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What is fermentation?  

When in doubt, start with the dictionary:  

Fermentation 

1a: the enzyme-catalyzed anaerobic breakdown of an energy-rich compound 

(such as a carbohydrate to carbon dioxide and alcohol or to an organic acid) 

by the action of microorganisms (such as bacteria or yeast) that occurs 

naturally and is commonly used in the production of various products (such as 

food, alcoholic beverages, and pharmaceuticals) especially by controlling 

microbial enzymatic activity. 1 

 
1 “Definition of FERMENTATION,” accessed April 19, 2022, https://www.merriam-
webster.com/dictionary/fermentation. 



 

Which is a honking big chunk of chemistry, so let’s translate that into normal people words. 

Basically, a microorganism breaks down one thing, usually carbs, into something else that we 

want, often acids or alcohols. Most commonly those microorganisms are bacteria and yeasts. 

Common parlance often uses cultured when referring to bacterial fermentation, and fermented 

to refer to yeasts, but that is by no means a hard and fast rule and the rule is broken often.  

 

There’s a whole lot of fermented foods out there, many that everyone can name and some that 

tend to surprise people if only because they’ve never thought of it quite that way before.  

 

 
 

 

Beer, wine, bread, sauerkraut, kimchi, kombucha and pickles tend to be the ones that people 

come up with the most quickly. Followed by the cultured dairy products; yogurt, kefir and 

sometimes people remember to include cheese. What gets forgotten most often are the ones 

that don’t get made at home, or where the fermentation happens long before a product makes it 

to consumers.  Cured sausage, cocoa, tempeh, fish sauce, garum, coffee, miso, vinegar, soy 

sauce just to name just a few, there are dozens and dozens more from all over the world and all 

over history. 

Good vs Bad 

Modern society is fairly obsessed with cleanliness and sanitation, and generally with good 

reason. We are very keenly aware that microbes that we cannot see can cause us harm, 

however modern society tends to forget that there’s good microbes too! The general goal with 

fermentation is to make the environment hospitable to the microbes that we do want, and hostile 

to the ones that we don’t. Modern fermentation takes this a step further and often sterilizes the 

equipment first (either through chemical means, or boiling) and then floods the environment with 

the desired microbe. This introduces exactly the microbe that is wanted, in large numbers, to 

simply overwhelm everything else that might be there. While modernly, we buy the yeast strain, 



or bacterial culture that we desire in a convenient packet, historically the location provided that 

overwhelming amount of a specific culture or strain. Years, often many decades, of dedicated 

work in a location would infuse the dairy, or the cheese cave, or the brewery with a specific 

strain of microbe well suited to that environment. This functionally provides the same overwhelm 

that modern packets do. Human supervised fermentation, as opposed to spontaneous 

fermentation, also includes intervention when the wrong critters turn up to the party. Fermented 

vegetables have the scum skimmed from the top to remove the places that mold likes to settle, 

for example. Cheeses are washed with brine to remove the wrong kind of mold on the rind, and 

so on.  

History 

Fermentation happens naturally, it doesn’t require humans to go poking to make it happen. Wild 

yeasts are very happy to nosh on fruit sugars and produce alcoholic fruit literally while it’s still on 

the tree sometimes. So in that respect, fermentation has been happening for as long as there’s 

been life on this planet. Humans poking and giving nudges and direction to fermentation is, well, 

almost as long as there’s been humans. There’s evidence for most of the classic fermented 

foods in the Neolithic period (10,000 – 4000 BCE), and my personal opinion is that a lack of 

evidence is the only reason we do not claim it to be present in the Paleolithic period. (pre-

10,000 BCE). In spite of getting started thousands of years previous, it isn’t until the 12th century 

Figure 1 Alulu beer receipt – This records a purchase of "best" beer from a brewer, c. 2050 BC 
from the Sumerian city of Umma in ancient Iraq.  

Credit: Ur-Amma, the scribe who created the text, Dr Tom L. Lee who photographed it, SilkTork 
who created the image., Public domain, via Wikimedia Commons 

 



that ethanol as known to be a distinct chemical substance,2 not until the 17th century when 

Anton van Leeuwenhoek had a look through his microscope and found microorganisms3 and 

not until the 19th century when Pasteur explained that yeast was responsible for alcohol and 

why wine went sour.4 While none in the SCA period had any grasp on why fermentation 

happened, they had the processes down pat to harness the power and function of all sorts of 

different organisms.  

Who’s Who of the Beasties 

Most commonly, the microorganisms that we are looking at are yeasts, bacteria or mold. Yeasts 

are the most common, although bacteria are a close second, and mold is used in quite specific 

circumstances. We’ll cover them in reverse order, touching on the unusual first before getting to 

the one that everyone has some familiarity with. None of these are an exhaustive list, we’re 

hitting highlights here, there are others that are used, but these are some of the most common.  

