Lesson

Matter and Energy



 Ecosphere How To Guide




Every cell needs matter and energy to live
and grow.

*What do you know about how cells get the matter
and energy that they need to grow and move?

*What do you wonder about how cells get the
matter and energy they need to grow and move?




Laws of Matter and Energy

*What rule about matter should we follow when
investigating biochemical reactions?

Law of Conservation of Matter/Mass
Matter can NOT be created or destroyed.
Matter CAN be transferred or change forms!




e Must start and end with the same amount
* Example




Laws of Matter and Energy

*What rule about energy should we follow when
investigating biochemical reactions?

Law of Conservation of Energy
Energy can NOT be created or destroyed.
Energy CAN be transferred or change forms!




ENERGY Energy exists in

TRANSFORMATIONS many forms.
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How do living things obtain energy in
different ways?

(carbon dioxide)

water )




Reading
Nutrition
Labels

-

Calories
measure the
amount of
energy in the
bonds of the
carrot’'s
organic

L\materials.

Cholesterol,
sodium (in
salt), vitamins,
and minerals
all add up to
less than 1%

of the carmrot.

.

About 1% of
the carrot is
protein.

Carrots

Q

Amount Per Serving

Calories 40

% Daily Value®
:ic-tal Fat E > 0%
Saturated Fat Og 0%

-
Cholesterol Omg 0%
i 3%

4%
11%

otal Carbohydrate 10g
Dietary Fiber 39
Total Sugars 5g
ncludes 0g Added S

Vitamin D Omeg 0%
Calcium 52mg 4%
Iron 0.38mg 2%
FPotassium 0mg 0%
Vitamin A 330%
Vitamin 10%

I ——
“The % Daily Value ([DV) 1alls you how much & nulrent in a
Sarving of food contribules 10 8 daily diel. 2,000 calores a

day is used for genaral nuirfion advice.

Since the
serving size is
100 g,
19=1%.

This part of the
label tells us
that carrots are
0% fat.

~

Carbohydrates
include:

« Dietary
Fiber, like
cellulose:
3%

. Starch
(not
listed):
(10%-5%-
3%) = 2%

«  Sugars
like
glucose;
5% of the
carrot.

7




2.2 Food Label Cards

Beef (Animal Muscle)

Carrots (Plant Roots)

Nutrition Facts

Serving size (100g)
Lo e S aetaas
Amount Per Serving
Calories 250
% Daily Value*
Total Fat21g 27%
Saturated Fat7g = 35%
Trans Fat Og -
Cholesterol 70mg - 23%
Sodium 70mg 3%
Total Carbohydrate 0g 0%
Dietary Fiber Og 0%
Total Sugars Og '

Includes 0g Added Sugars 0%
Protein 18g 36%
TR R S EORE T T X
Vitamin D Omcg 0%
Calcium 52mg 4%
Iron 1.8mg 10%
Potassium Omg 0%

*The % Daily Value (DV) tells you how much a nutrient in a
semving of food contribules 1o a dally diet. 2,000 calories a
day is used for general nutrition advice

Nutrition Facts
Serving size (1009!

Amount Per Serving
Calories 40
% Daily Value*
Total Fat Og 0%
Saturated Fat Og %
Trans Fat Og

Cholesterol 0mg 0%
Sodium 70mg 3%
Total Carbohydrate 10g 4%
Dietary Fiber 3g 1%

Total Sugars 5g
Includes 0g Added Sugars 0%
Protein 19 2%
[—— e e e e o s e Pndeyont o e |
Vitamin D Omcg 0%
Calcium 52mg 4%
Iron 0.36mg 2%
Potassium Omg 0%
Vitamin A 330%
Vitamin C 10%

*The % Dally Value (DV) tells you how much a nutrient in a
serving of food contributes 10 a daily diet. 2,000 calories a
day is used for general nurition advice

Celery (Plant
Leaf/Stems)

Nutrition Facts

Serving size

Amount Per Serving

(1009)

Calories 15
% Daily Value*
Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat Og
Cholesterol Omg 0%
Sodium 80mg 3%
Total Carbohydrate 39 1%
Dietary Fiber 1g 4%
Total Sugars 2g
Includes 0g Added Sugars 0%
Protein 1g 2%
Vitamin D Omcg 0%
Calcium 52mg 4%
Iron 0.36mg 2%
Potassium Omg 0%
Vitamin A 8%
Vitamin C 6%

*The % Daily Value (DV) tells you how much a nutrient in a
serving of food conltribules 10 a daly diet. 2,000 calones a

day is used for general nuirtion advice




2.2 Food Label Cards (continued)

Mushrooms
(Decomposers)
Nutrition Facts
Serving size (100g)
N N O 1Y T T ST T

Amount Per Serving
Calories 40
- % Daily Value®
Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat Og

Cholesterol Omg 0%
Sodium 160mg 7%
Total Carbohydrate 11g ' 4%
Dietary Fiber 5g 18%

