Biofuel Blast

ENVIRONMENTAL SCIENCE

Key Concept:
How biofuels are made through the pro-
cess of fermentation

Grade Level: 1-7
Education Subject: Science

Success Indicator:
After participating in this activity, learners
will be able to:

» Explain that sugar in corn and other
cellulose (plant materials) can be
converted into biofuels through
fermentation.

» Conduct a science experiment.

» Demonstrate how to compare and
contrast treatment results from an
experiment.

National 4-H Curriculum:

2009 National 4-H Science Experiment

Biofuel Blast, 4-H National Youth Science

Day

Materials and
Methods

Preparation Time:
10-20 minutes

Lesson Time:
45-60 minutes; 10 minutes (or lon-
ger) to observe bottle

Space: Any

Materials:

» Clean, empty 20-ounce plastic
water bottles with caps (one
per learner and two additional
bottles to be used as controls;
fewer if learners will be working
in groups)

» White granulated sugar (3
tablespoons per learner or group
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if learners will be working in
groups)

» Warm tap water (enough to half
fill each plastic bottle)

» One packet (equal to 1
tablespoon if using a jar or bulk
package) of active dry yeast or
dry quick-rise yeast per learner
or group

» 9-inch latex balloons (one per
learner; use nonlatex balloons if
you or any learners are allergic
to latex)

» Scissors (one per group)

» String or yarn to measure
diameter of balloon

» Measuring tape or ruler (one per
group)

» Small plastic or paper funnels
(one per learner)

Instructions:
Preparation time:

Read through the activity and gather the supplies from the materials

list.

Lesson time:

1. Tell the learners they’re going to learn about biofuels in this activ-
ity. Read aloud or paraphrase the following:

Yeast breaks down sugars to get energy, the same way that eating
sugars gives your body energy. In the process, the yeast releases
two waste products: carbon dioxide (the same gas that you exhale)
and ethanol (a liquid that can be used as a biofuel). Ethanol is mixed
with water in the experiment and is invisible.

Ethanol is a type of biofuel energy obtained from recently har-
vested plant materials. (Fossil fuels such as coal or oil are sources of
energy from plants and animals that died a very long time - millions
of years - ago.). The sugars inside of corn kernels can be broken
down by yeast to make carbon dioxide and ethanol. In a chemical
plant, the ethanol is removed from the mixture to make a fuel that

is mixed with gasoline and sold at some gas stations. You may have
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Vocabulary:

Biofuel - A fuel (a material that can be
burned as a source of energy) that comes
from recently harvested material such as
corn kernels, as opposed to fossil fuels
such as oil and gas, which come from ma-
terial that died a long, long time ago.

Carbon dioxide - A gas that is released
when you exhale; is a product of fermen-
tation of sugars by yeast in this experi-
ment; and is implicated in global warming
when present in high levels in our atmo-
sphere.

Cellulose - A major component of plant
material; it is not digestible by humans
and is part of dietary fiber. It is the most
common organic compound on earth.

Circumference - A measure of the dis-
tance around a sphere.

Control - A part of a scientific experi-
ment that acts as a standard and does not
include the variable being tested.

Ethanol - A liquid produced by the fer-
mentation of sugars by yeast; it can be
mixed in a refinery with gasoline and used
as a fuel in car engines.

Fermentation - Generally, the process

by which organisms such as yeast break
down substances for energy without using
oxygen. In this experiment, the fermenta-
tion of sugars by yeast produces energy
for the yeast and releases carbon dioxide
and ethanol as waste products.

Fossil fuels - Sources of energy such as
coal and oil, which come from plants and
animals that died a very long time ago.

Renewable energy - Energy from sources
such as the sun or wind that can be re-
plenished.

Variable - Something that can vary, or dif-
fer, in a scientific experiment.

Yeast - A type of fungus that is made up
of only one cell per organism (as opposed
to a mushroom, for example, which is a
fungus that is made up of lots of cells per
organism).
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noticed this at the gas pump, where signs may read “E10,” which
means the fuel mixture is 10 percent ethanol and 90 percent gaso-
line.

