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Life Science: Fermentation Lab Activity 
Introduction
Fermentation is a process that harvests energy from food without the presence of oxygen. Normally, in cellular respiration, oxygen is the terminal electron acceptor in the electron transport chain and the product of NADH from glycolysis carries electrons to be donated in the ETC to generate more ATP by oxidative phosphorylation. 
In fermentation, glycolysis is the only step of cellular respiration that is used to generate ATP by substrate phosphorylation. In fermentation, NAD+ is the electron acceptor and is regenerated in the process. NADH, pyruvate, and ATP are products of glycolysis. In subsequent steps, the pyruvate is further broken down to acetaldehyde which is further reduced to ethanol in ethanol fermentation. Carbon dioxide is also a product. 
In lactic acid fermentation, the pyruvate is converted to lactic acid. Cellular respiration generates 36 ATP molecules per molecule of glucose in eukaryotic organisms. Fermentation produces only 1 or 2 ATP per molecule of glucose, so organisms will use oxygen to generate ATP whenever it is available before carrying out fermentation when oxygen is absent. 
Directions
1. Watch the 10-minute PBS video called, “Food Fermentation” found at this link http://www.pbs.org/video/2365783146/.
You may need to watch if more than once to get all the information.
2. Answer the following questions from the information in the video. And please use sentences and paragraphs for the answers to most questions:
a. What is the difference between canning to preserve foods and fermentations to preserve foods? 
Canning involves killing all the bacteria in food with heat in order to make sure all the bad bacteria are dead, in the process killing the good bacteria. The preservation by Fermentation involves cultivating the bacteria in food, which release acids that preserve foods and removal toxins.
b. Describe 6 fermented foods or drinks that were discussed in the video.
· Kombucha: This is a fermented beverage made from three ingredients; finished Kombucha referred to as starter tea, symbiotic community of bacteria and yeast referred to as the mushroom, and freshly brewed sweet tea.
· Pickles: these are fermented vegetables especially cucumber made by adding salt to activate the halophilic bacteria already in cucumber.
· Kefir: this is a fermented milk beverage that tastes like yogurt but it is creamier, contains more fat than yogurt. It is made by adding kefir grains to milk (kefir grains are not grains as such but are grain-like colonies of lactic acid bacteria and yeast that resemble cauliflower in appearance). 
· Sauerkraut: this is a fermented cabbage made placing cabbage in the appropriate conditions of temperature (room temperature) and salt to activate lactic acid bacteria necessary for the fermentation process.
· Yogurt: this is a fermented drink made by adding a starter culture to milk that is already heated to kill all the other bacteria.
· Kvass: a fermented drink made through the natural fermentation of rye bread and addition of fruit flavors.
c. Discuss the nature of probiotics or probiotic vegetables: what are they?
Priobiotics are live bacteria and yeasts present in fermented foods especially vegetables. They are good for the body especially the digestive system. They are “helpful” and keep the gut healthy.
d. Explain 4 benefits of eating fermented foods or vegetables that was explained in the video, listen carefully and make sure your answers are complete.
Fermented foods or vegetables have a variety of health benefits to those who eat them. The fermentation process synthesize vitamins thus increasing the vitamin content of fermented foods more from those in raw/ cooked vegetables. The process also produces an array of enzymes with numerous health benefits. Toxins are depleted in the process and this was confirmed by a study in Germany on sauerkraut where organic cabbage and pesticide cabbage were used. After fermentation, the two cabbages; organic and pesticide cabbage had similar pesticide load. Fermentation had destroyed the pesticide load. Fermented foods are easier to digest as the microbes break down materials that are hard for the body to assimilate. Additionally, the process yields diverse and special flavors that cannot be replicated through any other process.
e. Why is salt used in fermenting vegetables?
Salt is added during the fermentation process to give the halophilic bacteria the right conditions for growth and action, and destroy halophobic bacteria that are not needed in the fermentation process.
f. Define halophilic and give an example organism that is halophilic that we want in our fermented food and one that is halophobic that we do not want growing in our processed foods.
Halophilic organisms are salt loving organisms that thrive in the presence of salts. Lactic acid bacteria are halophilic organisms that facilitate the fermentation process. Halophobic organisms thrive in salt-free conditions moreover; they die in the presence of salts.
3. Design a hypothetical meal that is based on fermented foods with at least 4 items/courses/dishes/beverages etc. that are the product of fermentation. Optional - If desired – eat the meal that you plan, or one or more parts of the meal. Here are the parameters:
a. There should be 4 separate foods/dishes/items/beverages etc.
b. One should be a beverage
c. One should be a dish/food that has protein food
d. One should be a vegetable-based dish or food
A meal with all the essential nutrients (proteins, vitamins, and sugars) comprising of fermented separate dishes may be as follows:
· Kombucha (fermented beverage)
· Sauerkraut (vegetable-based with vitamins)
· Miso (fermented soybean dish with high protein content)
·  Pickled fruits
4. For each of the foods/dishes/items/beverages etc. answer the following questions and put this information in the form of a Table with a Table legend. You will make the table - The Table should have 5 columns and 5 rows. The Legend should describe the Table and be written above the Table.
a. Name of fermented food
b. What is the food made of?
c. What microbial organisms contribute to the fermentation of the food? – be as specific as you can
d. What in the classification group of the organism (what kingdom does the fermenting organism(s) belong to?
e. What type of fermentation (lactic acid or alcoholic or other) is used to make the food?
	Food type
	What the food is made of
	Which microbial organism contribute to the fermentation process
	Classification group of the organism
	Type of fermentation (lactic, alcoholic, or other)

