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Fermented Foods: An Overview 
(Michael Gänzle) 

 

 
The periodic table of fermented foods. Representative fermented foods are arranged in groups by 
fermentation substrate. For each element, the region where the product is traditionally produced is 
indicated as well as major fermentation organisms, time of fermentation, and the pH and the water activity 
of the final product where information is available. Back-slopped fermentations are underlined; major 
groups of fermentation organisms are color coded. A high-resolution .pdf file for large format printing, 
which is periodically updated, is available under a creative commons license on the author’s personal 
website (https://apps.ualberta.ca/directory/person/mgaenzle). 
 
What are fermented foods? 

Fermented foods are produced by using microbes and their enzymes to transform 
components of the food to new substances, thus giving fermented foods their characteristic taste, 
smell, and mouthfeel. In North America and Europe, fermented foods are mainly associated with 
fermented dairy products, pickles and sauerkraut, and fermented meats. The diversity of 
fermented foods worldwide is, however, much greater.  For example, all alcoholic beverages are 
fermented, as are the breakfast staples coffee and bread: for coffee production, microbes help to 
separate the coffee beans from the pulp and to improve flavor; most bread is made with baker’s 
yeast, or with yeast in combination with lactic acid bacteria. Even dessert favourites chocolate and 
vanilla ice cream are fermented or made with fermented ingredients.  

Key to description of fermented foods / 
Colour code for main groups of fermentation organisms

1 worldwide Yeasts number →  109 West phalia, D  ← Typical Origin or "Novel" Lactic acid bacteria 2 U.S.

Other organisms Name →  

grapes Bacilli M ain ingredient →  rye F. sanf rancisc. Propionibacteria meat s
3.5-4.0 S. cerevisiae Staphylococci pH →  5.0 Ks. humilis Brevibacterium 4.5-5.0 Pc.acidilact ici

n/ a  Enterobacteriaceae aw →  0.96 C. mindensis   Acetic acid bacteria 0.95
2 -  8 d E: 4 -  10   Fungi Fermentation time →  1 d L: 0.15; A:0.01; G  ← Selected metabolites 2 w L: 0.1

3 worldwide 4 worldwide 5 Thailand (East  
Asia) 6 Europe and 

ot hers 7 U.K. 8 Gruyere (CH) 9 Japan 10 Thailand

L
EPS  
2Ac h: hour m: month

grapes S. cerevisiae grapes S. cerevisiae r ice bovine Lc. lact is bovine Lc. lact is raw L. helvet icus f i sh,  r i ce Lp. plant arum pork Lp. plant arum
3.5-4.0 O. oeni 3.5-4.0 O. oeni 5.5 - Monascus 4.5 Lc. cremoris 4.6 Lc. cremoris 5.2-5.4 Sc. t hermophil. 4.0-4.5 Lv. brevis 4.5 Pc. pent osaceus

n/ a  n/ a 0.20 purpureus 0.99 Lu. cremoris 0.99 Lu.mesent eroid 0.95 Br. linens 0.95 D. hansenii 0.96 Kc. varians
1m-5y E: 8-12; L:<0.04 2m - 5y E: 12 - 15 1 w Monascorubrin 12 h L: 0.1; 2Ac; Ac 1 -  3 d L: 0.1 5-18 m L: 0.1 2 -  12m L:0.05; G 4 d L: 0.1; G

11 Champagne (F) 12 Germany P Propionate (mol / L) Ac Acetaldehyde 13 Assam 14 Bulgaria 15 Sout h-Cent ral 
It aly 16 Brie (F) 17 Lake Biwa 

(Japan) 18 Cent ral Europe

grapes S. cerevisiae grapes S. cerevisiae mustard  seeds Bacillus spp. bovine L. delbrueckii buf f al Sc.t hermophil. raw Lc. lact is f i sh,  r i ce C. aliment ar ius meat s Ls. sakei
3.5-4.0 O. oeni 3.5-4.0 Bot ryt is 7.6 Ralst onia spp. 4.0-4.5 sp bulgaricus 4.7-5.2 L. helvet icus 5.0-6.0 Lc. cremoris 4.0-4.5 Lp. plant arum 5.0-5.5 Ls. curvat us

n/ a  n/ a n.d. Staphyl ococcus spp. 0.99 Sc. t hermophil. 0.94  0.97 P. camenbert ii 0.95 Ln. buchneri .92 - 0.9 St . carnosus
1 -  5 y E: 8 -  12 1 - 10 y E: 8-12 11 d G 3 h L:0.1; Ac 1 d L: 0.1 2 - 4 m L: 0.1 0.5 - 3y L:0.05; A: 0.05G 4 w L: 0.1

19 Normandie (F) 20 worldwide 21 U.K.; Tr inidad 22 U.K., Belgium 23 Amazon 24 Turkey, 
Bulgaria 25 Ghana 26 France 27 Novel 28 Turkey 29 Europe, Nort h 