In the United States, most ethanol is made from corn. In this experi-
ment, we’re going to observe how yeast can break down processed
sugars (such as granulated sugar and sugars found in corn syrup)
through fermentation. We’ll also see if yeast can use other plant
products to make biofuels.

. (Note: Depending on your space, time and equipment constraints,

you may want to have the learners work in small groups. For sim-
plicity, these instructions are written as if the learners will be work-
ing individually.) Have the learners collect the supplies they’ll need
for the experiment.

. Tell them to use a funnel to add 1 tablespoon of yeast and 3 table-

spoons of sugar to their empty bottles, then fill each bottle half full
with warm tap water. (The water should be very warm to the touch
but not so hot that it is painful or scalding.) Tell them to replace
the cap on the bottle tightly, then shake it to mix the yeast and
sugar in the water.

Prepare your two controls: use a funnel to add 1 tablespoon of
yeast to each of the two additional bottles and fill each bottle half
full with warm tap water. Do not add any sugar.

. After the contents are thoroughly mixed, have the learners remove

the bottle caps again and place a balloon over the open top of
each bottle, then observe what happens. Do the same with the two
bottles used as controls. It will take a few minutes for the yeast

to start eating the sugar, but soon learners will see their balloons
starting to inflate, but they will see no change in the two control
bottles. Explain that carbon dioxide gas is filling the balloons. Car-
bon dioxide is the same gas that humans and other animals exhale
when breathing. As the yeast organisms eat the sugar in the bottle,
they release waste products, one of which is carbon dioxide. How-
ever in the two controls there is no sugar available for the yeast to
eat and the yeast can not release any carbon dioxide, which would
make the balloon inflate.

. When the balloons seem to have reached a stable state, have the

learners measure their balloons to find out which one contains the
most carbon dioxide. Show them how to cut a long piece of string,
wrap it around the largest part of the balloon and mark where the
string begins and ends while it is wrapped around the balloon.
Then have them measure the length of the string from mark to
mark with a measuring tape. This is called measuring the circum-
ference. Have them compare the circumferences of the balloons by
placing all of the measurements side by side or hanging them on
the wall.
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Check for Understanding:

After the learners have compared the circumferences of all the bal-
loons, return their attention to the group and ask them the following
questions:

» What happened during the activity — what did you observe?

» How large was the circumference of your balloon after 10 minutes
(in inches)?

» How large was it after one hour?
» What changes did you observe in the two controls?

» Can you convert that size between inches and centimeters? Why
do most scientists use metric measurements?

» For older students: Can you calculate the approximate volume of
the carbon dioxide inside the balloon and share it with everyone?
(Note: You may have to remind them of the formula for figuring
the volume of a sphere.)

» Were there any differences in the sizes of the balloons? Why do
you think this might be?

» Do you think the yeast might eat other types of food to make
carbon dioxide?

» When you make bread, you add yeast to make the bread rise. Now
that you have seen what happens when yeast eats sugar, how do
you think the yeast makes the bread rise?

» What do you think would happen if you added very hot water to
the yeast? (Note: Do not attempt this without adult supervision.
Hot water may cause injury.)

Ways to Extend:

In small-group experiments, see how yeast can break down processed
corn sugars (such as those found in corn syrup) and other plant prod-
ucts (such as dried ground-up leaves or wheat bran from the grocery
store) to make biofuels. Have learners experiment with other variables
(water temperature, amount of sugar, yeast, cellulose source, etc.).
Your possibilities are limitless!

Find more information at the archived 2009 4-H Biofuel Blast site at:

https.//site.4-h.org/nysd/archive.php.

» The youth work sheets are at
https.//site.4-h.org/nysd/misc/pdfs/experiment_guides/4-H_NYSD_
Youth_Worksheets.pdf.

» The facilitator guide is at
https.//site.4-h.org/nysd/misc/pdfs/experiment_guides/4-H_NYSD_
Facilitator_Guide.pdf.

