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Can Insects Save the Planet?

Teacher Information

Summary

Follow the story of two college roommates
as they explore possible protein sources in
their diets. Are all protein sources equal in
value? What effect does protein food
production have on the environment? Why
would someone choose to limit their
sources of protein?

Core Concepts

e Proteins are composed of amino acids.

e Foods contain varying types and
amounts of protein.

e The body uses amino acids to build new
proteins.

e Protein-deficient food poses a risk to
both human and animal health.

e Large scale protein-rich food

production has negative impacts on the
environment.

e A One Health approach identifies and
seeks solutions to problems that affect
the health of humans, animals, and the
environment.

Time Required

4-5 forty-minute class periods

science
take-out

just add students™

Kit Contains

e CHiPS Frequently Asked Questions (FAQ)
e Nutrition Facts Labels

¢ Protein Source Model Guide

e Bean Protein Processing Model

e Cricket Protein Processing Model

e Why CHiPS?

e Colored beads

e 2 long (6”) white chenille stem pieces

e 6 short (2”) white chenille stem pieces

Teacher Provides

e Access to internet (optional)

Warning: Choking Hazard

This Science Take-Out kit contains small
parts. Do not allow children under the age
of seven to have access to any kit
components.
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Teacher Resources

e Centers for Disease Control and Prevention (CDC) - One Health Video
https://www.youtube.com/watch?app=desktop&v=TGOpduAYESA

e Centers for Disease Control and Prevention (CDC) - One Health
https://www.cdc.gov/onehealth/index.html

¢ Food-based proteins discovered as key to child malnutrition in developing countries
https://www.sciencedaily.com/releases/2016/02/160223132807.htm

e What the 10 poorest countries are eating
https://borgenproject.org/10-poorest-countries—eating/

e Targets to increase food production: One Health implications
https://www.tandfonline.com/doi/full/10.3402/iee.v5.27708

o Benefits and food safety of edible insects
https://www.sciencedirect.com/science/article/pii/S235236461930046X

e Greenhouse gas mitigation in agriculture
http://rstb.royalsocietypublishing.org/content/363/1492/789

e Edible insects produce smaller quantities of greenhouse gasses than cattle
https://www.wur.nl/en/show/Edible-insects-produce-smaller-guantities-of-greenhouse-

gasses—-than-cattle.htm
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Teacher Suggestions

e Part 2 introduces students to common meals in other countries. Students may have
difficulty imagining what unfamiliar meals may look like. Consider showing students
images of the meals using the following links:

o Saka Saka - https://sakasaka.net/saka-saka.html

o Sadza - https://www.zimbokitchen.com/how-to-make-plain-sadza/

o Nsima and Ndiwo - https://cookpad.com/us/recipes/11864189-nsima-ndi-ndiwo

e The purpose of the Part 3 modeling activity is to show that the foods we eat provide the
amino acids we need to build new proteins. If a diet is missing any of the essential amino
acids, it will be impossible to build new proteins containing those amino acids. The Part 3
modeling activity is not intended to build actual models of the proteins listed.

e Teachers should consider bundling this Science Take-Out kit with the From DNA to Protein
Structure and Function (STO-106) kit. These two kits allow students to see how the
proteins we eat are used to build proteins in our body and the mechanisms our body uses
to build those proteins.

e Internationally, there is a growing focus on utilizing One Health approaches to solve
problems that involve the health of humans, animals, and the environment. One Health
problems are complex and solutions to these problems require the collaboration of people
from a variety of disciplines. It is important that students are exposed to this type of
interdisciplinary and collaborative thinking.

e Dietary sources of protein are a One Health problem that involves the health of humans,
animals, and the environment. An optional Part 5 on the following two pages helps
students understand what One Health means and see the importance of taking a
collaborative One Health approach to solving the problem of how to source protein for a
growing human population. Students will need access to the internet to view this YouTube
video: https://www.youtube.com/watch?app=desktop&v=TGOpduAYESA

¢ You may want to ask students to brainstorm examples of other One Health problems and
explain how the One Health approach may involve a collaboration of people who have
careers in human health, environmental health, and animal health.
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Part 5: One Health and protein sources

One Health

The State Health Department is suggesting that local governments
should take a collaborative One Health approach to solving complex
global problems, such as choosing the source of protein to feed a
growing human population. A One Health approach uses the idea that
complex problems often involve the health of people, animals, and the
environment. Therefore, solutions to One Health problems must be
designed to protect the health of people, animals, and the environment.

