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Introduction 

The very first (edible) bread that I made was in a rice cooker, out of sudden inspiration from an animated 

film. And as it is with all of these first attempts, you probably know how it went! The bread was dense, 

almost cakey, a little lopsided and domed around the top. But the joy of melting warm bread in one’s 

mouth right after a battle with whisks and batter was greatly rewarding for a little 14-year-old.   

Now that I’m a tad more grown and hopefully a little more patient, the same joy for toasty bread lingers 

prominently. It manifests in leafing through pictures of bread, which Instagram has now learned to 

recommend me— kouign-amaans, buttered brioches, flatbreads, pizza, good old sourdough loaves. 

Gastronomy aside, there is also a slight fascination with the process of bread-making, which include 

little things like ratios, substitutions, time, and interactions. A ciabatta (which translates to “slippers”) 

is an Italian loaf with approximately 88% hydration, 2% yeast, 10% oil in proportions to flour. In 

contrast a hearty bagel could range from 54 to 60% hydration, with equivalents of yeast and 15% 

variants of sweetness in the form of molasses, cane or refined malt. 

Naturally, these guidelines are fluid. Permutations and combinations are all but welcome, which make 

each loaf of bread unique. The amount of water added, for instance, plays a role in the extent of gluten 

development and crumb formation during fermentation. The larger the percentage hydration, the more 

open the crumb, and the greater the mess will be in the kitchen for the inexperienced. In fact, this same 

moisture content also directly affects the shelf-life of our bread. A loaf with greater moisture often 

results in higher water activity for microbial inhabitation, as well as greater starch retrogradation (when 

a slice of bread loses its initial comforting, loving tenderness). Yet the same high level of moisture is 

reversely correlated with rate of staling. And you might be thinking it’s strange to talk about bread so 

scientifically— I fully agree— but that is also what makes it such a compelling study. Through a year’s 

journey in studying food science, these are the technicalities I have learnt to appreciate. 

Now bestowed with some newfound knowledge about the microbes that co-exist with us, I began to 

appreciate the little bread fungi (available in a small packet of Instant Baker’s Yeast) much more. Or 

perhaps, in the forms of dry yeast, cake yeast, sourdough starters. My 14-year-old self certainly did not 

give this much thought; with only the understanding that its addition makes healthy bubbles in the 

dough, allowing it to rise. As inconspicuous as it is, yeast is the reason why we have bread. And we’ve 

learned to turn its carbon excretion to mouthfuls of gems within the warm embrace of an oven; much 

like how we still are harnessing the innate mechanisms of microbes to not only create foods, but to 

generate medicine, eat up our trash, and clean up our oceans. I wonder if the first man to ever make 

bread (or a wheat ball or a grain puff, whatever it may have been called) ever felt the same fascination? 

Now this is a story about the microbes in bread, about their origins— dabbling in cultures and splashing 

in history— and their curious ecology in today’s loaves.  
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Humble beginnings 

Let’s take ourselves back a couple thousands of decades ago, to the time of hunter-gatherers. 

Preceding our 9 to 5s, Monday to Fridays, metropolises and capitalism, hunter-gatherer communities 

were the main societies in which humans lived in. True to their name, they were small, individual groups 

constantly on the go, foraging for survival. Their communities mainly depended on women as the 

collectors of herbs and plants, while men were almost exclusively the hunters (Ember, 2014). The 

transition from these nomadic, small communities to the sedentary, agrarian human civilization was 

none other catalyzed by the domestication of wheat: the Neolithic Revolution.  

 

 

Hunter-gatherer communities: Botswana San women and children (top), Copper Inuit (bottom) (Ember, 2014) 

Farming civilizations first budded in the Fertile Crescent in 8500 b.c., which spans southern Iraq, Syria, 

Jordan, Lebanon, Israel, Palestine, Egypt, and parts of Turkey and Iran (National Geographic, 2019). 

Other independent agricultural civilizations also occurred in China, Mesoamerica, the Andes and 

Amazonia, as well as East United States. Ample with water and rich, fertile soils, crops thrived in these 

places, and so did societies. Exponential increments in population size, the domestication of animals, 

evolution of language, stratification and organization of society, as well as the appearance of 

hierarchical ideology followed (Diamond, 2005). This was, perhaps, our very first step to familiar acres 

of rice paddies, brightly lit hypermarkets, and perhaps even modern accounting today.  

