1994 National Chemistry Week

Cleveland Section of the American Chemical Society (ACS)

CHEMISTRY
in the
KITCHEN

This program is designed to be a fun, safe, low-cost, hands-on approach to
teach a group of up to 30 children, grades two through five*, scientific
principles, such as chromatography, acid/base chemistry, chirality, etc., using
food and everyday materials. Learn to identify unknown substances using the
senses and analytical techniques. Learn some fun facts about food. Did you
know that the “left-handed” form of the chemical limonene is lemon flavor
and the “right-handed” form is orange flavor?

* The program can be adapted to other age groups.

Nominated for the Phoenix Award (a national ACS award) for best event in a
library during National Chemistry Week.

The information and activities described here are intended as reference material and to
commemorate the programs given at CCPL libraries in partnership with the Cleveland Section,
ACS. Activities should be done by students only under the direct supervision of an adult such as science
teacher or chemist. The authors, program committee members, anyone named in this script, and the ACS
are not responsible for any injury or accidents resulting from conducting the experiments described
herein. Please be aware that we have tried to minimize error in this script, any error is unintentional.
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SCRIPT BY: Dr. Rosemary Bartoszek-Loza

PROGRAM COMMITTEE: Alan Adoryan, Dr. Fernando Cavalcantt,
Elizabeth Dabrowski, Ann Ebner, Irene Heller, Jason Khayat, Lois Kuhns,
Dr. Rosemary Bartoszek-Loza, Richard Pachuta, Marcia Schiele and Dr.
Michael Setter (NCW Co-Chairs and Program Initiators), Dr. Shermila Brito
Singham.

Additional input from: Dr. Irene Cesa and Lynn Wolfram

THANKS TO: Jason Khayat for “Kitchen Food Detective”- B.F. Goodrich-
Science Qutreach Program

THANKS TO: The chemists who gave this program at the CCPL branches.

THANKS TO: Pris Drach*, Children’s Services Manager in 1994, and the
children’s librarians of the Cuyahoga County Public Library (CCPL) for their
enthusiasm in receiving this program. Thanks to Leslie Molnar, Solon
Children’s Librarian in 1994, and Marcia Schiele for discussions that intiated
the partnership between CCPL and the ACS.

*”[The American Chemical Society, Cleveland Section] would like to do a
family-oriented program using chemistry demonstrations and safe, hands-on
demonstrations with the children. They would provide the demonstrations,
the materials for doing them, and an enthusiastic chemist! The library would
provide the meeting space, publicity, a display of science materials, and
library staff for the program. This would be like having a special family
library program with experts at hand to explain things (such as why dancing
raisins dance - or why they sometimes refuse to dance!) This program fits
in beautifully with our efforts to put science into our library programs.”
Pris Drach, April 18, 1954




PLEASE SEE THE DETAILED SCRIPT FOR ITEMS YOU MUST BRING FROM HOME AND
BACKGROUND INFORMATION

Help them sign their names with "invisible” phenolphthalein ink. Develop the ink fater in the
program.

Introduce yourself, explain the ACS, talk about the different types of jobs chemists do and safety.
Today's presentation focuses on "The Kitchen Food Detective”. Using food found in our kitchens
we will illustrate the types of procedures we use in our careers.

|

Ask the participants to help you identify the contents of the vials. They should describe HOW
(using their senses) before you distribute the vials with the orange tops.

Vial 1 (Alr) - mixture of nitrogen (No, 78%), oxygen (Os, 21%), argon {Ar, 1%) and small
amounts of other chemicals. Can be separated by cooling and compressing the liquid,
then distilling.

Yial 2 (Water) - (Ho0) - a compound of hydrogen and oxygen which can be electrolyzed
into hydrogen and oxygen gas. Mention states of matter: water vapor(gas)-water(liquid)-

ice(solid)

Yial 7(Coffee) - the seed of the coffee tree that contains essential oils which are the source
of aroma and flavor. Contains caffeine (an alkaloid composed of C, H, N,0O)

Vial 9 (Cinnamon! - dried bark of certain evergreen trees

Vial 10 (Salt) - the most familiar is NaCl, common table salt used both as a flavoring and
preservative (draws water out killing bacteria)

MlLl&!.Cia.El[d the bulb of a plant that has a pungent oil which provides strong taste.
Cutting causes smell (enzyme-+tissue reaction). Sweet taste when cooked.




Spot the liquid from Vials 15-19 on coffee filter three times with drying after each application. Let
chromatogram develop as you move on.

VIAL # Unsweetened Kool-Ald® FLAVOR DYE

15, 16, 17  Grape Blue #1, Red #40
18 Purplesuarus Rex Blue #1, Red #40
19 Tropical Punch Red #40, Biue #1

- like coffee, obtained from a plant but not eaten directly. The flavor is
extracted. The volatile oils contain caffeine and tannin.

Use the three cups of brewed tea (red in color). Hibiscus flowers of Celestial Seasons Country
Peach Spice act as the acid/base indicator. Leave one cup as the control. Adding some of Vial
20 {vinegar) to the second cup produces a different red. Adding some of Vial 21 (baking soda
produces a greenish color. After the test mention most foods are acid [lemon juice (pH 2.1),
orange juice (pH 3.0), black coffee (pH 5.0), milk (pH 6.9), egg white (pH 7.6-9.5), baking
soda/water (pH 8.4), household ammonia (pH 11.9).

Spray their sheets with invisible writing with Windex® to develop.

Chemicals containing carbon, hydrogen and oxygen , produced by green plants to store food.