1. Use the information in the text box above to explain what must be involved in a complex
problem for it to be considered a One Health problem.

2. Watch this video from the CDC (Centers for Disease Control). The video provides a brief
introduction to One Health and why it is important for public health professionals,
veterinarians, ecologists, and environmental health professionals to work together.

Scan this QR code with your smartphone or
tablet camera app to link to the video.

3. State one interesting or important thing that you learned about One Health from watching
the video.
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To support adoption of a One Health approach, the health department officials want to
create a series of slides to provide examples of One Health problems in the
community. Your team has been hired to create three slides to answer the question,
“Why is the source of our food protein a One Health problem?”

Remember how the CDC video used images with captions (short descriptions) to help
people understand what One Health problems and solutions involve. Using pictures and
captions in your slides will help people understand and remember what the One Health
approach involves.

2. Use the information in the text box above, what you learned from the video, and what you
learned about food protein sources to develop three slides that show why choosing food
protein sources is a One Health problem. You should create three slides:

e Slide 1: A picture or pictures and a caption to explain how animals are involved in the
problem.

e Slide 2: A picture or pictures and a caption to explain how humans are involved in the
problem.

e Slide 3: A picture or pictures and a caption to explain how the environment is involved
in the problem.
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Reusing the Kit

Teachers will need to instruct students on how to handle cleanup and return of the reusable kit
materials. For example, teachers might provide the following information for students:

Discard Return to kit bag

Nothing e CHiPS Frequently Asked Questions (FAQ)
e Nutrition Facts Labels

e Protein Source Model Guide

e Bean Protein Processing Model

e Cricket Protein Processing Model

e Why CHiPS?

¢ Colored beads

e White chenille stems

Tip: Consider laminating the reusable handouts. You could use a sheet protector instead of
lamination.
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NGSS Correlation

ecosystem.

Working Towards Performance Expectation

MS-LS1-7. Develop a model to describe how food is rearranged through chemical reactions forming new molecules that support growth and/or release
energy as this matter moves through an organism.

MS-LS2-1. Analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of organisms in an

Science and Engineering Practices

Developing and Using Models

Develop a model to describe
unobservable mechanisms.

Analyzing and Interpreting Data

Analyze and interpret data to provide
evidence for a phenomenon.

Disciplinary Core ldeas

LS1.C: Organization for Matter and Energy Flow in Organisms

Within individual organisms, food moves through a series of
chemical reactions in which it is broken down and rearranged
to form new molecules, to support growth, or to release
energy.

LS2.A: Interdependent Relationships in Ecosystems

e Organisms, and populations of organisms, are dependent on
their environmental interactions both with other living
things and with nonliving factors.

¢ In any ecosystem, organisms and populations with similar
requirements for food, water, oxygen, or other resources
may compete with each other for limited resources, access
to which consequently constrains their growth and
reproduction.

e Growth of organisms and population increases are limited
by access to resources.

PS3.D: Energy in Chemical Processes and Everyday Life

Cellular respiration in plants and animals involve chemical
reactions with oxygen that release stored energy. In these
processes, complex molecules containing carbon react with
oxygen to produce carbon dioxide and other materials.
(secondary)

Cross Cutting Concepts

Energy and Matter

Matter is conserved because atoms are
conserved in physical and chemical
processes.

Cause and Effect

Cause and effect relationships may be
used to predict phenomena in natural or
designed systems.
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Read these instructions before using Science Take-Out kits

Parental or Adult Supervision Required
This kit should be used only under the supervision of an adult who is committed to ensuring that the
safety precautions below, and in the specific laboratory activity, are followed.

Chemicals Used in Science Take-Out Kits

Every effort has been made to reduce the use of hazardous chemicals in Science Take-Out kits. Most kits
contain common household chemicals or chemicals that pose little or no risk. Safety Data Sheets (SDS)
provide specific safety information regarding the chemical contents of the kits. SDS information for each
kit is provided in the accompanying teacher instructions. We encourage students to adopt safe lab
practices when performing laboratory activities involving chemicals.

