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• What is fermentation
• Wild ferment vs. using a starter culture

• FATTOM

• Different fermentation processes and food safety concerns

• Biogenic amines 

• Examples of fermentation processes

Outline: 



Fermentation 

Presenter
Presentation Notes
Has anyone had fermented food in the past week? 
A number of the day to day food we consumed are fermented products, such as:
Bread, dosa, idle
Fermented vegetables such as sauerkraut, kimchi, 
Fermented milk products (e.g. keifr, cheese, yogurt)
Fermented nuts chesses (fermented cashew nut)

Fermented meats (e.g. chorizo, salami, saucisson)

And even chocolate 

Other fermented beverages (e.g. kombucha, vegan kefir, Fermented fish (e.g. Fesikh, Nagari) 

Fermented grains, beans and legumes (cereal, natto, tempeh, dosa/idli)
Fermented nuts (fermented cashew nut)
Coffee
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• “Ferments are the creative space between fresh and rotten food, where most of human culture’s most 
prized delicacies and culinary achievements exist”. (Katz. S, The art of fermentation: 2012)

• A metabolic process where microorganisms’ organisms convert carbohydrates, such as starch or sugars, 
into alcohol, acids and other by-products. 

• Preserves foods that would otherwise spoil and increases the shelf-life. 

• Fermentation can be: 
• Wild (a natural process where microorganisms can be naturally occurring on the surface of food) or 
• Cultured (microorganisms deliberately added to the food) 

What is Fermentation

Presenter
Presentation Notes

The word “ferment” comes from the Latin verb “fervere,” which means “to boil.” Ironically, fermentation is possible without heat.

The use of fermentation, particularly for beverages, has existed since the Neolithic and has been documented dating from 7000 to 6600 BCE in Jiahu, China Historically, food fermentation was performed as a method of preservation, as the generation of antimicrobial metabolites (e.g., organic acids, ethanol and bacteriocins) reduces the risk of contamination with pathogenic microorganisms. Fermentation is also used to enhance the organoleptic properties (e.g., taste and texture), with some foods, such as olives, being inedible without fermentation that removes bitter phenolic compounds. (doi: 10.3390/nu11081806) 

During the fermentation process, these beneﬁcial microbes break down sugars and starches into alcohols and acids, making food more nutritious and preserving it so people can store it for longer periods of time without it spoiling.
Fermentation products may provide enzymes necessary for digestion. 
Fermentation also aids in pre-digestion. During the fermentation process, microbes will consume the available sugars and/or break down the complex carbohydrates of the foods substrate to form simpler sugars, and use them to form acids, gas and other chemicals, for e.g. ethanol. 
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• Naturally occurring fermentations.

• The result of microorganisms already present on the food substrate, or on 
the equipment and utensils that contact the food substrate. 

• Commonly occur with the aid of added salt (e.g. kimchi) or can also occur 
spontaneously (e.g.  fermented lemons)

• Food safety concerns with wild fermentation: 
• Situations where there are possible low number of wild microorganisms present 

for fermentation 
• Poor conditions for the fermentation, e.g., (temperature is too high or too low, 

pH is not lowered fast enough to prevent growth of pathogenic organisms)

Wild Fermentation

Presenter
Presentation Notes
The microbial agent in the wild ferment can vary from lactic acid bacteria, to yeast and mold. 

*** explain each point for example temperature is too high or too low e.g. Most the optimal growth range for most LAB is between 20-35°C.
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• Desirable microbial agents are added to initiate fermentation.

• Using starter culture can shorten the fermentation time and may lead 
to reduction in the likelihood of growth of pathogenic microorganisms 
and mold.

• Example of microbial agents added: 
• Lactic Acid Bacteria (LAB) 
• Yeast (e.g. Saccharomyces cerevisiae)
• SCOBY 
• Kefir grains

• Backslopping (addition of a small amount of a previously fermented 
batch to the raw food e.g. sourdough bread), is another

Fermentations using starter culture

Presenter
Presentation Notes
Examples include  kefir, kombucha and natto
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• Food

• Acidity

• Time 

• Temperature

• Oxygen 

• Moisture 

How Does Fermentation Preserves and Increases The Shelf-life of 
Food

FATTOM
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• Acidic fermentation 
• Lactic acid fermentation: Lactobacilli bacteria (LAB)  sugar lactic acid
• Acetic acid fermentation: Acetobacter bacteria  alcohol  acetic acid

• Alkaline fermentation 
• Bacillus or Fungi (e.g. Geotrichum) Protein  ammonia 

• Ethanol fermentation/alcohol fermentation 
• Yeast sugar and carbohydrates alcohol + carbon dioxide 

• Symbiotic culture of bacteria and yeast/SCOBY based and combined fermentations (more than 
one type of starter microorganisms are used)
• symbiotic culture (e.g. bacteria and yeast) sugar alcohol + acetic acid

Different Fermentation Processes

Presenter
Presentation Notes
Fermented foods may be categorised in different ways, for example (1) by the end-product category, (2) by the actual food substrate or food undergoing fermentation; (3) by the common name of the fermented food; or (4) by the microbial fermentation agent. 