America 30 Japan 31 Benin 32 Zambia 33 Norway 34 Quebec (CAN) 35 Sweden 36 It aly, Hungary

apples S. uvarum prunes S. cerevisiae ginger S. cerevisiae barley S. cerevisiae cassava Lp. plant arum wheat Lu.mesent eroi millet W. conf usa wheat S. cerevisiae var i ous S. cerevisiae wheat Lp. plant arum cabbage Lu kimchi soy Bc. subt ilis Baobab seed B. lichenif ormis bovine Lc. lact is whey Lc. lact is bovine Lc. lact is her r i ng T. halophilus meat s Lp. plant arum
3.5-4.0 Lq. mali 3.5-4.0 lact ic acid 3.5-4 Ln. hilgardii 3.5-4.0  4.6 Lu.mesent eroi 3.5 Lp. plant arum 3.5 -  4.2 Lm. f erment um 5.5-6.0 Ls. sakei 5.5-6.0 Lp. plant arum 4.0-4.5 Lv. brevis 3.5-4.0 Lp. plant arum 5.5-6.0 5.8 B. subt ilis 4.0-4.5 Sc. inf ant ar ius Lu. 5.0-5.5 Br. linens 6.5 - Ak. gilvum 5.5-6.0 St . carnosus

n/ a Acet obact er n/ a baceria n/ a Lq. nagelii n/ a  n/ a To. delbrueckii 0.98 Candida spp. 0.98 Pc.pent osaceus 0.97 Pc.pent osaceus 0.96 Lm. f erment um n/ a Lc. paracasei 0.97 Lv. brevis 0.97 n.d. Pc. pent osaceus 0.98 Cit robact er 0.90 0.97 G. candidum 0.92 Mn. psychrot . 0.89-92 P. nalgiovense
2 -  4 w E: 5-8, L:0.05 1w E: >12 4 w E: 2 -  4 4 w E: 5 2 w L:0.1; A: 0.05 24 h E: 1; L: 0.15 1 - 3 d L: 0.12 8 - 16h L:0.1; E:0.5 8 - 24h L:0.05; dext ran 14 d L: 0.15; A:0.01 2 -4 w L:0.15; A: 0.02 1 d Polyglut amat e 2 d G 2 d L: 0.15, 2Ac L: 0.05 1-3m L: 0.1; N,S 2 -  3m Ac: 0.01; G; N,S 4 - 8 w L:0.1; G

37 Spain 38 Duoro 
(Port ugal) 39 Bavaria (D); 

Pilsen (CZ) 40 Brazil 41 Brazil 42 Zimbabwe 43 West  Af r ica 44 Milano (It aly) 45 Sudan 46 Turkey 47 worldwide 48 Indonesia 49 Japan 50 Scandinavia 51 Holland 52 Normandie (F) 53 Ancient  Greece 
and Rome 54 Spain

grapes S. cerevisiae grapes barley cassava B. subt ilis cassava Lp. plant arum cor n, mal t Lm. f erment um corn Lm. f erment um wheat ,egg F. sanf rancisc. sor ghum Lm. f erment um wheat Sc.t hermophil cucumber Lu.mesent eroi soy R. st olonif er soy A. oryzae bovine Lc. lact is bovine Lc. lact is raw Lc. lact is f i sh por k E. f aecium
3.5-4.0 Debaromyces 3.5-4.0 S. cerevisiae 3.5-4.0 S. cerevisiae 3.3-3.6 Lm. f erment um 4.0 C. manihot ivor. 3.5 Lp. plant arum 3.8 -  4.2 Pc.acidilact ici 5.0 Lu.  mesenter oi des 4.5-5.5 L. amylovorus 4.0-4.5 L. delbrueckii 3.5-4.0 Lv. brevis ~4.5 Ent erobact er 4.0-5.0 Z. rouxii 4.5 Lc. cremoris 4.8-5.8 Lu.mesent eroi 5.5-6.0 Lc. cremoris 5.0-6.0 Lact ic acid 5.0-5.5 St . xylosus

n/ a Lp. plant arum n/ a n/ a 0.98 S. cereviae 0.30 Lu. mesent eroid 0.98 W. cibaria 0.98 Candida spp. 0.95 Ks. humilis 0.96 I. or ient alis 0.63 S. cerevisiae 0.96 Lp. plant arum 0.98 Bc. subt ilis 0.90 T. halophilus 0.98 G. candidum 0.95 NSLAB 0.97 P. camenbert i 0.90 bact er ia 0.96 D. hansenii
>6 y E: 15 1y - 1c E: 19 - 23 4 w E: 5 2 d E: 12; L: 0.1 1 m L:0.1; A:0.1 1 - 2 d L:0.12 1 - 3 d L: 0.12 2 d L:0.1 A:0.01 1 d L:0.1; A:0.01 3 d L:0.15 A:0.02 2 - 4 w L: 0.1 1 d phyt ase, G 1 - 2y G 16 h L:0.1; 2Ac 4 w L:0.1; (G) 1 - 4 m L: 0.1; N 1 - m G 1 - 8 w L: 0.1; G 