4-H Science Blast! In the Class | 4-H Youth Development |

Michigan Grade Level Content

Expectations:

Grades 1-4: Manipulate simple tools
(S.IP.01.14, S.IP.02.14, S.IP.03.14, S.IP.04.14);
demonstrate scientific concepts through
various activities (S.RS.01.11, S.RS.02.11,
S.RS.03.11, S.RS.04.11); generate ques-
tions based on observations (S.IP.01.12,
S.IP.02.12, S.IP.03.12, S.IP.04.12); plan and
conduct simple investigations (S.IP.01.13,
S.IP.02.13, S.IP.03.13, S.IP.04.13); share ideas
about science through purposeful con-
versation (S.IA.01.12, S.IA.02.12, S.IA.03.12,
S.IA.04.12); communicate and pres-

ent findings of observations (S.1A.01.13,
S.IA.02.13, S.IA.03.13, S.IA.04.13);

Grades 5-7: Design and conduct scien-
tific investigations (S.IP.05.12, S.IP.06.12,
S.IP.07.12); use tools and equipment
appropriate to scientific investigation
(S.IP.05.13, S.IP.06.13, S.IP.07.13); investi-
gate/evaluate data, claims and personal
knowledge through collaborative sci-
entific discourse (S.IA.05.12, S.1A.06.12,
S.IA.07.12); communicate and defend
findings of observations and investiga-
tions using evidence (S.1A.05.13, S.IA.06.13,
S.IA.07.13).

Grades 3-4: Make accurate measure-
ments with appropriate units (S.IP.03.15,
S.IP.04.15).

Grade 3: Describe ways humans are pro-
tecting, extending and restoring resources
(E.ES.03.43); describe helpful or harmful
effects of humans on the environment
(E.ES.03.52); describe how materials taken
from the earth can be used as fuels for
heating and transportation (E.SE.03.32).

Grade 4: |dentify current problems that
may be solved through the use of technol-
ogy (S.RS.04.17); compare and contrast
the states of matter (P.PM.04.23).

Grade 6: Identify kinetic or potential en-
ergy in everyday situations (P.EN.06.11).