These are important foods for us. They are a source of energy and used to produce fats.

Vial 3 (table sugar] - sucrose, a disaccharide

Vial 11 (powdered sugar) - powdered sucrose, used to sweeten uncooked foods, i.e.
frosting

Vial 12 (honey) - bees convert the sucrose in nectar into fructose and glucose
(monosaccharides)



Yial 4 (flour) - Grain (plant seeds) that contain mostly carbohydrate (in the form of starch
and some sugar) and some protein, lipid{oil) and enzymes/vitamins.

Vial 8 (rice) - Cereal grain that has hulls (covering) removed and is often polished. White
rice is mostly carbohydrate.

Yial 14 (Total® Cereal) - whole grain wheat

- dehydrated potato (an underground stem, tuber, of a
plant, that has a high carbohydrate content) with emulsifier

To enhance cereals, sometimes iron, an element, is added in the form of iron filings. Compare
amounts of iron in Crispix® (Vial 26) and Totak® (Vial 14) by rolling a neodynium magnet in
crushed samples of each,

Starch is detected by a blue-black color in the presen
and Vial 11 (powdered sugar) as the control.

Lipids store twice as much energy as carbohydrates. Natural fats and oils are trigylcerides.
Cholesterol is not a fat but a member of the lipid family found in organ meats and egg yolks.

Yial 5 (Cooking Oil) - Fats and oils are important foods. Fruits and seeds are crushed to
make vegetable oils. Natural fats and oils are trigylcerides.

Yial 25 (Powdered Milk) - evaporating the water gives it shelf life. Whole milk contains 87
wi% water, 3.7 wi% fat, 4.9 wt% lactose and 0.7 wi% minerals.

-
357 peli

Demonstrate taste differences for isomers of limonene. Use garden gloves marked with yellow to
represent the left-handed form (which is lemon flavor) and gloves marked with orange to represent
the right-handed form (which is orange flavor). Children's hands represent taste buds. Limonene
is a natural component of citrus flavors (orange oil contains 80%+ limonene). Children will receive
either a lemon- or orange-flavored candy.




DETAILED SCRIPT
CHEMISTRY in the KITCHEN

Demonstrations and Hands-On Activities Involving Food ‘
CLEVELAND ACS NATIONAL CHEMISTRY WEEK -- NOVEMBER 6-12, 1994

ITEMS YOU MUST BRING FROM YOUR HOME

DEMONSTRATION ROOM SET-UP
INVISIBLE INK/SIGN-IN

INTRODUCTION

KITCHEN FOOD DETECTIVES
PAPER CHROMATOGRAPHY
ACID/BASE DETERMINATION/pH
INVISIBLE INK
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LIST OF FOODS for KITCHEN FOOD DETECTIVE
REFERENCES

OPTIONAL DEMONSTRATIONS that you may add to your program
ACS Balloon Biow-up, Density Column, Oil and Water Cochktail,
Dancing Spaghetti

CHEMICAL STRUCTURES

10

11

12
13
14
14
15
16

16

19
19

20
22




Invisible Ink: To prepare "ink" use either phenolphthalein or Ex-Lax ® tablets. The "ink" will be
yellow in color. With Ex-Lax ® or generic brand tablets: crush, stir in alcohol, let sit overnight,
then decant liquid for use.

We used a fairly shallow baking tray to contain possible spills. To this tray a plastic bottle of
"ink" is glued. The tray also contained sheets of paper for drawing, and Q-tips ® for use as
pens. You may want to practice "developing” before your presentation. For "developing”
invisible ink you need a spray bottle of Windex ® or Glass Plus ®. Make sure to test as
commercial formulations vary. Washing soda mixed with water will also work. Pump hard for
a light, fine mist which works best. If the spray is too heavy, the ink will run.

Kitchen Food Detectives: Fill Vials 15-19 [Kool-Aid ®] with water to the 7 ml mark. Fill
Vials 22 and 23 (crange and lemon extract) with water to the 10 ml mark.

Paper Chromatography: You need to provide 5 jars with fids (or beakers) for this section.
Large plastic cups also work. Cut the coffee filters into strips about 1/2" wide, per the

. attached sample. Sprinkle a dash of salt in each of the 5 jars. About 1 teaspoon of baking
soda for each 1 1.5 cups of water also works well. Fill the jars with water. Fill the jars with
1/4" water for ascending chromatography. Fill jars to the top for descending chromatography.

Acid/Base Determination/pH: Brew two cups of tea in containers you provide with the bags
of tea in your kit. [One bag is a spare]. Bring a container of water for diluting. For a more
dramatic color change, red cabbage juice can be used. To prepare indicator solution, add 2
cups boiling water to finely chopped red cabbage. Upon cooling (approx. 1 hour), filter the
cabbage out. Indicator is ready for use.

Chiral Chemistry: You must provide two pairs of gloves for chiral compound demonstration.
Put the yellow squares on the left-hand glove. Put the orange squares on the right-hand
glove.

Provide paper towels for unexpected spills.
Provide a bottle for the waste liquids.

Foods and containers for the optional demonstrations if you decide to include them.

To enhance group participation, the chemical structures for the materials in each vial were cut
out and mounted on fluorescent paper. As the participant retumed their vial to the presenter,
they were given the structure. Many children were very excited to have something personal to
take home.
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Pin on your "PROUD to be a CHEMIST" or "Chemistry” button.