55 Quebec (CAN) 56 Germany 71 Belgium 72 Germany 73 West  Af r ica 74 West  Af r ica 75 Novel 76 Reut lingen, D /  
France 77 China 78 Sout h India 79 Spain, Greece 80 China 81 Korea 82 Cent ral Asia 83 Emment al (CH) 84 Roquef ort  (F) 85 Sout h-East  Asia 86 Spain

apples S. cerevisiae grapes wheat S. cerevisiae barley  cassava Lp. plant arum sorghum Lm. f erment um oat s L. acidophilus wheat ,egg F. sanf rancisc.       wheat F. sanf rancisc.       r ice Lu mesent eroid olives Lp. plant arum soy Mucor spp. pepper ,  r ice A. orzyae mare L. delbr uecki i raw bov Sc. t hermophil. raw ov Lc. lact is f ish T. halophilus pork  
3.5-4.0 Lact ic and 3.5-4.0 S. cerevisiae Bt . lambicus 4.0 S. cerevisiae 4.0-4.2 Lm. f erment um 3.5-4.0 Pc. 3.5-4.0 Lp. plant arum 5.5 Ks. humilis 4.5-5.0 Lp. plant arum 3.6 -  4.2 Lp. plant arum 3.5-4.2 Lp. pent osus ~8.0 Bacillus spp. 4.6 - Z. rouxii 4.0-4.5 K. marxianus 5.1-5.3 L. helvet icus 5.5-6.5 P. roquef ort ii 4.0-6.5 T. muriat icus 6.0-7.0 st aphylococci

n/ a acet ic acid n/ a  n/ a Pc. damnosus n/ a  0.30 W. cibaria 0.97 W. conf usa 0.98 Lm. f erment um 0.96  0.97 S. cereviae 0.98 Pc. pent osaceus 0.96 Candida spp. 0.93 Ent erococcus 0.80 Bc. subt ilis 0.98 L. helvet icus 0.97 Pr. jensenii   0.85 Lt . salicampi 0.90  
2 - 4 m E: 8-11 0.5-1 y E: 12-16 4m-4y E: 5; L: 0.1 4 w E: 8-14 2 d L:0.1 2 d L: 0.2 1 d L: 0.2 1 d L:0.1; A:0.01 1 d L:0.15; A: 0.02 1 d L:  0.1 -0.2 4d-1y L: 0.2 1-6 m G 1 - 3 y G 24 h L: 0.15; E: 1.5 4 - 14m L:0.1; P: 0.1 3-9 m L: 0.1; N 6-18m L: 0.1; G 1 - 6 y G

87 Japan 88 Zhejiang 
(China) 103 Bot swana, 

Zimbabwe 104 Sout h America 105 Nigeria 106 Uganda 107 Bot swana 108 Bay Area (U.S.) 109 West phalia, D 110 Novel 111 Taiwan 112 China 113 East  Asia 114 Caucasus 115 It aly 116 Alsace (F) 117 Norway 118 Parma (It aly)

r ice A. oryzae r ice A. oryzae sorghum S. cerevisiae mai ze S. cerevisiae yams Lp. plant arum sor ghum Lm. f erment um sor ghum Lm. reut er i wheat F. sanf rancisc. rye F. sanf rancisc. oat s Lp . plant arum Must ard Lu mesent eroid soy Sn. soy A. sojae bovine L.  kef i r anof aci ens raw ov L. helvet icus raw Lc. lact is t rout pork  
3.1-4.4 S. cerevisiae 3.5-4.5 S. cerevisiae 3.5-4.0 Lp. plant arum 4.0 Lm. f erment um 4.5-5.2 Lm. f erment um 3.5 - 4.5 Lv. brevis 4.0 Lm. f erment um 4.5 Ks. humilis 5.0 Ks. humilis  4 -5 Lc. lact is 3.5-4.0 C. f ut saii >7 Bacillus spp. 3.5-4.5 T. halophi lus 4.0 Lu mesent eroid 5.5-6.0 Sc. t hermophil. 5.2-5.4 Br. linens 5.5-6.5 Ls. sakei 6.0-7.0 st aphylococci

n/ a L. helvet icus n/ a M.  purpureus n/ a Lc. lact is n/ a Sc. mut ans 0.30 Bc. subt ilis 0.98 Lp. plant arum 0.98 Lp. plant arum 0.96 C. mindensis 0.96 C. mindensis n.d. ot hers 0.95 T. halophilus 0.97 Sc. bovis 0.83 Z. rouxii 0.98 K. marxianus 0.92 Lb. rhamnosus 0.97 G. candidum 0.96 0.90  
6-12 m E: 15 L: 0.02 6-12 m E: >14 3 - 5 d E: 4; L: 0.1 4 d E: 3-4 1 d L:0.05 1 -  4 d L: 0.12; A: 0.01 1 - 2 d L: 0.12; A: 0.01 1 d L: 0.12; A: 0.01 1 d L: 0.15; A:0.01; G 2 w -  1 y L:0.15; A: 0.02 2 w L:0.15; A: 0.02 2 - 3 d odour (st rong) 6-12 m L: 0.1; G 12-24 h L: 0.08; E: 1, 2Ac 0.5-5 y L:0.1; G 1-3 m L: 0.1, N,S 2-4m N; G 0.5 - 2 y G