Lactic acid: Yeast strains and bacteria convert starches or sugars into lactic acid, requiring no heat in preparation. These anaerobic chemical reactions, pyruvic acid uses nicotinamide adenine dinucleotide + hydrogen (NADH) to form lactic acid and NAD+. This method makes sauerkraut, pickles, kimchi, yogurt, and sourdough bread.

Alkaline fermentations are most often dominated by species from the genus Bacillus of which Bacillus subtilis is the most frequently reported species. Other reported bacterial genera are Staphylococcus, Enterococcus, Micrococcus, Propionibacterium, as well as fungi like Geotrichum candidum.10 Bacillus subtilis is a bacterial species that is known to possesses strong proteolytic activity11; species from other bacterial genera and fungi were also identified as proteolytic in other food products.12-14 Proteolysis initiates the degradation of proteins and during the degradation of proteins and amino acids ammonia is generated which neutralizes the acids and increases the pH of food. Acids are additionally removed by oxidative fungi (e.g., Geotrichum candidum) in a similar process as in aging of bloomy rind cheese. Fish with high levels of urea in their tissues such as skate and shark also release ammonia during wild fermentations with variable fermentative bacterial genera present on the fish skin (e.g., Photobacterium, Vibrio, Pseudomonas, Psychrobacter).15,16 
Examples: Natto, Dawadawa, Ogri, Honge

Acetic acid fermentation. Starches and sugars from grains and fruit ferment into sour tasting vinegar and condiments. Examples include apple cider vinegar, wine vinegar, and kombucha.

Ethanol fermentation/alcohol fermentation. Yeasts break pyruvate molecules—the output of the metabolism of glucose (C6H12O6) known as glycolysis—in starches or sugars down into alcohol and carbon dioxide molecules. Alcoholic fermentation produces wine and beer.
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• Low pH (pH < 4.6)

• Involve lactic acid bacteria, i.e., produce lactic acid, some produce other acids (acetic, malic, 
etc.)

• Need source of sugar

• Some produce CO2

• Don’t need oxygen

• Sensitive to temperatures (e.g. optimal LAB fermentation temperature is 20°C to 25°C)

Combination of low pH and competitive microflora contributes to the safety of the LAB 
fermented food.

Common Features of LAB Fermentation 

Lactic Acid bacteria 

Presenter
Presentation Notes
Acidic fermentation using LAB products are commonly made by smaller producers, and restaurants. 

Note that LAB are not a single bacteria – it refers to dozens of different types of bacteria. They are common in nature and are often associated with plant materials. They can also be found as part of the resident microflora of humans and other mammals (e.g., oral cavity, GI tract) 

LAB may be rods or cocci, are Gram-positive and are generally more tolerant of low pH environments
it is assumed that LAB are organisms that produce lactic acid as the principle by-product of sugar fermentations. But may produce other acids such as acetic and malic. CO2 is another possible by product of LAB fermentation
They need sugar for nutrient
Sensitive to temperature with optimal growth temperature of around 20-25 degree C,
Depending on the LAB organisms they could be anaerobic
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• Also referred to as high alkalinity curing.

• Results in a product with high pH (above 7). 

• Starter culture most often includes Bacillus spp. and/or fungi (e.g. 
Geotrichum candidum).

• Processing can include a soaking step (food safety actions include 
acidification of water or soaking under refrigeration).

• Foods produced with alkaline fermentation or alkaline processing may still 
require other intrinsic and extrinsic factors (i.e., water activity and 
refrigeration) to assure safety. 

Common Features of Alkaline Fermentation 

Bacillus spp. 

Presenter
Presentation Notes
Characteristic of this fermentation is usually High pH above 7, sometimes it is referred to as alkaline curing 

Food in this group include Tempeh, miso/koji (using Aspergillus which is a fungal and Bacillus a bacteria used for making natto

IN BC EHOs we’ve found Chefs using these techniques to ‘preserve and extend shelf-life’ all kinds of foods, some of them quite novel/unique including growing Aspergillus onto scallops (scary!)
Alkaline fermentations are most often dominated by species from the genus Bacillus of which Bacillus subtilis is the most frequently reported species. Other reported bacterial genera are Staphylococcus, Enterococcus, Micrococcus, Propioni bacterium, as well as fungi like Geotrichum candidum.10 Bacillus subtilis is a bacterial species that is known to possesses strong proteolytic activity; species from other bacterial genera and fungi were also identified as proteolytic in other food products. Proteolysis initiates the degradation of proteins and during the degradation of proteins and amino acids ammonia is generated which neutralizes the acids and increases the pH of food. Acids are additionally removed by oxidative fungi (e.g., Geotrichum candidum) in a similar process as in aging of bloomy rind cheese. Fish with high levels of urea in their tissues such as skate and shark also release ammonia during wild fermentations with variable fermentative bacterial genera present on the fish skin (e.g., Photobacterium, Vibrio, Pseudomonas, Psychrobacter).
Examples: Natto, Dawadawa, Ogri, Honge
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Food Safety Concerns