Option 1: Have 5 tables set up around the room (accommodating 6 participants each) as well
as a head table. In your kit are 5 sets of stickers (chemistry related from the ACS for
Nationa! Chemistry Wk). As participants come into the room, they are assigned a table (by
giving them a sticker that matches one on that table) where they will sit for the whole
program. If you like this arrangement, talk to your librarian about set-up and helpers. it
would be a good idea to have an adult at each table. Each helper can wear a sticker that
matches the table.

Option 2: Have a single "head" table. Keep the participants in a group (perhaps sitting on the
floor or in chairs in the middle of the room) and pass out the materials such as vials to
them. Call individuals to the head table to do experiments.

For Invisible ink: Set up a table near the entrance door for the participants to "sign in" using
invisible ink (phenolphthalein solution- see page 2 for preparation) as they enter. On the table
put the tray, paper and Q-tips. We attached the "ink" container to the tray (glue gun or
masking tape) to minimize spill damage.

for Kitchen Food Detective:
For Option 1, set out 5 vials at each table. Each table needs one of the Vials 15-19.
For Option 2, keep the food vials out of sight until you are ready to pass them out.

For Paper Chromatography: Spread the 5 chromatography “jars", toothpicks and coffee fiiter
strips across the head table or out of the way on the participants' tables. You can use a small
tray on each table with the materials including a small cup to hold the Kool-Aid ® from Vials
15-19.

For Acid/Base/pH: Place your brewed teas, three plastic cups and bottle of dilution water on
the head table

For Starch Detection: Have your tincture of iodine and 2 cups on the head table.

For Chiral Compounds: Have your 2 pairs of gloves, with orange stickers on the right glove,
yellow stickers on the left glove. Have candy ready to distribute at the end of the program.

Handouts: Ready to distribute at the end of the program.
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Have your participants stay outside the room until you are ready to
begin the program OR have several visual displays ready for viewing. |

ey

As the participants enter, have them dip the Q-tip ® into the phenolphthalein solution and draw
their name or a picture on the paper. Let them hold their paper. Develop the ink iater in the
program. If possible, have a helper stationed at the door so you can do “crowd control".

Basic Script. Introduce yourself and tell what you do. Explain we are part of a nationwide
celebration of chemistry called National Chemistry Week, sponsored by the American
Chemical Society. Our goal is to inform/educate and also help everyone enjoy chemistry. For
National Chemistry Week this year our ACS Cleveland Chapter is presenting over 30 talks at
the different libraries in Cuyahoga County, at the Richmond Mall and at the NASA Visitor
Center.

Being a chemist does not mean we only work in a lab (i.e., mad scientist stereotype). We work
in industry, in government and in teaching. Our jobs may be as instructors, professors,
research scientists, plant development chemists, marketing, sales; management and law.
Mention the number of different industries: chemical, polymer, oil, environmental,
pharmaceutical, etc. Mention safety in the lab and plant. Mention how we dress for the
different jobs (lab coat in the lab or plant vs. suits for meetings, etc.).

Convince them that their kitchen is like a well-equipped lab. Ingredients are measured and
heat is used to prepare meals in the kitchen - like chocolate pie and spaghetti sauce. Explain
that today we will work with only things found in their kitchens and will not need safety
equipment.  As scientists in our labs, we measure chemicals, use them to run reactions and
produce useful products.

What is chemistry? Chemistry is a basic science. It influences every aspect of our lives and
touches all the other sciences. Everything that improves our quality of life - that makes us
more comfortable, safer, healthier,...can be attributed, in part, to chemistry.

Ask  WHAT is a chemical?
WHERE do we see and use chemicais?
HOW are chemicals important to us?

The breakthrough that allowed chemistry to be a central science was the development of
afomic theory - that all things are made of afoms and molecules (John Dalton, about 1800).
Chemistry is the language of many fields. Some examples:
Biologists study the chemicals in iiving things (chemicals in our body include salt,
hormones, proteins).
Doctors/pharmacists use and develop medicines(chemicals) to control specific diseases.
Astronomers study the chemical composition of stars, planets and space.
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Geologists study the chemical make-up of rocks helping to locate oil.
Farmers use agrochemicals like fertilizers and pesticides to improve crop yields.
Material scientists develop semiconductors and improve processes for computers.

Tie things up by saying: Chemicals are all around us. They are part of our daily lives. We
breathe a chemical (mixture) everyday...AIR. We drink and bathe with another very popular
chemical...WATER. Chemicals are in the clothes we wear (Polar Plus ® jackets, waterproof
mittens, boots), the aromas we smell (baking cookies, gasoline when filling up the gas tank),
the objects we touch (painted walls, telephones) and in our own bodies (carbohydrates,
glucose, proteins, amino acids). By the end of this presentation, we hope that everyone will
have a better understanding of chemicals in our kitchen that our bodies use to make energy.

Basic script: You probably would believe that chemicals are in our clothes, cars and bodies,
but do you think they are even in our kitchen? The kitchen is full of chemicals (and we are not
talking about those cleaning detergents under the sink). Did you know that all of the food we
eat is made of chemicals? Those four food groups - or the "new pyramid” - are made of
chemicals! We may know these food chemicals as bread, cheese, apples, carrots, hot dogs
and potato chips.

Tell the participants that you have a problem: | went shopping for groceries, put everything
away in the kitchen, and then went to sleep. The next moming when | awoke, | found these
clear plastic vials with orange tops in my cupboards. All the boxes, cartons, plastic bags,
metal cans and large glass containers were empty.

Ask the participants if they want to help solve this puzzle of identifying the contents of these
vials by being KITCHEN FOOD DETECTIVES.