57 Russia 58 Carr ibean 59 Black Forest  (D) 60 Zimbabwe 61 Normandie (F) 62 Cognac (F) 63 It aly 64 Mexico 65 Scot land, 
Ireland, U.S.A. 66  China 67 Torres St raight 68 Worldwide 69 China 70 Modena (I)

Spirits and vinegar
potatoes sug cane cherr ies S. cerevisiae Masau S. cerevisiae appl es S. uvarum gr ape wi ne S. cerevisiae pomace S. cerevisiae agave S. cerevisiae barley S. cerevisiae sorghum A. oryzae coconut S. cerevisiae grains S. cerevisiae grains A. oryzae grapes S. cerevisiae

6.0 S. cerevisiae 4.0-5.0 S. cerevisiae 3.5 - 4.0 Pu. suebicus 4.5 - 5 I. or ient alis 4.5 - 5 NSLAB 4.5 - 5 4.5 -  5 NSLAB 4.5-5.0 T. delbrueckii 3.5-4.5 Ln. par abuchner i 4.5 - 5 S. cerevisiae LAB 2.5-3.0 Acet obact er 2.5 Al . j inshanensis 2.5 Acet obact er
n/ a  n/ a n/ a  n/ a Lp. plant arum n/ a n/ a n/ a n/ a W. cibaria n/ a L. acidophilus n/ a L. acet ot olerans n/ a n/ a n/ a Acet obact er n/ a Zygosacchar omy.

2 d E: 40 0.1-2 y E: 40-80 2 - 12 m E:44 A: 0.01 6-7 d E: 30 - 50 12 m E: 40; A:0.02 2 - 50 y E: 40 2 - 4 d E: >40 0.5-4 y E: 35 - 55 1y - 1c E: 44 1 - 3 y E: 35-53; S 1 w E:25 - 45 2d A: 0.8-3 3 - 6 m A: 1 L:0.1 12 y A: 1, L:0.01

89 China 90 Et hiopia 91 Indonesia 92 t ropical 
count r ies 93 Mexico, 

Madagascar 94 Scandinavia 95 Turkey 96 Novel 97 Scandinavia 98 Mexico 99 Mexico 100 East  Asia 101 unknown 102 Novel

tea A. niger cof f ee Pichia spp. cof f ee Gluconacet oba cocoa Candida spp. vanilla Bc. subt ilis honey S. cerevisiae cr anber r y Lp. plant arum carrot Lp. plant arum bi r ch sap Lp. plant arum agave S. cerevisiae pi neappl e Lc. lact is t ea Gl. xylinum sucrose Lq. hordei barley
 -  S. cerevisiae 5.0 Erwinia spp. 5.5 Cit robact er 5.0-5.5 Lact obacilli 5.5 4.0 -  4.5 4.0 Lv. brevis 4.0 Lv. brevis 4.0-4.5 Lv. brevis 4.5 Lq. dextr anicum E. f aecium 3.5 Br ettanomyces spp. 3.3-3.5 S. cerevisiae 3.5-4.0 Gluconobact er

n/ a Bl. adeninivorans n/ a Lu.mesenter oi d n/ a Weissella 0.30 Ac. acet i n/ a β-glucosidase n/ a n/ a Lq. hordei n/ a n/ a Leuconost oc spp. n/ a Zymomonas n/ a S. cereviae 0.99 lact obacilli n/ a Acet obact er n/ a
2 m volat iles 2 d Acet at e 2 d Acet at e 2 d volat iles 2 d Vanillin 7 d E: 6 t o 12 7 d L: 0.15; A:0.05 3 w L:0.15, A:0.02 14 d L: 0.15; A: 0.01 1 d E: 7; EPS 3 d E: 2; L: 0.1 14 d E:0.5 A:0.1 L:0.1 1 d E:3; L:0.2; A:0.1 1d Glucuronic acid

Paucilactobac.: Pu.
Limosilactobac.: Lm.
Fructilactobacillus: F. 
Acetilactobacillus, A l. Tetragenococcus T.
Levilactobacillus: Lv. Enterococcus E.
Secundilactobac.: Sn.

Lactococcus Lc.
Streptococcus Sc.