Mold 

Generally moldy food is a bad thing, and there’s only a couple of exceptions to that. Mold is, as 

best as I can tell, pretty much entirely used in conjunction with other fermentation processes, 

rather than just on its own. The most common example in western culture would be mold 

ripened cheeses, both internal and external. Internal mold ripened cheeses would be everyone’s 

favourite blue cheeses, ripened by Penicillium roqueforti. Surface mold-ripened cheeses, such 

as Camembert and Brie, are generally ripened by Penicillium camemberti, forming a velvety 

white rind.5 The cheeses themselves are cultured normally, by different bacterial strains (we’ll 

talk about those below), but the blue veins, or outside rind are due to mold.  

 
2 Seth C. Rasmussen, “From Honey Wine to the Cultivation of the Grape: An Early History of Fermented 
Beverages,” in Chemical Technology in Antiquity, vol. 1211, 0 vols., ACS Symposium Series 1211 
(American Chemical Society, 2015), 89–138, https://doi.org/10.1021/bk-2015-1211.ch004. 
3 Sandor Ellix Katz, Wild Fermentation: The Flavor, Nutrition, and Craft of Live-Culture Foods (White 
River Junction, Vt: Chelsea Green Pub, 2003). 
4 “Louis Pasteur,” in Wikipedia, April 29, 2022, 
https://en.wikipedia.org/w/index.php?title=Louis_Pasteur&oldid=1085305393. 
5 Marina Venturini Copetti, “Yeasts and Molds in Fermented Food Production: An Ancient Bioprocess,” 
Current Opinion in Food Science, Food Chemistry and Biochemistry • Food Bioprocessing, 25 (February 
1, 2019): 57–61, https://doi.org/10.1016/j.cofs.2019.02.014. 



In Asian food culture, two molds, Aspergillus oryzae and Aspergillus sojae are vital to many 
foundational foods. Confusingly, both the molds are referred to as kōji mold, and also the 
intermediary byproduct of the mold fermenation, so context is key. Miso, soy sauce, sake and 
more are all first fermented with kōji mold before going on to subsequent fermentations.6 
 

 

Bacteria 

Lactic Acid Bacteria 

Most of the time, when discussing fermentation using bacteria, we’re going to be talking about 

Lactic Acid Bacteria (LAB). These bacteria eat sugars and produce lactic acid, hence the name. 

That acid is then responsible not only for helping to preserve food, but also provides the tasty 

tang of flavour. There are many varieties of LAB, and they are responsible for fermentation of 

milk, meat, cheese, vegetables and more. It is generally accepted that there are four main 

genera of LAB, and while this is not an exclusive list, these are the most common. Those 

genera are; Lactobacillus, Leuconostoc, Pediococcus and Streptococcus.7 An excellent table of 

which LAB are responsible for different foodstuffs is included in Appendix A. While many LAB 

are acid and salt tolerant, which means that the salty brine of pickles and kraut encourages LAB 

 
6 Ghoson M. Daba, Faten A. Mostafa, and Waill A. Elkhateeb, “The Ancient Koji Mold (Aspergillus 
Oryzae) as a Modern Biotechnological Tool,” Bioresources and Bioprocessing 8, no. 1 (June 22, 2021): 
52, https://doi.org/10.1186/s40643-021-00408-z. 
7 “Lactic Acid Bacteria: Their Applications in Foods,” Journal of Bacteriology & Mycology: Open Access 
Volume 6, no. Issue 2 (March 15, 2018), https://doi.org/10.15406/jbmoa.2018.06.00182. 



while discouraging other bacteria, that cannot be said for all of them. The bacteria used in dairy 

and cheese making (primarily those from the Streptococcus genus, but not exclusively) are 

quite sensitive to salt, and so cheese is salted after fermentation has occurred. There are some 

bacteria that require oxygen and a non-acid environment, and so are used on the rind of 

cheeses, most notably Brevibacter linens, which is referred to as a smear bacteria for Munster 

and Limburger cheeses, washed over the rind to provide the characteristic odor.8 

Acetic Acid Bacteria 

Next up for useful bacteria are those who happily spit out acetic acid for us, which is the primary 

component of vinegar. These bacteria nosh on ethanol rather than sugars, and what kind of 

vinegar you get at the end depends on what kind of alcohol they started with. As with the lactic 

acid bacteria, there are a quite a few different species of bacteria responsible, belonging to the 

genera; Acetobacter, Gluconacetobacter, Gluconobacter and Komagataeibacter. They do like it 

warm (25-30C) and are aerobic (they like oxygen) and are happy in an acidic environment.9  