When they respond, "YES", tell them that FIRST they must describe HOW they will solve this
problem. Ask them WHAT they need to do to identify the food in the vials. This exercise
encourages the students to think about the process of solving problems. Given this probiem,
they should state that they need some tools (their senses). SIGHT and SMELL are the
preferred answers (TASTE is also a comect tool, but kindly inform them that is not allowed.
They can try it that way themselves later at homel)

Distribute the clear vials with the orange tops. Tell them NOT to take off the tops until you
are working with each one of them. They will be called one at a time.

The contents of each vial are on page 19. You may identify the vials in numerical
order if you wish. However, the script allows for more of a story to be told.

As they are thinking, let them know that different chemicals (like SALT and SUGAR) look alike,
but they are not alike after a more detailed examination.

In addition, let the participants know that scientists have equipment or sophisticated
instrumentation that does detective work for them {similar to their sense of sight, smell and
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taste). The equipment can identify chemicals that cannot be identified using our common
senses [qualitative and quantitative analysis].

Vial 1 (Air] and Vial 2 {(Water): These vials contain two very essential materials needed
for humans to live on earth. Vials look alike except for light bending (in water). Also, an air
bubble will move up through the water when the vial is tumed over.

Vial 1 {Air): a mixture of chemicals, mostly nitrogen {(~80%) and oxygen (~20%) and small
amounts of carbon dioxide, neon, argon, efc. The gases of air are separated by
compressing and cooling to liquefaction. Nitrogen is distilled off, then argon and neon (for
use in light bulbs). Oxygen stays liquid. Oxygen and nitrogen can be used in making
other things.

AIR | NITROGEN - N»
OXYGEN  -0O2

CARBON DIOXIDE - COg

NEON - Ne

ARGON -~ Ar

Vial 2 (Water): made up of the elements hydrogen and oxygen. These elements can be
separated by heating water hot enough to break apart the molecules. But it is easier to
using an electric current to break apart the molecules. Early chemists identified hydrogen
and oxygen in water by passing an electric current through it and collecting the gases. You
may also want to mention the states of matter here: water vapor(gas)-water(liquid)-
ice(solid).

WATER Ho0

Vial 7 {Coffee): If they have not identified it yet, open the vial and smell. Coffee beans
are obtained from plants. We don't eat coffee intact as a vegetable or use coffee to flavor
foods. Instead, the beans are chemically modified and then soaked in hot water. Two
species of coffee trees are used commercially: arabica and robusta. Robusta is actually
more neutral in flavor. Coffee undergoes two-stage processing. At the country of origin,
the seeds are removed from the berries that enclose them by fermentation. The seeds are
then dried and shipped. At the manufacturer, seeds are roasted to develop color and
flavor. Before coffee can be brewed it must be ground into smaller particles that will readily
give up their flavor.

Caffeine occurs in coffee (100 mg/8 oz. cup), tea (50 mg/8 oz. cup), cocoa {15 mg/8 oz.
cup} and soft drinks {50 mg/12 oz. can). Caffeine is an alkaloid with several different
effects on the human body. It stimulates the brain cortex and in small doses can improve
attention, concentration and coordination. It increases water elimination of the kidneys,
stimulates gastric secretions, makes skeletal muscles less sensitive to fatigue and
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stimulates the action of the heart, causing blood vessels to widen everywhere but the
brain, where they are constricted. An overdose of caffeine magnifies these effects causing

problems.
0 (|:H3
0)\111 N

CH;

CAFFEINE

Vial 8 (Cinnamon): If they have not identified it yet, open the vial and smell. Cinnamon is
the dried inner bark from two related evergreen frees native to Asia. One tree yields true
cinnamon - tan in color. The second tree, more strongly scented, is cassia — dark red
brown in color. Today most "cinnamon” sold in the United States is cassia.

CINNAMIC ALDEHYDE

Vial 10 (Salt): We now take salt for granted. !t was once a highly prized commodity.
Roman soldiers were paid special allowances to buy salt called salarium from which the
modem word salary is derived. Salt is used both as a flavoring and preservative. As a
preservative, it was especially important before the days of refrigeration. it creates a
concentration of dissolved ions outside bacteria and mold cells. Water inside the relatively
dilute cells is drawn out across the membrane. The microbes dry up and either die or slow
down drastically.

SALT NaCl (Sodium Chioride)

Vial 13 (Garlic): [f they have not identified it yet, open the vial and smell. Garlicis a
member of the onion family. Garlic tissue contains an odoress precursor derived from
cysteine (a sulfur-containing amino acid) which is stable under normal conditions. When
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the tissue cells are sliced with a knife, the precursor is brought into contact with an enzyme
that converts it into ammonia, pyruvic acid and a mildly gariicky but unstable compound.
This compound changes into diallyl sulfide that gives the characteristic garlic odor. This
odor is quickly subdued by cooking. Some odor molecules are driven off by high
temperature. Other odor molecules are converted to complex molecules that are 50 to 70
times sweeter than sugar.

GARLIC
AMMONIA -- NH3

PYRUVIC ACID --
CH3COCO2H

DIALLYL SULFIDE —
CHo=CHCH2S-SCHoCH=CHy

Vials 15-19 contain a half packet of unsweetened Kool-Aid®. You must add water to the 5 or
7 ml mark. The solution must be concentrated for the chromatography to work well. The
separations of the red and blue dyes show up best, so Grape and Purplesaurus Rex were
chosen. Tropical Punch is not as dramatic, but it is a good illustration to show that many of the
things we need to study in the lab are not clear-cut. Other Kool-Aid® ingredients are: citric

acid (provides tartness), calcium phosphate (prevents caking), ascorbic acid (Vitamin C) and
artificial flavor.