Lactiplantibacillus: Lp Leuconostoc, Lu. Non-Starter LAB NSLAB
Pediococcus: Pc Periweissella, Pr

Ko.Kosakonia spp.M arinilactobacillus M n
C arno bacteriaceae

Blastobotrys

Alkalibacterium Ak

Entero co ccaceae

Latilactibacillus: Ls
Lacticaseibacillus: Lb
Liquorilactobac.: Lq. Lentilactobacillus: Ln

Strepto co ccaceae Kocuria

15
A cid- , rennet-  

and heat  
co agulated 

cheeses

Bl.

Tea, coffee, chocolate, and 
non-alcoholic beverages

Other Bacteria (Gram positive)

M onascus

Lacto bacillaceae
Lactobacillus: L
Companilactobac.: C
Schleiferilactobac.: Sl.

Erwinia spp.

Yeasts and Fungi

Brettanomyces
Debaromyces

Lactic acid bacteria

Penicillium

Br.
Pr.

Oenococcus, O.

Ks.

Ac.

Enterobacter spp. Kazachstania P.

18
Meats

12
Soy and 
beans

A.

Gram-negative bacteria

Gl.Gluconacetobacter

Sake (清酒)

A cet ic  A cid B acteria

G.

Zygosaccharomyces
Torulaspora To.

Z.

M .

M ycelia l fungi

Geotrichum
Aspergillus

Issatchenkia
Kluyveromyces

Bt.
D.
I.
K.

1
White wine 
and cidre

BacillusWeissella, W.
 Acetobacter

Staphylococcus
Propionibacterium

Lentibacillus
Brevibacterium

St.
P lant-asso ciated  Entero bacteriaceae

Rhizopus R.

Ice cider Eiswein

SaccharomycesPantoea  spp.

Bc.
Lt.

Yeasts

Kc.

Cidre Fruit wines

Sherry Port wine

4
Dark beer

3
Light beer

5
Tubers and 

roots

Dark ale

N,S

G

Ginger beer Boza

 

Ethanol (%)

Red Wine

E
A

Main metabolites:                 
Lactate (mol / L)

Acetate (mol / L)

2
Red and fruit 

wines

Botrytised 
wineChampagne

Feder-
weisser

White wine

13
Condiments

Kharoli6
Beverages 

from cereals 
or tubers

centuryc:

17
Fish and fish 

sauce

NhamButtermilk / 
cultured 

Cottage 
Cheese A ng kak

12
Dairy 

products

16
Mold/surface 

ripened 
cheeses

MozzarellaYoghurt

y:

Ammonia, H2S or dimethylsulf ide

9
Bread (wheat 

and other)

11
Vegetables

10
Mixed cereal 
fermentation

s

year

Koumiss

Sour Cassava 
Starch

Tarubá Gluten-free 
bread Sauerkraut

Sufu

Mahewu Mawe / Ogi

Natto (納豆)

Gowe

Shaoxing 
w ine (绍兴酒) Ting

Pickles

Idli (+ beans) OlivesGariLambic

Kisra

Mantou (馒头)

Caxiri Chorizo

Brie

Camembert

Gruyère

Garum

Narezushi 
(馴れ寿司)

Funazushi 
(鮒寿司)

Surströ mming

Summer 
Sausage

Rakfisk Prosciutto di 
ParmaSoy sauce Kefir

Gochujang 
(고추장)

Cervelat

Salami

Fish sauce Jamón 
serranoRoquefort

Tempe Miso (味噌)

OkaMabisiTayohounta

Viili

Mysost

Emmentaler 
(Swiss)

Gouda

Kombucha

Aceto 
Balsamico

Stinky tofu 
(臭豆腐)

Vinegar (醋)Steamed 
tuba

Pecorino

Tepache Water kefir Lemonade 
(Bionade)

Münster

S.

Key to Fermentation Organisms in Food

Kopi Luwak 
(Civet coffee)

Kirsch-
wasser

Chibuku

Vodka 
(водка)

White 
vinegarBaijiu (白酒)Whiskey / 

Whisky

Pu-erh tea 
(普洱茶)

Coffee 
arabica

Helles / 
Pilsner

KachasuRum

Chicha

Tequila

P l a nt  ba se d 
c he e se s ( pul se s,  

nut s,  ot he r s)

PulqueCocoa / 
chocolate

Mutschel / 
Brioche

Carrot juiceMead Gilaburu

S a n Fr a nc i sc o 
S our dough Br e a d

Grappa

Vanilla

Calvados

Koko

Elubo Bushera

Birch beer

Panettone

Fu-Tsai

 Tarhana ( + 
dairy, 

veg et ab les)

Salgam (+ 
black carro ts)

day

w

d:

Baguette

Pumper-
nickel

Plant-based 
yoghurt

7
Cereal 

porridges

Eisbock

Cognac

← (double) underlined = 
(optional) back-slopped 
fermentation
 ← M ajor / selected fermentation 
organisms

w eek

8
Bread 

(wheat)