Warning: Choking and Chemical Hazard

Science Take-Out kits contain small parts that could pose a choking hazard and chemicals that could be
hazardous if ingested. Do not allow children under the age of seven to have access to any kit
components.

No blood or body fluids from humans or animals are used in Science Take-Out kits. Chemical
mixtures are substituted as simulations of these substances.

General Safety Precautions

1. Never taste, smell, or ingest any chemicals provided in the kit - they may be hazardous.

2. Chemicals used in Science Take-Out experiments may stain or damage skin, clothing or work
surfaces. If spills occur, wash the area immediately and thoroughly.

3. Report any chemical spills or contact with chemicals to your teacher.
4. Work in a clean, uncluttered area. Cover the work area to protect the work surface.
5. Read and follow all instructions carefully.

6. Pay particular attention to following the specific safety precautions provided by your teacher or
included in the kit activity instructions.

7. Do not use the contents of this kit for any other purpose beyond those described in the kit
instructions.

8. Do not leave experiment parts or kits where they could be used inappropriately by others.
9. Do not eat, drink, or apply make-up or contact lenses while performing experiments.

10. Wash your hands before and after performing experiments.
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Can Insects Save the Planet?

Part 1: You're going to eat what?

Garrett was interested in meeting his new college roommate, Noah.
Through their text messages and social media posts, Garrett
learned that Noah is health-conscious and very interested in saving
the planet. On move-in day, Noah was quick to offer Garrett his
famous chocolate “chirp” cookies. Noah explained that he calls
them chocolate “chirps” because they are made with cricket
powder. Garrett wondered, “What is cricket powder and why
would anyone add it to cookies?” Noah showed Garrett a website
for CHiPS cricket powder. He encouraged Garrett to explore the CRICKET POWDER
CHiPS website to learn more about the benefits of cricket powder.

Garrett began his search on the CHiPS Frequently Asked Questions (FAQ) webpage because it
was full of information.

1. Based on the CHiPS FAQs, identify at least three reasons why people might use cricket
powder.

2. Based on the CHiPS FAQs, identify at least two reasons why people might not want to use
cricket powder.

3. What is the benefit of adding cricket powder to a recipe?
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4. Garrett thinks that eating crickets is just a fad. Why might Noah disagree with him?

5. Use the Nutrition Facts Labels from common protein sources to complete the data table
below.

Data Table

Serving size Protein (g)

Protein Source K .
in grams per Serving

Chicken

Beef

Tofu

Lentils (beans)

Cricket Powder
(insects)

Peanuts (nuts)

6. According to the CHiPS Frequently Asked Questions (FAQs) page, how many whole crickets
would a person need to eat in order to obtain the same amount of protein contained in one
serving of cricket powder?

7. The CHiPS website advertises that cricket powder is high in protein. Based on the Nutrition
Facts Labels, is this a valid claim? Support your answer with evidence.
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Part 2: Food and Health - Why is protein important?

Garrett noticed that Noah had a picture of a young child on his desk. When asked about
the child, Noah explained that this was Abshir, the child he sponsors through the relief
organization he interned with in Malawi, a small African country. Noah told Garrett about
the extreme poverty he witnessed in the villages of Malawi. Most people in the villages he
visited lacked the basic necessities of life — food, water, medicine, even shelter. Many
children who live in extreme poverty suffer from malnutrition (lack of nutritious food).
Noah decided to sponsor Abshir, hoping to make his life a little easier.

According to the World Health Organization (WHO), people
living in extreme poverty often suffer from malnutrition.
Abshir and many other children in his village suffered from
kwashiorkor (kwaa-shee-or-kor) caused by protein-poor
diets. The symptoms of kwashiorkor include muscle
wasting, swelling (especially in the abdomen), greater risk of
bone fracture, stunted growth, and an increase in infections.

Below is a Menu of Common Meals that lists foods eaten by people in some of the world’s
poorest countries.

Menu of Common Meals

Country Name of the Meal Ingredients in the Meal

Cassava leaves (a starchy tree root), onions,

Democratic green peppers, garlic paste, peanut butter,
. Saka Saka i
Republic of Congo black pepper, spinach, habanero pepper,

palm oil.