Yeasts 

Finally, we have come to the one that everyone knows best: yeasts. Beer, wine, mead, bread, 

are the generally accepted foundational foods for thousands of years. Yeasts are how we get 

booze, and for that reason alone, humans are really very fond of them. Which yeast strain is 

important for not only alcohol levels, but making it taste good. Saccharomyces cerevisiae strains 

are who we are looking at, and that species provides not just booze, but bread as well. There 

are other species of yeast present in alcohol fermentation, which include Candida, Kloeckera, 

Hanseniaspora, Brettanomyces, Pichia, Lanchacea and Kluyveromyces, among others.10 

These yeasts often die off at fairly low alcohol levels (approx. 4 – 5%), and are often associated 

with off flavours. Of course ‘off flavours’ is in the tastebuds of the beholder, and so some of 

these yeasts are becoming popular modernly. Functionally, we’re talking Saccharomyces 

cerevisiae pretty much exclusively. Like all of the other beasties we’ve talked about yeast 

noshes on sugar and then provides for us both ethanol and carbon dioxide. One we’re excited 

about for alcohol production, and the other is exciting for the bakers who want fluffier bread.  

C6H12O6 (glucose) −→ 2 C2H5OH (ethanol) + 2 CO2 (carbon dioxide)  

The various strains of S. cerevisiae become selected for local preferences. There is nothing at 

all to say that bread yeast cannot make good beer nor that beer yeast will not rise a loaf 

perfectly well. Historically, the bakers and brewers passed yeast back and forth, and much like 

 
8 “Serious Cheese: Know Your Microbes,” Serious Eats, accessed May 13, 2022, 
https://www.seriouseats.com/what-microbes-make-cheese. 
9 Rodrigo José Gomes et al., “Acetic Acid Bacteria in the Food Industry: Systematics, Characteristics and 
Applications,” Food Technology and Biotechnology 56, no. 2 (June 2018): 139–51, 
https://doi.org/10.17113/ftb.56.02.18.5593. 
10 Sergi Maicas, “The Role of Yeasts in Fermentation Processes,” Microorganisms 8, no. 8 (July 28, 
2020): 1142, https://doi.org/10.3390/microorganisms8081142. 



how different LAB became well adapted to their location over decades in the dairies, so did the 

yeasts of the bakeries and brewhouses, rendering different varieties a regional difference. Kveik 

is a yeast from Western Norway, which has been maintained traditionally for generations, 

including having yeast logs. These yeast logs track the storage of kveik and can be dated to 

1621, tantalizingly close to our SCA period and with implications that the practices of use and 

reuse of this yeast being solidly within our period. Kveik is thought to have been domesticated in 

approximately 1573-1604 CE.11 Bread is more interested in the CO2 production than specifically 

in the other components that yeast is providing, but those other components play into the 

flavours of bread itself. The fermentation rate depends on many factors, but especially upon the 

amounts of both sugar and salt in the dough. Sugar is a happy thing for yeasties, and salt is not. 

Many traditional bread recipes recommend putting the yeast and the salt on opposite sides of 

the pile of flour to allow them each to mix in some before exposing one to the other.  

Sourdough 

Sourdough starters are a glorious hodgepodge of yeast and bacteria, and most are very 

individual in their characteristics as a result of that. Most sourdough starters have a wider 

selection of yeast present, containing not only S. cerevisiae but potentially also S. servazzii, S. 

unisporus, Pichia anomala, Candida milleri and a wide selection of others depending on 

location.12 They also have a bacterial component, and we’re back to the LAB that we met 

previously which provides that sour flavour that is gives sourdough bread its name. Not all LAB 

produce exclusively lactic acid, some produce other compounds as well (including acetic acid 

and a few other things). Those bacteria, known as heterofermentative LAB, tend to dominate a 

mature established sourdough culture. That acid production, be it lactic or acetic acid, brings the 

pH of the starter down and that in turns help to keep unwanted critters at bay. Mold doesn’t love 

a low pH, Staphylococcus doesn’t love a low pH, it helps to keep the starter safe, even hanging 

out on the counter for years on end. Sourdough starters are an excellent example of the turf war 

that microbes build. It’s acidic around here, but wild yeasts are okay with that. The yeasts are 

kicking out ethanol, but the LAB are pretty tolerant of that. Yeasts prefer to nosh on glucose and 

fructose, but that’s alright, because LAB prefer maltose, so no one is trying to eat too much of 

each other’s dinner. They play nice together, and as a united front, make it cranky for other 

microbes to hone in on their turf, if all is going well.13 

 

Every single section we’ve touched on can, and is, a major topic in its own right and worthy of a 

whole class dedicated to it. We’ve hit highlights here, and barely scratched the surface of 

fermentation. Hopefully it has enlightened more than it has confused the matter, but know that 

generally microbes are your friend, and they make delicious things!  