Pumper-
nickel

Exopolysaccharides                                         
Diacetyl

Glutamate
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The Periodic Table of Fermented Foods aims to provide an overview of the global 
diversity of fermented foods. The products are sorted in groups depending on the fermentation 
substrate. Just about any agricultural crop produced on the globe is also consumed as a fermented 
food. The table is incomplete - fermented foods are as diverse as human cultures and societies. 
For example, most European and Asian cultures in temperate climates with cold winters ferment 
vegetables to preserve the vegetable harvest in fall as a source of nutrients, including vitamins, 
over winter. The best known product is sauerkraut, but an innumerable variety of products with 
a comparable fermentation process but different recipes and names is produced globally. To 
provide a second example, most fermented foods are produced in households – this means that 
each family has its own special recipe, fermentation process and product. In industrialized 
countries, food fermentations have been industrialized but many large-scale fermentations still 
rely on traditional knowledge systems for fermentation control. In the last years and particularly 
during COVID-19 pandemic, the interest in fermenting foods at home has increased and many 
households produced their own sourdough bread, sauerkraut, or fermented vegetable juices, to 
name just a few.  
 
Why are foods fermented? 

To answer this question, it is best to start with an overview how microbes convert food 
components.  

1. First, most food components, such as proteins, starch and non-starch polysaccharides, are 
polymers: strings of monomers of amino acids and sugars, respectively. While most monomers 
can be imported – taken up – into cells, where they can be metabolized, most polymers are too 
large to enter most cells. Therefore, polymers must be broken down into monomers outside of 
the cell by means of extracellular enzymes that are transported out of the cell and onto the 
polymer. The two groups of organisms that are best suited to produce extracellular enzymes are 
mycelial molds and bacilli. The release of amino acids from the proteins and sugars from the 
polysaccharides provides nutrients for other microbes, particularly yeasts and lactic acid bacteria, 
but also enhances the taste of the product. For example, fungi in combination with yeasts and 
lactic acid bacteria are used to convert bland-tasting wheat and soy beans to soy sauce, which is 
very rich in amino acids and organic acids with umami and sour taste. Gochujang (element 81) 
combines fermented rice with hot pepper, thus combining the spiciness of pepper with umami 
taste. Kharoli (element 13) is a fermented mustard seed product that combines the spiciness of 
mustard with umami taste.  

2. Second, simple sugars are converted to ethanol by yeast, or to lactic acid and other organic 
acids by lactic acid bacteria. These two groups of organisms occur in most fermented foods (see 
Periodic Table). During vinegar production, acetic acid bacteria convert ethanol to acetic acid.  

3. Third, bioactive plant components are converted to metabolites with higher or lower 
biological activity or toxicity. To provide two examples: Cassava contains cyanogenic glucosides, 
which release cyanide if the molecule is hydrolysed after ingestion. As a consequence, Cassava 
tubers are toxic to humans unless the cyanogenic glucosides are removed by a processing step 
such as fermentation (group 5). Vanillin, the most important flavor compound in vanilla, is 
produced by vanilla beans as a glucoside that is not volatile and has no flavor. Curing of vanilla 
beans recruits bacilli, which hydrolyse the glucoside and thus release the flavor compound 
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(element 93). Last but not least, many microbes produce flavor volatiles that contribute to the 
smell of the final products. 

4. Fourth, microorganisms produce flavor volatiles during growth. The smell and the taste 
of fermented products is therefore often very different from the raw material.  
 

 
What is the motivation for fermentation, then? If we cover the periodic table from left to 

right, we obtain four main reasons for fermenting food: 
1. Humans fermented cereals or fruits to produce intoxicating alcoholic beverages. The 

production of alcoholic beverages from cereals dates back to the time when humans shifted from 
hunter-gatherer societies to sessile agricultural societies about 14,000 years ago.  

2. Humans fermented foods to remove anti-nutritive or even toxic compounds in plant 
foods. One of the most important examples, presented above, is the presence of toxic cyanogenic 
glycosides in cassava. Cereals and beans also contain compounds that either prevent absorption 
of minerals during digestion, or can irritate the human intestine more or less severely. Grains 
and seeds are not meant to be eaten but grinding, fermentation and cooking or baking reduces 
the content of anti-nutritive compounds and makes starch and proteins more easily digestible. In 
baking, fermentation additionally leavens the dough to provide a lighter texture. Most products 
in groups 5 to 10 and 12 are fermented for these reasons. Archeological evidence also dates the 
first bread production to the same time as fermentation of “beer”, and the production of bread 
thus likely also predates cereal agriculture.  