Amidst all these grand developments was the discovery of fermentation, which allowed civilizations to 

prolong the lives of their grains during harsh winters, and protect them against rodents, insects and 

spoilage. Unbeknownst to our ancestors, this was attributed to the domestication of Saccharomyces 
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cerevisiae (the predominant fungal species in baker’s yeast). Its magic of preservation is well 

documented in beer, wine, cocoa and coffee, among many others (Sicard and Legras, 2011). But where 

did it come from? 

S. cerevisiae is hypothesized to have occurred naturally in the environment, rather than to have arose 

or evolved as a result of domestication— but it is wholly difficult to pinpoint exactly where or how this 

mysterious fungus strain originated, given the huge diversity of mapped locations and genetic variations 

it has. For one, both S. cerevisiae and its closest cousin, S. paradoxus, have been isolated from oak trees 

exudates in North America and Europe and various other sources. This has led to postulations that S. 

paradoxus is the true species of wild yeast. This contention was explored in several studies, which then 

ultimately pointed to domesticated S. cerevisiae being derived from its own natural populations in 

brewing, and subsequently baking (Fay and Benavides, 2005).  

Wild isolates of S. cerevisiae have also been found in primeval forested regions of China and Far East 

Asian countries, particularly with more genetic diversity and variations than commercial variants (Duan 

et. al., 2018). In addition, the earliest evidence of beverage fermentation was also documented in DNA 

sequencing of ancient pots excavated from ancient Chinese civilizations in 3150 b.c.; along with genetic 

and phylogeny studies which suggest that China was the first location of domestication of S. cerevisiae 

(Cavalieri et. al., 2003; Duan et. al., 2018; McGovern et. al., 2004). 

Of earthen tombs and peculiar cemeteries 

Subsequently, bread appeared after alcoholic beverages in the history of S. cerevisiae domestication! 

While archaeologic evidence for wine and beer predates that of bread, it still remains unclear whether 

this was truly the case. This is because fermented beverages and their associated microbes are often 

more well-preserved in pots used to store liquids, compared to cooked, burnt or naturally degraded 

bread remains (Carbonetto et. al., 2018). It is especially difficult to conduct paleomicrobiological 

analyses on burnt or heated foods, as microbial DNA may have been damaged or degraded as a result 

of baking. Hence, while it is a possibility that yeast cells were introduced to bread from the natural 

environment, or from alcoholic fermented beverages, it could also be a case were breads preceded 

alcoholic fermentation, and the associated microbes were inoculated in the latter conversely.   

While the very first archaeobotanical evidence of baked bread was found in Northeastern Jordan 

(perhaps something resemblant of flatbread), some 14,400 years ago (Arranz-Otaegui et. al., 2018), 

leavened bread was only documented slightly later in ancient Egypt (Samuel, 1996) and Northwest 

China (Shevchenko et. al., 2014). Surprisingly, preservation of not only food but dead people of the 

past have given us valuable sources to pry into breads of ancient times. Archaeologists have recovered 

miscellaneous ancient bread from graves which reveal telltale signs of yeast and bacteria. In fact, these 

were the sourdoughs of the past: flour and water slurries mixed with natural microbial soups, baked in 

fire.  
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Egypt, for one— with its majestic civilization of pyramids and massive populations of structure-

building slaves— was where mass bread production started to take shape. Hieroglyphic depictions, 

structural remains and items buried with mummies tell an extensive story of bread in ancient Egypt, 

while scanning and optical electron microscopy of preserved bread loaves (perhaps for the journey of 

afterlife) retrieved from tombs filled in the gaps (Samuel, 1996). With emmer wheat and barley from 

the fertile soils of Nile, breads were thought to have been made in earthen pits or mudbrick ovens by 

households in Egypt. Interestingly, the presence of yeast and lactic acid bacteria (although they probably 

weren’t recognized by bread makers at all back then) have contributed to an essential part of an ancient 

Egyptian’s life, whether slave, servant or ruler. Celebrations of grain, dedication to bread production 

and intricate, artistic documentations of bread were very much imbued in their rich culture. In fact, the 

vernacular term “aish” for bread, translates to “life”.  