Total Sugars Og
Includes 0g Added Sugars 0%
Protein 2g ' 4%
L= e e s e
Vitamin D Omcg 0%
Calcium 104mg 8%
Iron 3.6mg ' 20%
Potassium Omg 0%
Vitamin A o 70%
Vitamin C 25%

*The % Daily Value (DV) tells you how much a nutrient in a
serving of food contributes to a daily diet. 2,000 calories a
day is used for general nulrtion advice

Spinach (Plant

Peanuts (Plant Seeds)

Leaves)
Serving size (1009)
S S PR IR N T S T S NIy )
Amount Per Serving
Calories 35
e e U e
% Daily Value*
Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat Og
Cholesterol 0mg 0%
Sodium 0mg 0%
Total Carbohydrate 8g 3%
Dietary Fiber 3g 1%
TotalSugars09
~Includes 0g Added Sugars 0%
Protein 3g 6%
L e —— T ——
Vitamin D Omcg 0%
CalclumOmg = 0%
Iron 1.08mg 6%
Potassium O0mg 0%
Vitamin A - 0%
Vitamin C 0%

*The % Dally Value (DV) tells you how much a nutrent in &
serving of food contributes 1o a daily diet. 2,000 calories a
day is used for general nulrition advice

Nutrition Facts

Serving size (100g)
P T AT LT Y X AR
Amount Per Serving
Calories 590
% Daily Value*
Total Fat 50g ’ 64%
Saturated Fat 8g 40%
~ Trans Fat 0g

Cholesterol Omg 0%
Sodium 15mg 1%
Total Carbohydrate 22g 8%
Dietary Fiber 8g 29%

Total Sugars 9g
Includes Og Added Sugars 0%
Protein 24g - 48%
o e S e e
Vitamin D Omcg 0%
Calcium 52mg 4%
Iron 1 8mg R '  10%
Potassium 0mg 7 0%
Vitamin A - 0%
Vitamin C 0%

*The % Dally Value (DV) lells you how much a nutrient in &
serving of food contribules 10 a daily diet. 2,000 calories a
day is used for general nutrition advice




All living things need energy that they obtain from
chemical energy stored in the bonds of food

molecules.
2.2: Food Labels Worksheet

Food labels can tell us a lot about the molecules in the cells of the organisms that they come from—especially large organic
molecules. You can analyze different kinds of organisms by studying the handout 2.2 Food Label Cards. This handout shows how
many grams of different materials are in 100 g of each food. Follow these steps to fill out the table below:

1. Fill in the kind of organism that the food comes from (animal, plant, or decomposer).
2. Find the mass in grams of main organic materials in the food: carbohydrates, fats, and proteins.
3. Remember that the total mass of vitamins and minerals is less than 1 gram.
4. Calculate the amount of water by subtracting the mass of the organic materials from the total mass (100 g).
5. Find the amount of chemical energy (calories) in that food.
FOOD Kind of Organic materials Water Chemical
NAME organism it Fat (grams) | Carbohydrates | Protein {grams) energy
comes from (grams) (grams) (calories)
1 beef
2 carrots
3 celery

4 | mushrooms

5 spinach

6 peanuts

Compare the organic materials in beef (cow muscle) with the organic materials in carrots (plant roots), celery (plant leaf stems), and
spinach (plant leaves). What are the differences in the kinds and amounts of organic materials in animals vs. plants?




molecules. You can analyze different kinds of organisms by studying the handout 2.2 Food Label Cards. This handout shows how
many grams of different materials are in 100 g of each food. Follow these steps to fill out the table below:

Chemical
energy
(calories)

250

40

1. Fill in the kind of organism that the food comes from (animal, plant, or decomposer).
2. Find the mass in grams of main organic materials in the food: carbohydrates, fats, and proteins.
3. Remember that the total mass of vitamins and minerals is less than 1 gram.
4. Calculate the amount of water by subtracting the mass of the organic materials from the total mass (100 g).
5. Find the amount of chemical energy (calories) in that food.
FOOD Kind of Organic materials Water
NAME organism it Fat (grams) | Carbohydrates | Protein | (grams)
comes from (grams) (grams)
1 beef .
animal | 21g | Og |18g|61g
2 carrots
plant | 0O 10 1 |89
3 celery

plant

0

3

1

96

4 | mushrooms

decompost

er (0

11

3 spinach

plant

0

2

37

3

3

39

6 peanuts

plant

50

22

24

A

15

40

35

590

Compare the organic materials in beef (cow muscle) with the organic materials in carrots (plant roots), celery (plant leaf stems), a
spinal::h (plant leaves). What are the differences in the kinds and amounts of organic materials in animals vs. planlﬁ?
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most plant foods. Plants contain more carbohydrates. o,



5.1: Tracing Atoms and Energy in Plants
Some things you may already know. One thing you already know is that atoms last forever in living systems. So all the atoms
in a plant must have come from somewhere. Land plants need water, air, sunlight, and soil nutrients to live and grow. So those are the
sources that the atoms and the energy in plants must come from.
¥ ou may not know what kinds of atoms plants are made of. Chemists can take a garden plant like a radish and analyze what
kinds of atoms (what elements) it is made of. A lot of a growing plant is water, but if they take the water away and analyze the dry
materials in a plant, the first column of the table below shows what they find. Where dees each kind of atom in a plant come from?