3. Humans fermented foods to preserve perishable agricultural raw materials. This 
motivation is most important for fermented vegetables (group 11), fermented dairy products, fish, 
and meats (groups 14 to 18). The main mechanism of preservation is the production of organic 
acids by lactic acid bacteria, which reduces the pH and makes the foods unsuitable for growth of 
spoilage microbes, or for survival of pathogenic microbes. In many products, e.g. cheeses, 
fermented meats, and in Fu-Tsai (element 111), the preservative effect of a high content of acids 
is increased by the effect of a low water content, which also inhibits growth of unwanted microbes. 
In many European societies, e.g. Switzerland, Holland and the British Isles, cheese production 
was a means for farmers of extending the life of one of their main products, milk, and enabled 
them to sell it in distant markets. Fermented foods also helped James Cook to travel to Vancouver 
Island, Australia and multiple other far-away locations as the first European: he was the first to 
use sauerkraut as food for his crew, which prevented scurvy and allow ship voyages over several 
months. 

Major biochemical conversions during food fermentations: 

1. Conversion of starch and proteins to sugars and amino acids (mycelial molds and 
bacilli) 

2. Conversion of sugars to ethanol (yeast) or lactic and acetic acids (lactic acid bacteria) 
or ethanol to acetic acid (acetic acid bacteria) 

3. Conversion of bioactive or toxic plant components to metabolites with higher 
biological activity, or lower toxicity.  

4. Formation of flavor volatiles 
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4. Humans fermented foods to produce delicacies that please the palate. Vanilla and 
chocolate have already been mentioned, but vinegars and condiments, and sauces produced from 
soy, cereals or fish, also rely on fermentation. We have a perception that healthy foods are not 
tasty and that comfort foods are not healthy. The periodic table of fermented foods provides 
multiple examples that this perception is not always true: many of the fermented and healthy 
(plant) foods are very delicious.  
 
 
 
 
 
 
 
 
 
Which microbes are used to ferment foods? 

Very diverse groups of microbes are used in food fermentations (see bottom of Periodic 
Table figure), the most frequently used of which are yeasts, lactic acid bacteria, acetic acid bacteria, 
mycelial molds, bacilli, staphylococci and propionibacteria. The contribution of some of these 
major organisms to food quality is outlined above. Yeasts and molds additionally produce flavor 
compounds, particularly when growing on the surface of cheese, fermented meats, or tofu. Acetic 
acid bacteria convert ethanol to acetic acid, which is necessary for production of vinegars, and 
contribute to the smell and the taste in many other fermented foods including kefir, coffee and 
chocolate and some alcoholic beverages. Staphylococci produce flavors in fermented foods with 
a high content of protein but a low content of sugar and water, e.g. fermented fish, meats, and 
some plant-based condiments. Propionibacteria are used almost exclusively in cheese production, 
where they produce gas to form holes and contribute to the characteristic taste of Swiss cheese.  
 While some foods are fermented only with one organism, e.g. in beer production with 
brewer’s yeast, or dairy fermentations with only lactic acid bacteria, most food fermentations 
recruit several groups of microbes. As a general rule, a higher diversity of the community of 
microbes that is involved in the fermentation results in a higher intensity of flavor and taste.  For 
example, Lambic beer (element 71), fermented with brewer’s yeast and lactic acid bacteria, is more 
flavorful than lager beer or ale, which is fermented with brewer’s yeast only; Sourdough bread 
(group 8) is more flavorful than bread produced with baker’s yeast only; and surface ripened 
cheeses (group 16) are more flavorful than cheese produced with lactic acid bacteria only. “More 
flavorful”, however, does not necessarily correspond to “more preferred” by all consumers. For 
example, the Swedish Surströmming is certainly more flavorful than fish but most of those that 
are not used the product would will likely designate it as rotten fish. And the strong smell of red-
smear cheese (elements 34 and 116) is appreciated by some but not by all consumers.  
 
How do we recruit microbes for food fermentation? 

The microbes that we use for food fermentations either originate from the raw materials 
and the processing environment (spontaneous fermentation), or from a previous batch of 
fermentation in a processed termed “backslopping” (see below).  

Major motivations for food fermentations 
 

1. To produce alcoholic beverages 
2. To remove remove anti-nutritive or even toxic compounds in plant foods 
3. To preserve perishable agricultural raw materials 
4. to produce delicacies that please the palate 



A learner-centric microbiology education framework 

 

 5 

In both cases, the composition of the communities of microbes that contribute to the 
fermentation can be controlled by the right choice of the recipe, e.g. addition of water or salt, 
fermentation temperature and fermentation time. Vegetable fermentations and many cereal 
fermentations rely on microbes that are associated with plants. Plants are colonized by bacilli, 
enteric bacteria, and lactic acid bacteria. Macerating plant tissues and grinding/milling seeds, 
followed by addition of water or brine, releases nutrients for bacterial growth. Bacilli grow only 
if acidification by other microbes is delayed as a result of the sugar content of the substrate being 
low (examples in group 5, 12 and 13). In most spontaneous fermentations, enteric bacteria, which 
are facultative anaerobes and the most abundant bacteria in plant materials, grow first. Lactic 
acid bacteria grow later and reduce the pH by production of lactic acid to a point where enteric 
bacteria can no longer survive and growth of spoilage microbes is inhibited.  
 This succession of microbial communities is comparable in all fermented vegetable 
fermentations, irrespective of where these are performed and which vegetables is used. A 
comparable succession of microbial communities is found in spontaneous cereal fermentation, 
e.g. in most products in groups 6 and 7.  
 