11

• The main concern with fermentation is 
from raw materials and fermentation 
failure

• Fermentation does not replace general 
food safety principles (i.e., food hygiene)

• Other areas of concern are:
• Delayed/stunted fermentation
• Insufficient salt
• Poor sanitation and post ferment handling and 

process 
• Contamination by spoilage microorganisms (yeast 

and moulds, polysaccharide producers)

Pathogens/by-products of concern
• Biogenic amines
• Alcohol 
• Moulds (mycotoxins)
• Listeria monocytogenes
• Salmonella
• E. coli O157:H7
• Staphylococcus aureus
• Clostridium botulinum 

Presenter
Presentation Notes
Biogenic amines (BAs) can be produced by microbes in fermented foods, such as fermented soybean products, vegetables, cheeses, sausage, and fish. Normal intakes of BAs do not cause illness as intestinal amine oxidases break down and detoxify the BAs.16,17 If large amounts of biogenic amines are ingested, or if amine oxidase activity is inhibited, then acute toxic symptoms can occur such as nausea, respiratory distress, hot flushing, sweating, heart palpitations, headache, bright red rash, burning sensations in the mouth, alterations in blood pressure, diarrhea and hypertensive crises.

The main BAs are histamine, tyramine, β-phenylethylamine, putrescine, cadaverine and spermidine. Operators manufacturing fermented foods are not required to test for BAs in their products. 
If a fermented food is linked to foodborne illness in consumers, inspectors are recommended to consider testing for BAs if symptoms and onset of illness in cases fit suspected BA illness
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• BAs are organic, basic, nitrogenous compounds, mainly formed through 
decarboxylation of amino acids. 

• The main BAs are histamine, tyramine, β-phenylethylamine, putrescine, 
cadaverine and spermidine

• Can be by-product of fermentation of soybean (natto, miso), dairy 
(cheese), vegetables (kimchi), meat (sausages), and fish (fish sauce, 
fesikh). 

• There are no required testing of BAs in fermented food

Biogenic Amines (BAs)
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• Consumption of large amount of BAs can result in: 
• Nausea
• Respiratory distress 
• Hot flushing and sweating
• Heart palpitations 
• Headache
• Bright red rash
• Burning sensations in the mouth 
• Alterations in blood pressure
• Diarrhea 
• Hypertensive crises
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• Maintaining hygienic food production: 
• the facility is clean and sanitary, 
• handling practices are hygienic to limit bacteriophages and bacteria that interfere with the culture process; 

• Optimizing the fermentation, for example: 
• regulating time, temperature, moisture content and salt concentrations, 
• using good quality ingredients; 

• Purchasing commercial starter culture and/or verifying quality starter culture

• Monitoring expected culture activity occurs within correct timeframe 

• Monitoring for expected pH

Lower the risk of Biogenic Amines by: 
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• Fermented Cabbage 

• lactic acid bacteria (LAB) 

• Commonly wild, can use back-slopping. In large industry starter culture is used to control fermentation.  

• Cabbage is chopped, mixed with salt at optimal concentration of 2.25% (range 0.8 to 3% NaCl), and 
fermented for weeks to months at15°C to 20°C with upper limit of 25°C and lower limit of 10°C 

• Final product has a pH of 4.2 or below.
• Hazards of concern include: 

• Spoilage yeasts and molds that grow on surface
• E. coli from unsanitary conditions, and pathogens on raw materials including Salmonella, Listeria and Clostridium

spp., however, these are unlikely to survive acidic pH development during fermentation
• Biogenic amine formation

Sauerkraut

Presenter
Presentation Notes
Sauerkraut is an example of Acidic fermentation, it is commonly a wild ferment and uses the existing LAB on cabbage. In industry in larger facilities a starter culture is used 
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Sauerkraut 
Process Flow 
and Control