 
11 Richard Preiss et al., “Traditional Norwegian Kveik Are a Genetically Distinct Group of Domesticated 
Saccharomyces Cerevisiae Brewing Yeasts,” Frontiers in Microbiology 9 (2018), 
https://www.frontiersin.org/article/10.3389/fmicb.2018.02137. 
12 “The Science of Sourdough Starters,” Serious Eats, accessed May 13, 2022, 
https://www.seriouseats.com/sourdough-starter-science. 
13 “The Science of Sourdough Starters.” 
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Table 1 Lactic acid bacteria used as star ter cultures in the production of some fermented food products

Product Genera of LAB1 Reference

Dairy products

Cheese (Mesophilic starter) Lc. lactis ssp. lactis 22

Lc. lactis ssp. cremoris

Lc. lactis ssp. lactis var. diacetylactis

Leuc. mesenteroides ssp. cremoris

Cheese (Thermophilic starter) S. thermoplillus 22

Lb. delbrueckii ssp. bulgaricus

Lb. helveticus

Lb. delbrueckii ssp. lactis

Cheese (Mixed starter) Lc. lactis ssp. lactis 22

Lc. lactis ssp. cremoris

S. thermoplillus

Yogurt
Lb. delbrueckii ssp. bulgaricus, 

S. thermophilus 
22

Fermented milks
Lb. delbrueckii ssp. bulgaricus, S. thermophilus Lb. casei, 

Lb. acidophilus, Lb. rhamnosus, Lb. johnsonii
22

Yakult Lb. casei ssp. casei 22

Acidophilus milk Lb. acidophilus 22

Butter and buttermilk
Lc. lactis ssp. lactis, Lc. lactis ssp. lactis var. diacetylactis ,

Lc. lactis ssp. cremoris, Leuc. menesteroides ssp. cremoris 
22

Kefir

Lb. kefir, Lb. kefiranofacies, Lb. brevis, Lb. plantarum, 

Lb. paracasei spp. paracasei, Lc. lactis spp. lactis, 

Leuc. mesenteroides

62

Trahanas

Lc. lactis ssp. lactis, Lc. lactis ssp. lactis var. diacetylactis , Leuc. menesteroides ssp. cremoris, Lb. 

delbrueckii ssp. lactis, Lb. casei, 

Lb. delbrueckii ssp. bulgaricus and Lb. Acidophilus

63

Fermented meat products

Dry sausages
Lb. sakei, Lb. curvatus, Lb. plantarum, Lb. pentosus, Lb. casei,

P. pentosaceous , P. acidilactici
64,65

Salami Milano Lb. sakei, Lb. plantarum 66

Salame Piacentino

Lb. acidophilus, Lb. helveticus, Lb. sakei, Lb. antri, Lb. oris, Lb. vaginalis, Lb. brevis, Lb. panis, Lb. 

versmoldensis, Lb. zeae, Lb. curvatus, Lb. paralimentarius, Lb. frumenti, Lb. plantarum, Lb. graminis, 

Lb. reuteri

67

Greek dry fermented sausages

Lb. sakei, Lb. plantarum, Lb. curvatus, Lb. pentosus, Lc. 

lactis ssp. lactis, W. hellenica, W. paramesenteroides, 

W. viridescens, W. minor

67

Chrorizo
Lb. brevis, Lb. curvatus, Lb. sakei, Lc. lactis, P. acidilactici, 

P. pentosaceus, Leuc. mesenteroides
67

Fermented fis

h

 pr oducts

Thai fis

h

Lb. plantarum, Lb. reuteri 68

Pickled fruits and vegetables 

Cabbage (Sauerkraut)
Leuc. mesenteroides, Lb. plantarum, Lb. brevis, 

Lb. fermentum
69

Cucumber
Lb. brevis, Lb. plantarum, Lb. pentosus, Lb. acidophilus, 

Lb. fermentum, Leuc. Mesenteroides
70,71

Olives Lb. brevis, Lb. plantarum, Lb. pentosus 72,73

Fermented cereal products

Sourdough Lb. brevis, Lb. hilgardii 74,75

Lb. sanfransiscensis, Lb. farciminis, Lb. fermentum, 

Lb. brevis, Lb. plantarum, Lb. amylovorus, Lb. reuteri, 

Lb. pontis, Lb. panis, Lb. alimentarius, W. cibaria 

Kimchi
Leuc. mesenteroides, Lb. plantarum, W. kimchii sp. nov., 

Lb. kimchi, Lb. sakei, W. koreensis
76–78

Bushera
Lb. plantarum, Lb. paracasei ssp. paracasei, Lb. fermentum,

Lb. brevis, Lb. delbrueckii ssp. delbrueckii, S. thermophilus
79

Pozol Leuc. mesenteroides, Lb. plantarum, Lb. confusus, Lc. lactis, Lc. raffino l act i s 80

Lc. Lactococcus, Lb. Lactobacillus, Leuc. Leuconostoc, P. Pediococcus, S. Streptococcus, W. Weissella
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