Backslopping  

Backslopping is the process whereby a small quantity of material from a completed 
fermentation is used to start a new one. It provides uniformity in fermentation, because it largely 
eliminates the involvement of diverse and variable microbes from the environment, and because 
the fermentation starts immediately because the inoculum is both large and adapted to the 
fermentation. In the Periodic table figure, the product names are underlined if fermentation 
microbes are controlled by backslopping.  
 Back-slopping is generally used in brewing, baking, soy sauce production, and in most 
dairy fermentations. The process is often continued without interruption over long periods of 
time: Some sourdoughs have a documented history of more than 100 years of continued back-
slopping; many or most dairy starter cultures that are used in the Americas were brought by 
European immigrants more than 100 years ago. Fungal cultures that are used for fermentation 
of beer, blue mold cheese and Japanese soy sauce have been cultivated by back-slopping for several 
hundred years.  
 How does back-slopping impact the community of microbes in food fermentations?  

1. First, addition of even a small proportion of a previous fermentation adds millions of 
microbes to the new batch and these typically grow much faster than the microbes from the raw 
material: the fermentation is faster and easier to control by recipe, temperature, and fermentation 
time. 

2. Second, continuous back-slopping over long periods of time makes transmission of 
microbes from even unlikely sources a possible or even likely event. As outlined above, 
spontaneous fermentations of plant foods are dominated by plant-associated microbes. Back-
slopped fermentations are not. In some cases, we know the origin of the fermentation microbes: 
bacteria in back-slopped dairy starter cultures and sourdoughs originate from the intestine of 
domestic animals, or of insects; for others we don’t know the origin but we know that the 
fermentation microbes are not associated with the raw materials. Fermentation with intestinal 
bacteria does not sound very appetizing but we need to keep in mind that a single transmission 
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event with very few cells is sufficient to have the gut microbes multiply in food fermentations for 
decades to follow. 

3. Third, continuous back-slopping of fermentation microbes results in domestication of 
microbes. In the same way humans domesticated pigs, cattle and horses, many of the fungal 
fermentation microbes are domesticated. They were back-slopped (“bred”) for several hundred 
years and are genetically and physiologically different from their feral ancestors. Examples include 
brewer’s yeast, the blue mold used in cheese ripening, and the molds used in production of koji, 
the fungal starter cultures used in production of soy sauce, rice wine, and cereal vinegars in Japan.  
 
Is it difficult to ferment foods at home, or in school? 

Food fermentations are ancient, and most food fermentations continue to be carried out 
at the household level: It takes some skill and experience but not a degree in science to successfully 
manage a food fermentation. The procedures for production of many fermented foods including 
yoghurt, fermented vegetable juices, water kefir or kombucha, fermented vegetables or sourdough 
bread are readily adopted for use at the household level, or in experiments conducted in primary 
school. In some cases, e.g. kefir, water kefir or kombucha, you need to rely on your social network 
to obtain a starter culture. Sharing a culture is not difficult because bacteria multiply rapidly and 
a small amount of starter culture can be used to ferment a large volume of food, and to maintain 
the culture by back-slopping. Cultures are also available in the supermarket. Yoghurt cultures can 
be maintained by back-slopping at home if kitchen utensils that maintain the temperature of 
inoculated milk at 38 – 42 °C are available. The acidic, “Balkan-style” yoghurts with milk as sole 
ingredient are a better source of fermentation cultures than the less acidic yoghurts that are 
produced with attenuated lactic acid bacteria. Pickles or fermented cabbage (kimchi or 
sauerkraut) that are displayed on refrigerated shelves of the supermarket are likely to contain live 
microbes that can be used to jump-start fermentation of sauerkraut of fermented vegetable juices. 
The same products kept at ambient temperature are pasteurized and don’t contain live microbes.  
 Sources for information on how to control different fermentation include the Noma 
guide of fermentation, which provides guidance on the use of food fermentation in culinary arts, 
various sites on the internet, which need to be verified as to whether or not they provide reliable 
information, and even artificial intelligence chatbots. The AI chatbot available at 
https://chat.openai.com/chat was apparently trained with a sufficient number of documents on 
food fermentations to provide very reasonable and likely successful guidance on the fermentation 
of sauerkraut, on how to start a sourdough starter, and on how to ferment vegetable juice 
(accessed May 11, 2023). The most relevant message: if things smell foul, get moldy or otherwise 
appear to have gone sideways, discard the product and start again. The ability to control food 
fermentations depends on experience and making mistakes is part of the process.  
 

https://chat.openai.com/chat