Grade 7: Identify evidence of chemical
change through color, gas formation,
solid formation and temperature change
(P.CM.07.21).
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	Structure Bookmarks
	What do you do if it is raining, sleeting or snowing so hard that it is difficult to lead an outdoor nature walk? Bring the walk indoors! There are many indoors ways to spark learners’ interest for the outdoors. Items found in a single natural area can tell a lot about the life and the ecosystem of that area. Just collect a variety of leaves, branches, cones, dry seed heads and other natural objects from a single natural area and bring them inside, and your students can use them to identify the trees, plant
	When the discussion has died down, explain that the items in the bags represent the natural environment of your local area. Ask the group the following questions:
	Environment – The surroundings or conditions in which a person, animal or plant lives or operates.
	Natural resources – Components in nature, such as trees, water, wildlife, mineral deposits, etc., that are necessary and useful to humans. 
	Stewardship – The careful and responsible management of something entrusted to one’s care. Stewards are caretakers.
	Nature – The physical world and everything in it (such as plants, animals, mountains, oceans, stars, etc.) that is not manufactured by people.
	Habitat – The place where an animal finds the food, water, shelter and space necessary to sustain a population; the environment where a plant or animal naturally or normally lives and grows.
	Life cycle – A series of stages through which something passes during its lifetime; for example, the insect — egg, larva, pupa and adult.
	Ecosystem – A community of living and non-living things that all work together and make a balanced system. Ecosystems have no particular size; they can be as large as a forest or as small as some decomposing leaves on the ground.
	This lesson focuses on habitat, which determines whether an animal (such as a fish or aquatic insect) will survive in an area. This activity is a fun and educational way to demonstrate major impacts of habitat changes on fish populations.
	Safety first! Clear the playing area of stones or other debris before playing. Remind players to be careful while running. 
	It is helpful to have adult or teen observers help with the game. Have any participants who can’t run play the role of the fish biologists and record data.
	Play various versions of the game. Introduce predators and other mortality factors. Have players create their own adaptations. Devise a way to introduce into the game the concept of carrying capacity (the maximum and/or average number of a given organism that an area can maintain at a particular season of the year).
	Read through the activity and gather the supplies from the materials list.
	After the learners have compared the circumferences of all the balloons, return their attention to the group and ask them the following questions:
	In small-group experiments, see how yeast can break down processed corn sugars (such as those found in corn syrup) and other plant products (such as dried ground-up leaves or wheat bran from the grocery store) to make biofuels. Have learners experiment with other variables (water temperature, amount of sugar, yeast, cellulose source, etc.). Your possibilities are limitless!
	The major purpose of this activity is for learners to investigate the concept of adaptation in fish. An adaptation is a feature that increases the animal’s likelihood of surviving and reproducing in its habitat. Aquatic animals are the products of countless adaptations over long periods of time.
	When a habitat changes, either slowly or catastrophically, the species of animals with adaptations that allow them many options are the ones most likely to survive. Some species have adapted to such a narrow range of habitat conditions that they are extremely vulnerable to change. They are overspecialized and are usually more susceptible than other animals to death or extinction.
	In this activity, the learners will design a fish and draw pictures of the adaptations their fish will have. As these adaptations become part of the fish’s design, the fish becomes better suited to the habitat in which it lives. Because of the variety of conditions within each habitat, many types of fishes can live together and flourish. This is important to anglers. As they learn about the particular adaptations of the fish they pursue and about the habitat where these adaptations occur, they can adjust th
	(Note: The first three steps are optional for younger participants. The remaining steps need to include only the adaptation cards for body shape and coloration. The reproduction and mouth and fin type cards are optional for younger learners.)
	Make sure all of the learners in a group are providing input to the group’s drawing. Visit each of the groups to see if they need more information or help, especially for younger learners.
	Adaptation
	Sucker-shaped mouth
	Bottom feeds on very small animals
	Sucker, carp
	Elongated upper jaw
	Feeds off bottom
	Sturgeon
	Sucking disk
	Attaches to prey/substrate
	Sea and brook lamprey
	Duckbill, elongated jaws
	Grasps prey
	Pike, muskellunge, gar
	Extremely large, flexible jaws
	Surrounds prey
	Largemouth bass
	Torpedo
	Fast moving, away from bottom
	Trout, salmon
	Flat-bellied
	Bottom-oriented swimmer
	Catfish, sucker
	Vertical disk
	Feeds above or below in slow water
	Bluegill, pumpkinseed
	Wide/horizontally flattened
	Bottom dweller
	Sculpin, sturgeon
	Long and slender, scaleless
	Attached feeder, needs low resistance
	Sea lamprey
	Light-colored belly
	Predators have difficulty seeing it from below
	Most minnows, perch
	Dark upper side
	Predators have difficulty seeing it from above
	Bluegill, bullhead, catfish
	Vertical stripes
	Can hide in vegetation
	Muskellunge, bluegill, yellow perch
	Horizontal stripes
	Can hide in vegetation
	White bass
	Mottled coloration
	Can hide in rocks and in bottom
	Trout, rock bass, darters
	Reproduction
	Eggs deposited on bottom
	Hidden from predators
	Trout, salmon, minnows
	Eggs deposited in nests
	Protected by adult males
	Bluegill, bass, stickleback
	Floating eggs
	Dispersed in high numbers
	Freshwater drum
	Eggs attached to vegetation
	Stable until hatching
	Perch, northern pike, carp
	Live bearers (does not lay eggs)
	High survival rate
	Guppy, mosquito fish (no native Michigan species)
	Fin Shape/Location
	Large pectoral/pelvic fins
	Help stay on bottom in moving water
	Johnny and rainbow darter
	V-shaped tail
	Continuous movement
	Channel catfish, rainbow smelt
	Anal and dorsal fins—posterior
	Burst speed, power
	Pike, muskellunge, gar
	Anal and/or dorsal spines
	Protection from predators
	Sunfish, stickleback
	Pectoral fins on side
	Good for sharp turns and “rowing”
	Sunfish, black bass, yellow perch
	Pectoral fins on bottom
	Good for stabilizing in flowing water
	Trout, suckers
	Long dorsal fin
	Used for propelling forward or backward without body movement
	Bowfin