Zimbabwe Sadza Cornmeal mush served with a leafy vegetable
stew and fried insects.
Cooked maize (corn) is shaped into patties

Malawi Nsima and Ndiwo that are called nsima. The nsima is dipped

into a bowl containing ndiwo, a thick soup of
spicy cabbage, beans, and vegetables.
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1. Use the information from the Menu of Common Meals (on the previous page) and the Data
Table in Part 1, Question 5 to complete the Main Protein Source column in the table below

for each of the meals.

Main Protein Grams of Protein
Country Meal ) ]
Source in One Serving
Democratic
k k
Republic of Congo Saka Saka

Zimbabwe Sadza

Malawi Nsima and Ndiwo

2. Use information from the Data Table in Part 1, Question 5 to complete the grams of protein
that would be available to someone eating each meal. Assume the person is getting one
serving of each protein source. Add your answer to the Grams of Protein in One Serving

column in the chart above.

3. Abshiris currently 9 years old. According to the
Recommended Protein Intake table on the right, how
many grams of protein should Abshir eat each day?

Recommended
Age protein intake

(grams per day)
1-3 13 grams
4-8 19 grams
9-13 34 grams

4. How many servings of Nsima and Ndiwo would Abshir
need to eat to meet the daily recommended protein intake? Hint: See the Data Table in Part

1, Question 5.

5. Due to extreme poverty, many children in poor countries only eat one meal per day. Use
the table in Question 1 above to identify countries where children eating only one meal per
day may not get enough protein in their diet. Support your choice(s) with evidence.
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Part 3: Why enough protein isn’t enough

The grams of protein, although important, are not the whole story of nutrition. Even if people
get enough protein, they can still suffer from protein malnutrition. How is this possible?

Proteins are large molecules made from building blocks called amino acids. The amino acids

are hooked end-to-end like beads on a necklace. There are 20 different amino acids that can
be linked together to make proteins. The human body can synthesize (make) eleven of these
amino acids. The nine amino acids that can’t be synthesized are called essential amino acids.
The essential amino acids must be ingested in the foods we eat. A lack of any of the essential

amino acids results in protein malnutrition.

1. How are amino acids and proteins related?

2. Why is it important that people’s diets include all the essential amino acids?

3. Complete the table below using your Protein Source Model Guide for each protein source.

Are all 9 essential

Protein Source . .
amino acids present?

Missing amino acid(s)

Peanuts (Saka Saka)

Ground Beef (Hamburger)

Soy (Plant-based
Impossible Burger)

Beans (Nsima and Ndiwo)

Crickets (“Chirps” Cookies)

4. Based on the amino acid composition of these protein sources, why might Abshir’s diet

result in malnutrition if beans are the only protein source he eats?
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Scientists use models to help them make sense of different processes. All models are wrong
because they are not exactly what is happening. However, models are still useful because
they help us “see” unobservable processes.

Garrett wondered how the lack of a few essential amino acids could affect Abshir’s health
and result in the symptoms of kwashiorkor. Garrett decided to make a model to explain
what happens to bean proteins after people eat beans.

Your kit contains beads representing amino acids. Each colored bead represents one of the
nine essential amino acids. The white beads represent amino acids that our body can
synthesize (non-essential amino acids). To simulate a protein, you will make a model of a
small part of each protein using a chenille stem (fuzzy wire) and the colored beads.

5. Use the Protein Source Model Guide, one long white chenille stem (fuzzy wire), and beads
representing amino acids to build a model of the proteins found in beans. The amino acids
should be placed at equal intervals on the chenille stem. Note. The model/ shows only a
small part of the protein, representing the kinds of amino acids present in the protein.

6. Use your bean protein (string of beads) and the Bean Protein Processing Model sheet to
model how bean proteins are processed in the body.

a. Read the description of the first step of processing that occurs in the mouth.
b. Then, under the description, model the process with your bean protein (string of beads).

c. Complete the model by following the arrows to read the descriptions and model the
process with your bean protein.

Questions 7-10 do not require that you build new proteins. For these questions, you should
determine if the k/inds of amino acids needed to build a protein are available.