VIAL # Unsweetened Kool-Aid® FLAVOR DYE

15, 16, 17 Grape Blue #1, Red #40
18 Purplesaurus Rex Blue #1, Red #40
19 Tropical Punch Red #40, Blue #1

BLUE #1 -- C37H3gN209gS3:2NH3
RED #40 -- C1gH16N208S2:2Na

CITRIC ACID
HO2CCHZC(OH)(CO2H)CH2COH
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Basic script: You believe Vials 15-19 contain a solution of different chemicals. This test will
help identify the components. The experiment will take 5-10 minutes, so they can help you set
it up. You will examine it later. They should keep their eyes on the jars and iet you know if
anything is happening. Call up your volunteers, one-at-a-time, to your head tabie OR do the
experiments at the individual tables. Help each volunteer "spot” the liquid on the strip of
coffee filter with the toothpick. Keep the spot above the water depth for ascending
chromatography. Blow lightly on the spot to dry it. Spot again exactly in the same place. Dry
again and spot for a third time. Explain you need to concentrate the test liquid so the results
can easily be seen. We've provided enough coffee filters for your entire group if you want
everyone to participate.

Set up the developing jars in one of two ways:

1. Ascending chromatography: Normally, about 1/4" water is placed in the bottom of the jar.
The paper strip, spotted in the center, is placed inside, with the paper in the water. Make
sure that the spot is not touching the water, . As the water rises up the paper, it camies the

" dyes at different rates. We've found the paper tends to stick to the jar wall uniess you
wrap the top around a pencil. Even then, it may stick.

2. Descending chromatography: Fill the jar to within 1/4 " of the top with water, to provide a
head space. Let the paper strips, spotted in the center, hang on the outside. Make sure
that the spot is not touching the water. The water then travels down the paper. Atthe
individual tables each child can do a strip. The 6 strips can then be hung outside the jar.

Hopefully this experiment will run until you finish the acid/base section. Keep an eye onit so
that once the water reaches the top of the paper and the colors have separated, the strips can
be removed and allowed to dry so they can be passed around. Ask the participants what they
think happened.

Why did the spot move and change into different colors?

Why are the colors at different points on the paper?

Ask them what other kinds of things they could test around the house? Food coloring, magic
markers, M&M's®, green leaves (needs ethanol as solvent), etc.

Some background: Chromatography was originally developed to separate plant pigments.
Today there are many techniques for separating a wide range of substances. The substances
are dissolved in water or other solvents. They migrate through an absorbent material at
different rates. A few common substances are made up of just one chemical element or
compound, i.e. water, salt. But most substances are mixtures, like air, food, milk, oil and
gasoline. The chemicals in a mixture may be thoroughly intermingled, but they do not react
together. Like different marbles in a box, their molecules remain intact. With the right
technique, the elements and compounds in a mixture can often be separated out. When
water is used in chromatography, waler moves up the paper strips through capillary action.
Some separation can occur even before putting the strip in  because there was water in the
sample vials. If appropriate, explain that water is a polar solvent and like-dissolves-like.
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Have the holder of Vial 6 come forward. If they have not identified it yet, open the vial and
smell. Identify the ingredients as tea leaves.

Vial 6 (Tea Leaves): Like coffee, tea is obtained from plants but not eaten or used to flavor
foods. Fresh tea leaf brewed alone gives a raw, thin liquid with little or no body. To
improve fiavor, a four-stage process is used: withering (drying), rolling (to crush the
chemical components together), fementing (80°F) and firing (200°F to give moisture
content of ~5%). Fermenting develops flavor by transforming coloriess, flavorless phenolic
substances into pigment molecules that are also astringent tannins. Color changes occur
from yeliow (uncondensed) to orange-red to brown (condensed). Brisk tea has more

tannin than flat tea (11:1 red-brown to yellow). Flat tea is 20:1 brown to yellow.

Ask the audience what else they think tea could be used for besides drinking. Explain that we
will use a certain tea as an indicator to test whether foods are acidic or basic. See whether
anyone knows what an acid or base is.

The properties of acids and bases affect us continuously in our daily life. Acidic foods taste
sour. [f you put a little lemon juice on your tongue, it tastes sour. With bases, we make soaps
and detergents. Bases taste bitter and feel slippery. Tests using our senses are often not
thorough enough. Tasting unknown samples can be very dangerous. In our labs we use
various chemicals as indicators. Indicators work by tuming a distinctive color when added to
an acid or base. Today in keeping with our food theme, we will use tea as an "indicator” for
acids and bases.

The tea in Vial 6 does not have the proper ingredients o be an indicator. Celestial
Seasonings Country Peach Spice® does. Of all the teas we tested, this tea gave the most
dramatic color change. Hibiscus flowers, the main ingredient, contain an anthocyanin that is
PH sensitive. An altemative indicator with a more dramatic color change is red cabbage juice.
However mold appears with time and couldn't be included in the kit.

Country Peach Spice® Red Cabbage Phenolphthalein

Acid red red yellow
Neutral peachy-red purple
Base greenish blue/green pink

Pour about 1/2" of brewed tea in each of the three cups. Add water to fill the cups half full.
Have the holder of Vial 20 (vinegar, acetic acid) pour some of their liquid into one cup. Have
the holder of Vial 21 (baking soda, sodium bicarbonate) pour some of the solid into one cup.
Stir. Feel free to bring in other foods for additional.tests to further illustrate acid/base behavior.
Washing soda is effective in demonstrating the pink color of phenolphthalein.