 

Depictions of bread-making in ancient Egypt 

And in the depths of Subeixi cemetery, located in Northwest China, remains of foods were analyzed 

using proteomics. The proteins sequenced were found to be from barley, broomcorn millet, yeasts of 

the Sacharomycetaceae family, lactobacillus families, lactic acid bacteria families, as well as from 

humans (Shevchenko et. al., 2014). This particular protein composition led to the conclusion that bread 

from the ancient Subeixi communities were leavened, due to the presence of baking yeasts and bacteria 

commonly associated with bread today. Leavening and food processing suggests that there was barley 

cultivation in the region, as well as how this grain was possibly an integral, staple component of diets 

in nearby civilizations. Perhaps the fact that breads were discovered in grave relics also meant that they 

carried significance in burial rituals. In addition, Shevchenko and his team postulated their results might 

indicate the role of the Turpan basin in China as an important route for cultural transfers and 

communications within Eurasia in the past. This is all pretty incredible if you realize that these 

hypotheses were derived from the little microbial footprints in the form of proteins. 

Fast-forward a little; bread making was thereafter disseminated to diverse regions of the world from 

these two origins via trade and travelers. Each culture took this simple recipe, put their own spin on it, 

which has given us this wholesome, wonderful diversity of breads in every nook and cranny of the 

modern world. 
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Let’s get that bread: The Industrial Revolution 

Breads fueled some uniquely significant events following its spread to the globe. In the 11th and 12th 

century, massive population growths led to the creation of communal bread production, taking bread 

making out of homes and into societal structures (Mondal and Datta, 2008). Becoming a baker was 

thereafter a viable job! But breads were also disease-carriers in epidemics of ergotism since the Middle 

Ages to the 20th century, where rye was the main vector for parasitic ergot fungi, which often resulted 

in gangrene, hallucinations, convulsions and death (Lee, 2009). And the term sandwich was coined after 

John Montagu, the 4th Earl of Sandwich, who enjoyed meat tucked between two pillows of bread to 

avoid getting his hands dirty whilst in a game of cards. Behind the sandwich, however, was a rising 

culture of bread’s aristocratic associations and its involvement in conflicts; for instance, the Flour War, 

a prelude to the French Revolution (Bourguinat, 1997).  

The greatest change to bread, however, was in the mid-19th century, where yeast was commercially 

exploited to create affordable, large quantities of bread for the masses. Our favourite French 

microbiologist Louis Pasteur first proved anaerobic alcoholic fermentation by yeasts in an observation 

known as the “Pasteur Effect”, wherein bubbling oxygen into a yeast broth allowed cell growth but not 

fermentation.  

Pasteur’s observations were just in time for the Industrial Revolution and its following population 

explosion, where the slow fermentation of sourdough no longer sufficed. With a comprehensive 

understanding of the fungus’ mechanism, compressed yeasts were first produced in 1792, where strains 

of yeasts undergo multiple fermentations, a maturation period, centrifugation and a filter press to obtain 

compressed yeast blocks with low moisture. Granulated yeasts and active dry yeasts were then 

subsequently introduced in the 1860s, obtained from strains of S. cerevisiae which were more resistant 

to drying processes (Joseph and Bachhawat, 2014). These processes facilitated the development of 

larger bread industries, which were able to utilize the efficiency of commercial yeast to mass-produce 

bread. 
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Production processes of commercial yeast (Joseph and Bachhawat, 2014) 

Notably, not just any yeast is used for these commercial yeasts. There are various desirable properties 

of S. cerevisiae which are preferred, namely fermentative activity, shelf-life, consistency and colour, 

resistance to preservatives, performance in freezing and tolerance to high osmotic pressure, among 

many others (Rose and Vijayalakshmi, 1993). These factors influence the selection of yeasts for 

commercial reproduction, and often boils down to molecular mechanisms of different strains; albeit 

varying across different manufacturers and industries. 