Presenter
Presentation Notes
To limit microbial contaminants, cabbage must be prepared and trimmed by removing outer leaves, and rinsing off soils with potable water
Following preparation, cabbage should be sliced, salt added, placed in a container with the top weighted down in a manner to exclude air, thereby creating an anaerobic environment for LAB fermentation to begin immediately. 
Packing and filling of ferment container should be done quickly; cabbage should be adequately weighted down; cabbage and salt must be in contact to allow water from cabbage to enter into brine creating an anaerobic environment for optimal LAB growth
Risk from metal blades and slicing of cabbage may be mitigated using metal detector prior to packaging
Optimal salt concentration is 2.25% (range 0.8 to 3% NaCl)
Optimal temperature is between 15°C to 20°C with upper limit of 25°C and lower limit of 10°C
initial fermentation ideally begins immediately with bubbles visible within 24 hrs and at latest 48 hrs
Gas formation in the first 48 hrs may cause heaving, gas should be vented or purged or brine drained to allow cabbage to settle
Fresh sauerkraut can be packaged when pH is below 4.2 and when total acidity (lactic acid) reaches 1.5% or higher.3  Lactic acid content should be measured for fresh sauerkraut as this ensures there are no further fermentable carbohydrates, so that yeasts will not convert them to excess alcohol.1  
Fresh sauerkraut must be refrigerated, packaging into jars, cans, or vacuum packs are all considered a form of reduced oxygen packaging (ROP).
Sauerkraut intended to be pasteurized (cooked) is finished when pH is 4.2 or below. It is room temperature stable once packaged. A boiling water bath method is sufficient to seal containers.
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• Fermented fish

• Organisms involved in fermentation are Lactobacillus casei and Lactobacillus spp.

• Wild fermentation

• Fish is washed, eviscerated, salted and fermented. The ingredients are fish (typically mullet) and salt

• Final product has a pH of < 6.5 and product is refrigerated. 

• Hazards of concern include: 
• Clostridium botulinum 
• Biogenic amine formation (histamine and tyramine)

Fesikh

Presenter
Presentation Notes
Fesikh is an example of an alkaline fermentation. It is a traditional Egyptian fermented fish. 
Fermented fish are typically made from rich or semi-fatty fish; mullet and shad are the most commonly used fish.
C.Botulinum has been associated with not eviscerated fesikh. In a study done in Egypt fesikh was found to have high levels of histamine and tyramine. 
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• Use fresh fish and store at 3.3°C or lower

• Wash and eviscerate the fish prior to fermentation

• Use appropriate salt concentrations (6-10% concentration) 

• Ensure the recommended final pH (pH<6.5) and water activity (Aw<0.97) 
parameters are achieved

• Refrigerate fish during storage to increase shelf life

• Post-processing such as heat treatment (i.e. exposed to temperature over 
85°C for 5 minutes) is recommended, as it can reduces the risk of 
botulism. 

Food safety measures for fesikh

Presenter
Presentation Notes
Clostridium botulinum illnesses, outbreaks are associated with uneviscerated fesikh. In Ontario we had both illnesses and recalls of this product. 
You can tell if the fish is fresh by
Smell; avoid using fish that has fishy, sour or ammonia-like smell 
Eyes; fish’s eyes should be clear and shinny
Flesh: fresh fish has a firm flesh. The flesh should spring back when pressed.
Discoloration or darkening; avoid fish that has discoloration, darkening or drying around the edges
Or by measuring the total volatile basic nitrogen (TVB-N). The TVB-N can be used for a measure of freshness; for example for white fish the TVB-N should be <20mg N/100g
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Fesikh Process 
Flow and 
Control 

Presenter
Presentation Notes
Generally, fresh fish is obtained, washed, eviscerated, and then placed in plastic or wood draining trays to drain. The fish should be kept at 3.3. degress or lower during drainage. Using a fresh fish reduces the risk of BA by product. Next, the fish are layered in barrels with 10-15% (w/w) coarse salt in between each layer, as well as at the top and bottom of the barrel. Only salt and fish are added to the barrels. The concentration of salt should be between 6-10%.17 Barrels should be sealed with airtight lids. Over the course of weeks, as the salt starts to draw liquid out of the fish, weights are placed on the fish so that they do not float in the liquid. The fish and salt remain in the barrels for 1 week to up to months. An adequately salted fish has thiobarbituric acid (TBA)  of less than 3. The finished product should have a final pH between 6-6.5, and a water activity below 0.97. The shelf life of fesikh is between 2 weeks for lower salt levels (6%) and up to 3 months if higher salt levels (10%) is used. Prepared fesikh should be stored at 4.0°C or below.
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• Historically, fermentation is performed as a method of food preservation, where if 
done correctly, microorganisms break down sugars and starches into ammonia, 
alcohols and/or acids, preserving food so people can store it for longer periods of time 
without it spoiling.

• Main food safety concerns with fermentation are: 
• Contaminated raw materials and
• Fermentation failure/delayed or stunted fermentation

• A food safety plan or process flow can assist with safe production of fermented 
products. 

In Summary 
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For more information about this presentation contact: 
• Naghmeh Parto: naghmeh.parto@oahpp.ca

mailto:naghmeh.parto@oahpp.ca
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