	The Great Lakes region is home to more than 160 species of fish. A species consists of individuals that share the same gene pool.
	These species belong to 28 major fish families. A family or group of different but closely related fish species can be identified using a taxonomic or classification system that helps to define fish species on the basis of common characteristics.
	Learners may be most familiar with fish in the sunfish and bass family, cold-water species in the salmon and trout family, or some of the 62 species that make up the minnow family. Ancient or prehistoric fish species such as lake sturgeon and long-nose gar also inhabit waters of the Great Lakes region and possess distinctive attributes that have allowed them to survive for millions of years.
	With the exception of some primitive species, most fish have common characteristics that include gills, scales, fins and bony skeletons. Some characteristics that differentiate fish include head shape and mouth orientation, fin type and location, and body shape and average adult size.
	Color markings, such as vertical stripes or fin spots, may also help differentiate fish when used in combination with other factors, including geographic range.
	Distinguishing characteristics can provide clues about where a species typically lives and what it eats. For example, fish in the sturgeon and sucker families have downward-oriented mouths (sometimes called ventral) that enable them to find food along a lake or stream bottom. Other traits such as fin shape and location can provide clues about whether a fish species is maybe a more maneuverable swimmer (e.g. sunfish and bass), powerful swimmer (e.g. pike), or even long distance swimmer (e.g. trout and salmon
	To correctly identify fish and classify newly discovered species, fisheries scientists use something called a dichotomous key, which is a classification tool used to sort, organize and identify a collection of objects or living organisms.
	A dichotomous key is made up of a series of questions with two choices. Each choice leads to another question. The key can appear in narrative form (as numbered questions), graphically (resembling a flow chart), or as a combination of graphics and narrative. By making choices and progressing logically through the key, users follow a path that ends with the correct identification of the organism.
	Dichotomous keys vary in their degree of specificity. In this lesson, a simplified key has been created that distinguishes 10 Great Lakes fish families. By using their knowledge of distinguishing characteristics, Learners use illustrations of fish to work through the key and make identifications. (See Dichotomous Key)
	Have learners develop a dichotomous key to categorize candy, shoes or any other group of objects. 
	Water is a precious, limited natural resource on our planet. We need to conserve water — especially fresh water — wherever we can. One common way to save water is to water plants with water that isn’t clean enough for humans to drink. If we do that, will plants grow at the same rates? Will we still be able to produce food crops if we irrigate them with poor quality water?
	Tell the learners they’re going to investigate the effect of using poor quality water to irrigate crops. Read aloud or paraphrase the following:
	For seeds to germinate and grow, they must be exposed to the proper conditions. Most importantly, water must get into the seed to begin all of the processes necessary for germination and seedling growth. Poor quality water (high salt content, polluted, very acidic) could prevent seed germination, and then there would be no seedling growth.
	Ideally, we would have answers to these questions before we need them, so that if we are faced with having to grow plants with lower quality water, we know what the limits are, how to use these waters and what to expect in seed germination rates and plant growth rates.
	That is the basis for this experiment. It will take a group of collaborating scientists (like you) to answer these questions so that we are prepared for problems that we may have to face in the future. Thanks in advance for your careful work on this important question.
	Remind the groups to water their plants lightly with the assigned watering solution every day. Remember to water the control container daily, too.
	Have the learners count the number of seeds that have germinated (sprouted) in their group’s container and measure the height of each seedling, then record the results on their group’s growth chart. Ask for a volunteer to do the same for the control container.
	Ask the group the following questions:
	Water quality – The physical, chemical and biological characteristics of water. It is a measure of the condition of water relative to its use for any human need or purpose.  The most common standards used to assess water quality relate to health of ecosystems, safety of human contact and drinking water.
	Seed germination – The process by which a plant emerges from a seed and begins growth.
	Science process/scientific practice – A process or practice that includes a question, research, hypothesis, testing the hypothesis, data collection and explanation of the data collected.
	Hypothesis – An educated guess.