7. One symptom of kwashiorkor malnutrition that Abshir is experiencing is muscle weakness.
Actin is a protein important to proper muscle function. Based on the amino acids you have
available in the body cell of the Bean Protein Processing Model and your Protein Source
Model Guide, can Abshir build actin? Support your answer with evidence from your model.
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8. Another symptom that Abshir is experiencing is overall weakness and fatigue (tiredness).
Hemoglobin is a protein that helps red blood cells transport oxygen to body cells. Oxygen
is necessary to produce ATP. Based on the amino acids you have available in the body cell
of the Bean Protein Processing Model and your Protein Source Model Guide, can Abshir build
hemoglobin? Support your answer with evidence from your model.

9. Explain how Abshir’s diet may provide enough protein, but still cause him to be
malnourished.

10. Abshir has no issues with maintaining his blood sugar levels. Based on the amino acids
you have available in the body cell of the Bean Protein Processing Model and your Protein
Source Model Guide, explain why Abshir can regulate his blood sugar.

Noah, Garrett’s roommate, only eats protein from the cricket powder he buys from CHiPS.
Noah did not want to be a vegetarian because he was worried about protein malnutrition.
However, he claims that eating other sources of protein, like chicken and beef, can harm the
environment. Based on his research, Noah thought that crickets were a good choice of protein.
Garrett was curious about how Noah’s body processed the cricket proteins that he eats.

11. Use the Protein Source Model Guide, one long white chenille stem and beads representing
amino acids to build a model of the proteins found in crickets. Note: The model shows only
a small part of the protein, representing the kinds of amino acids present in the protein.
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12. Use your cricket protein (string of beads) and the Cricket Protein Processing Model sheet to
model how cricket proteins are processed in the body.

a. Read the description of the first step of processing that occurs in the mouth.

b. Then, under the description, model the process with your cricket protein (string of
beads).

c. Complete the model by following the arrows to read the descriptions and model the
process with your bean protein.

13. Noah does not experience any symptoms of muscle weakness or fatigue. Based on the
amino acids you have available in the body cell of the Cricket Protein Processing Model and
your Protein Source Model Guide, explain why Noah does not have kwashiorkor symptoms.

14. What advantage would Abshir have if people in his village were able to add insects like
crickets to their diet?

15. Garrett’s friend, Nicole is a vegetarian. Garrett noticed that the only protein source in
Nicole’s diet is beans. Should Nicole be concerned about protein malnutrition? Support
your answer.

16. Nutritionists suggest that a way to overcome a lack of amino acids in one food is to eat
another food that contains the missing amino acids. Why might this be difficult for Abshir
and other people in poor countries?
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Part 4: Investigating Claims — Can eating insects help the environment?

Garrett is concerned about the many people in the world that may lack access to protein
sources containing all the essential amino acids. At the same time, he wondered why anyone
would choose crickets as their main protein source when beef, pork, and chicken contain all
the essential amino acids. Garrett suggests to Noah that if countries increased the production
of beef, pork, and chicken, everyone could have access to all the essential amino acids.

Noah argued that this was not a good solution because beef, pork, and chicken protein
sources are not environmentally friendly. He explained that eating insects helps solve some
environmental problems. Noah claims that insects are a more sustainable, environmentally
friendly protein source. Garrett never heard that foods like beef, pork, and chicken could
harm the environment.

Garrett noticed that the Why CHiPS? webpage was loaded with information on how eating
crickets benefits the health of the environment. Although there is no one definition of
sustainable, most people agree that in order for food to be considered sustainable it should:

e be produced using methods that protect the diversity of plants and animals.
e protect the welfare of farmed and wild species.

e avoid damaging or wasting natural resources.

e promote health and use practices that contribute to local economies.

e |imit negative impacts on climate.

1. Garrett began thinking about his typical daily diet. He realized that he eats beef or chicken
at least twice a day on most days. Based on the Why CHiPS? webpage, provide two reasons
why Garrett’s food choice may not be considered sustainable.

2. Based on the Why CHiPS? webpage, identify three reasons why shifting to insect-based
protein sources might help the environment.

3. Based on the information provided, identify one action that people could take to help with
sustainability that does not involve eating insects.
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