Vial 20 (Vinegar): Used in the home for cooking (tenderize meat) or to make salad
dressing.
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VINEGAR

ACETIC ACID - CH3CO2H

Vial 21 {Baking Soda): Used in the home for baking, produces CO2 when heated causing
dough to rise.

BAKING SODA

SODIUM BICARBONATE -- NaHCO3

Some background: Each of the jars we used in the chromatography experiment contained
water. The molecular formula for water is H»>0. It is one molecule. However, even absolutely
pure water can contain other molecular structures. Water tends to dissociate (bonds break) to
a slight extent producing hydrogen ions (protons) and hydroxide ions

H:.0 — HY + OH

Chemicals that produce protons are called acids. Weak acids are lemon juice (citric acid) and
vinegar (acetic acid). Strong acids, such as sulfuric acid are highly corrosive; they can bum
and sting and even cause metals to dissolve. We could not bring the strong chemical acids to
this demo. The complimentary chemical group that accepts protons and neutralizes them are
called bases. Weak bases, like baking powder, taste bitter and feel soapy. Strong bases such
as sodium hydroxide (caustic soda) are as dangerous as strong acids.

Practically every food we eat, from steak to coffee to oranges, is acidic. A scale was
developed to measure how acidic or basic substances are. Refer to further examples using
the attached chart.

pH PH
Human gastric juice 1.3-3.0 Mitk 6.9
Lemon Juice 2.1 Egg White 7.6-9.5
Orange Juice 3.0 Baking Soda/Water 8.4
Black Coffee 50 Household Ammonia 11.9

v

Walk around the room and spray their "invisible ink" sheets. Spray lightly (pump hard) to
prevent running.
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Carbohydrates are important foods. They are chemicals containing carbon, hydrogen and
oxygen.

Sugaris a simple carbohydrate. There are "single" (mono), "double” (di-) and "triple” (tri-)
sugars (saccharides) Sugars are a source of food for plants and animals. Many different
kinds of sugar exist in nature but only three are found in any quantity in the kitchen: glucose,
fructose, sucrose. Glucose and fructose have the same chemical formula — CgH420g - but
slightly different molecular structures. They are the major components of honey. Sucrose,
table sugar, is one glucose molecule and one fructose molecule joined together. Candy is

usually sucrose mixed with small amounts of other sugars and flavorings such as oil of orange
or iemon (limonene).

You may want to have the holders of Vials 3,11 and 12 come forward. You could have 2 of the
3 holders stand apart and represent honey, each child being a single sugar unit - one glucose,
one fructose. Then when they are put together they make the di-sugar sucrose, table sugar.

Vial 3 (Table sugar): sucrose, a disaccharide

Vial 11 {Powdered sugar): This is also known as Confectioner's Sugar. It is powdered
sucrose. ltis used to sweeten uncooked foods without making them grainy. Because it

can absorb water and clump, it is usually packed with cornstarch. It should be sifted before
measuring.

Vial 12 (Honey): bees convert any sucrose in nectar into glucose and fructose,

monosaccharides
CH,0H
HO. § HORG 0
0 H CH,OH
OH HO OH
H
GLUCOSE FRUCTOSE
HONEY
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CH,OH

HO OH;C  o. _CH,0H
TABLE SUGAR
HBO 4] H
OH

H
0
OH

Starch is a complex carbohydrate. ltis a polymer consisting of thousands of glucose
molecuies linked together. Picture a train made up of thousands of identical cars. Seventy-
five percent of starch is amylopectin (branched giucose polymer). Twenty-five percent of
starch is amylose (linear glucose polymer).

Starch is produced by plants from sugar photosynthesized in leaves. While sugar is soluble in
water, starch is not. Plants deposit starch in tiny granules (2-50 micron) whose size, shape
and composition vary depending on the plant (wheat, barley, rice, maize, oats, rye). Grains
have to be milled and refined to remove their tough, protective layers and make them easier to
cook and to chew.

You may want to have the holders of Vials 4,8,14 and 24 come forward. Each child can
represent a single glucose sugar unit. If they were joined together along with thousands of
other children they would form starch.

Vial 4 (Flour): Flour contains protein, starch, lipid, sugar and enzymes.
Starch (70 wi%) is the major component of flour.
When proteins (27 wt%) are mixed with water, gluten is formed. Bread dough could
not rise without gluten! Gluten is plastic and elastic. Picture the protein molecule
like coiled up fishing line. It will change its shape under pressure (kneading) and tend
to reassume its original shape when pressure is removed. It can expand to incorporate
carbon dioxide produced by yeast and yet put up enough resistance that it will not thin
to the breaking point. When you overwork dough, you take it past the point where the
protein molecules can recoil. It is postulated that disulfide bonds of the protein are
pulled apart. The thiol groups pick up hydrogen ions from water.
Sugar (2 wi%) feeds the yeast. It lasts only a short time. Flour manufacturers do not
supplement flour with additional sugar but with malted grains or barley that sprout.
Enzymes develop which break down the starch to produce more sugar.
Lipids (1 wt%) are concentrated in gluten and necessary for the dough to rise.

Vial 8 (Rice): The principle food for 1/2 the world's population. It does require a lot of
water to grow — rice paddies - but the water is there to drown out weeds! The hull is
removed leaving "brown rice”. This is an intact kernel covered with bran layers. Next an
abrasive process removes the bran and most of the germ. The resultis a milled,
unpolished rice. Polishing in a brush machine removes the aleurone layer. This iayer has
a high fat content and limits storage. Polished rice is fortified with vitamins by applying a
solution to the outside of the grain, coating with a protein powder and drying. To retain the
coating, do not rinse rice before cooking and use a minimum amount of water. For
CONVERTED RICE, the whole grain is steeped in water, steamed and dried before milling.
Vitamins gelatinize the aleurone layer and make it adhere to the grain.