For one, fermentation rates in S. cerevisiae yeasts are controlled largely by enzymes, including 

glycolytic enzymes, regulatory enzymes and various permeases. In particular, sucrose hydrolysis, which 

is performed by invertase, is a crucial determining factor. Most strains of S. cerevisiae yeasts used in 

dough fermentation contain high invertase activities, encoded for by their genes (Evans and Spencer, 

1990). And the longer the baker’s yeast stays in your fridge, the less viable it becomes, bit by bit. The 

decline of fermentative activity, due to the inactivation of the same enzymes in the yeast cell, is also 

genetically determined (Rose, 1979). Hence, commercial baking is actually rather selective with its 

yeasts! Not surprisingly, our good old Gardenia enriched white bread’s taste and aroma also boil down 

to which strains of yeast were responsible for its leavening as well. 
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Beyond Gardenias and Sunshines 

Although industrialization and mass manufacture of bread products have given us the ability to bring 

them to shelves so quickly, consistently and efficiently on a daily basis, the beauty of homemade breads 

are becoming realized today, particularly amidst our current pandemic. Quote, circuit baker! 

And here’s where it gets even more interesting. While commercial yeast manufactured with specific 

strains have given us versatile and hardy yeasts that produce desired leavening in breads, there is much 

greater variation in the bread microbiome at home. In particular, the greatest diversity of microbes in 

the dough community are from sourdoughs, which are breads made from naturally occurring yeast and 

bacteria in a metabolically active starter culture. Starter cultures often contain predominant strains of 

both yeast (including S. cerevisiae), as well as lactic acid bacteria, which accounts for the sourness and 

flavour complexity associated with sourdough products. In fact, lactic acid bacteria far outnumber yeast; 

the ratio of the former to latter is roughly 100:1 (Ottogalli et. al., 1996).  

Countless factors could introduce a diversity of microbes into a sourdough starter, including climate, 

type of grain or flour, storage conditions, geographic location, or perhaps even the baker who prepared 

it. These cultures could be started using just water and flour (nothing else needed, bubbling will ensue), 

or they may have been passed down from generation to generation, from one end of the globe to another, 

which will also influence their composition. Scientific analyses also note that endogenous factors, such 

as pH, redox potential, substrate availability, concentrations of microbial products like lactate, acetate 

and carbon dioxide can also heavily influence the microbial consortium in a starter (De Vuyst and 

Neysens, 2005).   

The Global Sourdough Project (Dunn et. al., 2020) was started for the very reason of attempting to 

identify and map the prominent microorganisms found in our sourdoughs via metagenomic analyses. 

Of 567 starter cultures sampled from North America, Europe and Oceania, the predominant strain of 

yeast identified was S. cerevisiae (no surprise here), as well as yeasts from the Kazachstania, Candida 

and Naumovozyma families. Whereas the main bacterial strains identified were mostly from the 

Lactobacilli, Lactobacillaceae, Weissella, Leuconostoc and Pediococcus species. What are all these 

tiny organisms doing, hanging around in our cultures?  
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Strains of Kazachstania yeast (Landis, 2018) 

Well, it boils down to whether the respective yeasts and bacteria are able to thrive in the peculiar culture 

of wet flour slurry. For one, sourdough is abundant in carbohydrates, and has an initial pH of roughly 

5.0-6.2, which allows for the spontaneous cultivation of lactic acid bacteria, characteristic of most 

sourdough starters. Not only so; most lactobacilli are adapted to use flour carbohydrates (maltose and 

fructose) as their main source of metabolism, which lets them thrive in this niche environment. 

Additionally, sourdough lactobacilli have also been observed to possess adaptive responses to stress, 

including varying temperatures, high acidity and starvation (when cultures are not “fed” with new flour). 

Whereas pertaining yeasts, it might be noteworthy that S. cerevisiae is not naturally occurring in 

sourdough starters, but only present or inoculated with baker’s yeast (De Vuyst and Neysens, 2005). 

Variability in the presence of other yeast species in starters is also attributed to various factors, such as 

grain type, hydration level of the culture, leavening temperature and maintenance temperatures (Gobetti 

et. al., 1994). Hence, it could perhaps be inferred that climate and geographic factors do affect the 

diversity of sourdough starter cultures worldwide due to temperature and humidity differences. Perhaps 

there too exists a unique cocktail of microorganisms in starter cultures made from Phoon Huat bread 

flour, standing tall in Singapore’s summary weather. 