	Kombucha
	Brewed sweet tea
	Symbiotic acetic acid bacteria and osmophilic yeast
	Kingdom Monera- Family Acetobacteriaceae & Kingdom Fungi
	Alcoholic

	Sauerkraut
	Cabbage
	Lactic acid bacteria ( strains of Lactobacillus, Leuconostoc, Pediococcus)
	Kingdom Monera- Family Lactobacillaceae
	Lactic acid

	Miso
	Soybeans
	Koji (the fungus Aspergillus oryzae)
	Kingdom Fungi- Family Trichocomaceae
	Alcoholic

	Pickled fruits
	Fruits such as apple, pineapple, plums, grapes, olives, etc
	Lactic acid bacteria
	Kingdom Monera- Family Lactobacillaceae
	Lactic acid




Questions
1. Is fermentation an aerobic or anaerobic process? – Explain. 
Fermentation is an anaerobic process. Anaerobic organisms incompletely break down food substrates, as they do not need terminal electron acceptors like oxygen, to produce acids such as acetate and succinate. The result is foods with new flavors and elevated nutrient content. If it was to be aerobic, the food substrate would be broken down to energy, carbon iv Oxide and water, which are the final products of respiration.
2. What sugar is fermented in cellular fermentation? – Explain. 
Cellular fermentation use glucose to generate pyruvate which is then fermented to either lactic acid or ethanol depending on the organism in the initial stages of the breakdown process. In the absence of oxygen, NADH act as the terminal electron acceptor in the fermentation process to breakdown the pyruvate to acid and energy. The process is self-replenishing with NADH being regenerated from NADPH.
3. What are the products of ethanol fermentation in yeast? – hint, your text will help.
The products are ethanol, energy, and carbon IV oxide. The process is important in bread baking where the carbon IV oxide forms bubbles and make the dough to rise.
4. What are the products of lactic acid fermentation in bacteria? - hint, your text will help.
The products of lactic acid fermentation are lactate, which is lactic acid in solution, and energy.
Conclusion
Fermentation is a very vital process in the food industry. The process aids in the production of nutrient-rich foods to various flavors. The protein content of vegetables, which are vitamin-rich foods, is enhanced for example in sauerkraut. In consuming a meal of purely fermented products, one get to experience new tastes and flavors of the same food he/she has been used in the locality in their unfermented form. The different types of fermentation generate different products with diverse uses. Lactic acid fermentation produce lactate as the product which give substrates such as milk a new flavor and texture while ethanol fermentation produce carbon IV oxide which is necessary in the bread baking to rise the dough and ethanol which is an essential raw material in beer and wine industries. Thus, fermentation is such an important process driven primarily by microorganisms.
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