01/27/95/-ms 13




Vial 14 (Crushed Total® Cereal): Whole grain wheat, sugar, whole grain brown rice, iron
filings.

Vial 24 (instant Potato Flakes): are dehydrated potato with emulsifier (mono and
diglycerides) and preservative (sodium acid pyrophosphate, sodium bisulfite, citric acid).
Potato plants are relatives of tobacco and tomato. Potato was originally cultivated in the
mountains where com could not grow. There are two types of potatoes. Mealy are used
for baking and mashing. They will sink in salt water. Waxy are used for potato salad and
will float in salt water.

Elemental iodine reacts with starch to produce a blue-black colored complex molecule.

Basic script. As a chemist who is trying to determine the types of chemicals in a
sample, | want to know if individual sugar molecules are present in a food or if they
have joined together to form starch. If | have a test for starch, how would | know that it
is not going to work for sugar? Test a "blank” with no starch, a control - powdered
sugar (Vial 11).

Fill two small transparent cups with water, 1/8 full.

Into one of the cups sprinkle about 1/4 teaspoon of instant potato flakes (Vial 24), into
the other sprinkle about 1/4 teaspoon powdered sugar (Vial 11)

Gently swirl both cups for about 15 seconds, or until the sugar has dissolved.

Shake into both cups a couple of drops of tincture of iodine [Keep away from children].
The more drops you add, the darker the potato solution will tum.

Optional:
Repeat with a third cup and sample to see if the unknown contains starch.

To enhance cereals, sometimes iron, an element, is added in the form of iron filings. Qur
bodies can't use metallic iron. However, in our stomach iron reacts with stomach acid to
produce Fe2* which is a more useful form. Adding filings is approved by the FDA (Food and
Drug Administration). This technique protects against the oxidation of iron.

Two options:
1. Compare amounts of iron in Crispix ® (Vial 26) and Total (Vial 14) by rolling a
neodynium magnet in crushed samples of each.
2. Add a magnetic stirring bar to crushed Total in water and stir on a magnetic stirrer
about 20 minutes. Remove the bar and observe the iron slivers.
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Fatty acids, fats and oils are all members of a iarge chemical class calied the lipids. Like
carbohydrates, lipids are an energy source. While sugars and starch store energy, lipids store
twice as much energy as carbohydrates in a given weight. They are a much more efficient
energy supply. Lipids are converted to phospholipids and transport molecules for the cells.

Oils are liquids at room temperature. Fats are solid. The major constituent of natural fats and
oils is the triglyceride, a combination of three fatty acids and one molecule of glycerol. A given
fat will be a mixture of several different triglycerides.

Cholesterol is not a fat but a member of the lipid family found in organ meats and egg yolks. It
is also synthesized by our body in the liver and intestine. Deposits on the wall of blood
vessels result in poor circulation.

Vial 5§ {Cooking Qil) Fats and oils are important foods. Fruits and seeds are crushed to
make vegetable oils. Natural fats and oils are triglycerides.

CH20H CH20COR
| ' |
CHOH + 3 RCHOOH =» CHOCOR
I |
CH20H CH20COR
TRIGLYCERIDE
CH;
CH
HO

CHOLESTEROL -
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Proteins are important in our diet. They are needed for growth, healing and just about every
chemical reaction that goes on inside the body. Proteins are large molecules of amino acids
containing C, H, O and often suifur (S). Some proteins have phosphorus (P), iron (Fe),
zinc(Zn) and copper (Cu) as well,

The Biuret test did not work well. We were informed we needed cormect pH and heating. The
sample will tum purple if protein is present. Copper salts react with peptide bonds in protein to
form violet-colored compounds. Another quick test for proteins is to hold a sample with
tweezers over a candie flame. If the food contains protein, it will give off an odor of bumt
feathers or leather.

Vial 25 (Powdered Milk): Most powdered milk is made from low fat milk. Low fat milk is
produced by centrifuging off the fat globules before homogenization. Evaporating the
water prevents bacteria from growing, giving milk a shelf iife. Milk contains 87 wi% water,
3.5 wi% protein, 3.7 wt% fat, 4.9 wt% lactose and 0.7 wt% minerals. Pasteurizing mitk
destroys all disease causing organisms. Conditions vary from 144°F for 30 min. to 280°F
for 1 second. The fat molecules naturally aggregate and rise to the top (creaming). Milk is
homogenized to prevent this from occurring. When forced through a small nozzie at high
pressure, the fat is broken into uniform molecules one-fourth their original size.

Garden gloves are used here. Right glove has orange-papered palm. Left glove has yellow-
papered palm.

Basic script. One neat thing about food chemistry is that it makes you hungry because of the
pleasant tastes and smells. Your senses of taste and smell work using chemistry too. The
nerve endings inside your nose and mouth are stimulated by chemicals. Then the nerve
endings send signals to your brain.

Do these gloves look similar? Except for the colored palm, they appear identical. But are
they? Have the participants holding Vial 22 (orange extract in water) and Vial 23 (lemon
extract in water) join you in the front of the room. Set their vials down. Tell the participants to
pretend their hands are taste sensors. If the glove fits their hand, the correct signal is sent to
the brain.