Kinds of atoms in planis

Where atoms come from

Your reasons for your ideas

Carbon atoms make up about
45% of the dry mass of the plant.

True False

Plants get some carbon atoms from water.
Plants :et some carbon atoms from air. ﬁ False

From CO, in ai

Planis get some carbon atoms from sunlight. True False
Plants get some carbon atoms from soil. True False
Oxpgen atoms make up about Flants get some oxygen atoms from water. Truej False
45% of the dry mass of the plant | Plants get some oxygen atoms from air. True| False H O O CO
Plants get some oxygen atoms from sunlight. True False 2 ) 2 2
Plants get some oxygen atoms from soil. True False , ,
Hydrogen atoms make up about | Plants get some hydrogen atoms from water. | True] False
6% of the dry mass of the plant Plants get some hydrogen atoms from air. True False H O
Plants get some hydrogen atoms from sunlight. True False P
Plants get some hydmgen atoms from soil. True False
All other elements (mostly Plants get some other atoms from water. True False 1 | 1
_nitrogen, potassium, calcium, Plants get some other atoms from air. True False SO I CO nta I n S
magnesium, and phosphorous) = .
ch Flants get some other atoms from sunlight. True False .
make up about 4% of the dry -
mass of the plant Plants get some other atoms from soil. True | False I I I I n e ra S ﬁ m

You already know is that energy lasts forever in living systems. When dry plants bumn, they relea

energy must have come from somewhere. Use the table below to show where the chemical energy comes from.

se chemical energy. So that

%,

Kinds of energy in plants

Where energy comes from

Your reasons for your ideas

Where does the chemical energy
in a plant come from? 7 —

Plants get some energy from water.

True

False

Plants get some energy from air.

True

False

chlorophyill

Plants get some energy from sunlight.

[_'[mg_] False

Plants get some energy from soil.

True

False

ht

absorbs i




5.1: Tracing Atoms and Energy in Animals

Some things you may already know. One thing you already know is that atoms last forever in living systems. So all the atoms
in an animal must have come from somewhere. Animals need water, air, and food to live and grow. So those are the sources that the
atoms and the energy in animals must come from.

You may not know what kinds of atoms animals are made of. Chemists can take an animal and analyze what kinds of atoms
(what elements) it is made of. The first column of the table below shows what they find. Where does each kind of atom in an animal
come from?

Kinds of atoms in animals Where atoms come from Your reasons for your ideas |

Carbon atoms make up about Animals’ bodies get some carbon atoms from water. True False

19% of the mass of animals. Animals' bodies get some carbon atoms from air. True False C H O 9’/ vCo Se\,l)
Animals' bodies get some carbon atoms from food. True | False 6 12 6 A

Oxygen atoms make up about Animals' bodies get some oxygen atoms from water. True | False

65% of the mass of animals. Animals’ bodies get some oxygen atoms from air. rue WH 0 / O /C H O
Animals’ bodies get some oxygen atoms from food. rue | False 2 2 6" "12 €

Hydrogen atoms make up about | Animals' bodies get some hydrogen atoms from water. | True | False

10% of the mass of animals. Animals’ bodies get some hydrogen atoms from air. True False H O / C H O
Animals' bodies get some hydrogen atoms from food. | True | False 2 6 12 6

All ather elements (mostly Animals' bodi t th t i ater. T Eal . . .
nitrogen, potassium, calcium, b N i s i e e i o Bl P rOtel nS . n ItrOge
magnesium, and phosphorous) | Animals’ bodies get some other atoms from air. True False

D L] . L]
(r;}:?gkrﬁmuglgbnut Bt e e Animals’ bodies get some other atoms from food. True | False Vegg | eS . m I n e ra |

You already know is that energy lasts forever in living systems. The energy in animals must come from somewhere. Use the
table below to show where the chemical energy comes from.

Kinds of energy in animals Where energy comes from Your reasons for your ideas

Where does the chemical Animals' bodi t f ter. T Eal .
ez ifared neal et imals' bodies get some energy from water rue False OOd m O | EC u Ies .
fmmg_;

Animals' bodies get some energy from air. True False

Animals' bodies get some energy from food. True |False energy rlCh bond%




Digestion and Biosynthesis of Carbohydrates

/" small orglanlc )

molecule large organic molecules

Biosynthesis

fiber
(cellulose)

Digestion

;w

J




Digestion and Biosynthesis of Fat
" small orglanlc D

molecu

@ﬁﬁ Biosynthesis
’q,géf
B

byproducts
,%gé“ . e e e

gly rol & fatty acids /

large organic molecules
O%O 5
Cde
06’00 Oo

Digestion




Digestion and Biosynthesis of Protein

 small orglamc )

molecu

large organic molecules

Biosynthesis

Digestion

byproducts

\ o water @, /