Interaction between lactic acid bacteria, other bacterial strains and yeast species within this 

neighbourhood also decides who stays and who leaves. Naturally, there exists some sort of harmony 

between the microorganisms, attributed to their differences in carbohydrate metabolism. Some strains 

of bacteria and yeast hydrolyze different types of substrates in the starter medium, which allows for co-

existence within the tight space. For instance, strains of lactic acid bacteria prefer maltose as the main 

medium for metabolism. The maltose, broken down to simpler glucose, are taken up by maltose-
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negative yeasts which utilize glucose, fructose and sucrose for energy (De Vuyst and Neysens, 2005). 

Depending on the types of microbes present and their various competitive or co-existing relationships, 

microbes establish stable communities which are sometimes preserved for years, and up to decades. 

Not only does this stability provide consistency each sourdough loaf, it also inhibits the colonization of 

harmful bacteria or fungi by outcompeting them for limited food.  

A healthy ecosystem of bacteria and fungi in this neighbourhood then translates to acidity, flavour and 

nutritious loaves of bread. I’ve never had a slice of homemade sourdough before, but even the flavours 

are distinctly different in commercial breads made with active sourdough cultures! Perhaps this was 

why bread never ceased to lose its popularity in civilizations around the world. If our great great great 

great great grandmothers from the past made leavened bread their staple food, it’s good enough a sign 

of approval, right? 

Although the microorganisms, unfortunately, are put to rest in the warmth of an oven, the products of 

their metabolism remain— which then feeds us. Apart from the hedonistic qualities associated with 

sourdough bread, the result of fermentation by a diverse group of lactic acid bacteria and yeasts is 

translated to significant nutritional qualities. Sourdough has a lower glycemic index compared to breads 

made solely with baker’s yeast (S. cerevisiae perhaps is not the strongest contender here), attributed to 

the extent of hydrolysis of simple carbohydrates in the dough (Abbondio et. al., 2019). In addition, 

hydrolysis of native wheat proteins is also carried out by various lactic acid bacteria, which generate 

free amino acids and peptide products, contrary to yeasts (Rizzello et. al., 2019).  

And as the saying goes: you are what you eat, these microbial communities in sourdough can have an 

impact on our health and the very microbes in our gut. One example: it is well documented that 

sourdough is associated with reduced risks of colon cancer due to its higher composition of complex 

starches that take longer to digest. These starches reach the colon, where it feeds colonic microbial 

colonies, which in turn help to control inflammation in our guts (Van der Beek et. al., 2017). An ocean 

of research exists on other such interactions of sourdough bread and our guts— these huge varieties of 

starter cultures, along with grains and fermentation times, could have invisible but tangible effects on 

our breads and consequently, our health.  
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Bread for thought: Concluding Remarks 

The common baker’s yeast, S. cerevisiae, as well as lovable lactic acid bacteria, have greatly shaped 

leavened breads up till today. In fact, these very microorganisms are also found in various other 

foods: from beer to chocolate to kimchi and sauerkraut. The possibilities that surround these microbes 

are, quite frankly, endless; there’s even yeast in the air that surrounds us! But much as they have 

influenced our culture and histories through the humble bread (or pain or pão or aish), perhaps we 

might also have shaped the way their ecologies and evolution in the short span they have co-existed 

together with Mankind in ways we never imagined. But that will be a wholly different story for 

another day.  

Hopefully this essay has provided you a glimpse into the world of archaeology, history, microbiology 

and food engineering through the lens of this wonderful slab of carbohydrate. The world of microbes, 

while seemingly niche, is actually invariably intertwined with almost everything we know. If we take 

a step away from the usual things we associate microbes with— diseases, ecologies, the coronavirus 

for sure—, a whole new venture of somewhat curious pursuits emerges. My daily toast ended up 

becoming an unexpectedly compelling study, and I thoroughly enjoyed becoming a little bit of what 

you may call an expert on bread trivia, albeit the struggles and frustration of research. Breadventures 

don’t stop here! 
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