Take the right glove (orange Iabel) and try to put it on the left hand of one of the volunteers.
Hopefully, they will tell you that it does not fit. Say that the taste sensor does not recognize
the chemical. No message is sent to the brain. Usg your hands to point to the connection
between their hand (taste sensor), nerve (arm) and head(brain). Then put the right glove on
their right hand and say now the chemical is recognized. The brain is told this is an orange
fiavor. Be very dramatic ~ We tested this on REAL kids at our meeting and it worked very
weli! Continue on until all four gloves are on.
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The gloves represent "mimor-image” chemicals called isomers. ‘These chemicals are like a pair
of gloves. The "thumb" is on a different side. Just as our eyes can tell our hands apart, our
nose can tell the isomers apart.

Have everyone put there head down and close their eyes. Let the holders of the vials walk
around the room with Vial 22. Have the kids raise their hands as they recognize the smell.
Repeat with orange.

The chemical with the orange smell is "right-handed limonene". The chemical with the lemon
smell is "left-handed limonene". They are the major components of natural lemon and orange
oil used to flavor candy. You can call this chiral candy. Pass out"I" and "d" samples to take
home.

ORANGE LEMON

Some background: Right- and left-handed gloves are not interchangeable even though they
are identical in shape and size. This is also true of "chiral” isomers (most organic molecules
such as those found in nature, are in either right- or left-handed). Has anyone heard of Lewis
Carroll who wrote Alice in Wonderand (completed in 1865)? He also wrote Through the
Looking Glass in 1872. A looking glass or a mirror reflects everything back so that it looks
familiar but is really different - for example your right ear becores your left ear. When Alice
stepped through a looking glass everything looked familiar but different. Carroll wrote this after
Louis Pasteur discovered an organic chemical that existed in two mirror image forms in 1848.
Louis Pasteur was drinking red wine when he saw crystals at the bottom of the glass. When
he separated the crystals, he found that some crystals rotated light clockwise, while other
crystals rotated light counterclockwise. ,

Natural amino acids that make up proteins are left-handed. Most single sugars in nature are
found in one form. Oil of lemon and oil of orange are natural flavors that are chiral isomers of
limonene. The right-handed form is orange, the left is lemon. "Orange” and "lemon" hard
candies, if flavored with natural oil, contain these isomers. According to a food chemist
formerly at Durkee, synthetic orange and lemon flavors are also the right- and left-handed
forms of limonene.

The lefi-handed form of the flavoring carvone tastes of caraway, while the right tastes of
spearmint. Man-made processes for making organic compounds usually produce a mixture of
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right- and left-handed isomers (a racemic mixture). An example is the production of drugs
where one form has the desired therapeutic effect, and the other is "inert”. Ibuprofen is a
mixture of two chiral molecules, with the left-handed being therapeutic. One isomer of
thalidomide was effective as a sedative, the other caused tragic birth defects. Scientists, say
in pharmaceutical and agrochemical companies, are now working on separating isomners or
using specific enzymes or catalysts that produce only one form of an isomer. The result
should be better medicine with fewer side effects.
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LIST OF VIAL CONTENTS FOR KITCHEN FOOD DETECTIVES

jal Contents Chemical Page"

air nitrogen, oxygen, carbon dioxide, argon and neon

water H20

table sugar sucrose 367
flour starch, protein, lipids, enzymes 284
cooking oil triglyceride 597
tea tannins, caffeine 215
coffee tannins, caffeine 219
rice starch (complex carbohydrate) 237
cinnamon cinnamic aldehyde 209
salt sodium chioride 103
powdered sugar sucrose, comnstarch 394
honey glucose, fructose ' 367
garlic ammonia, pyruvic acid, diallyl sulfide 156

ik

crushed Total cereal whole grain wheat, sugar, whole grain brown rice
Grape Kool Aid®

Grape Kool Aid® citric acid, calcium phosphate, ascorbic acid, artificial
Grape Kool Aid® fiavor, dyes (such as Biue #1, Red #40)
Purplesaurus Rex Kool Aid®

Tropical Punch Kool Aid®

vinegar acetic acid

baking soda sodium bicarbonate

orange extract/water d-limonene

lemon extract/water |-limonene

instant potato flakes dehydrated potato with emulsifier(mono and diglycerides)
powdered milk water, protein, fat, lactose, minerals 431
Crispix® cereal

i

Wi
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*Page numbers refer to : On Food and Cooking. The Science and Lore of the Kitchen by
Harold McGee, Charles Scribner's Sons, 1984 **ngredient labels

Introduction: Chemistry Today, World Book, Inc. 1987.  Kilchen Food Detectives: On Food and Cooking. The
Sclence and Lore of the Kitchen by Harold McGee, Charles Scribner's Sons, 1084.  Acid/Base Dstermination.
*Teas as Natural indicators” by Diane N. Epp, Journal of Chemical Education.  Starch Detection: At Projects in
Chemistry by Janice VanCleave. fron Detection: "Separating Metallic Iron from Cereal” by Lee Summeriine and
James Ealy, Chemical Demaonstrations, Vol. 2, Washington, DC: American Chemical Society, 1888, p. 62.
Protein: Science Experiments for Primary Grades, Oak Lawn: ideal School Supply Company., 1980, p.63,64.
Chiral Compounds: _ Letter from Peerless Confection Co. to Dr. Mike Sefter; August 31,1994 "Drugs with Two
Faces”, Sunday Telegraph, Jan. 8, 1894, p. 13; "The Exploitation of a Quirk of Nature”, Financial Times, Nov. 7,
1993; "Chiral Drugs The Other Hand", the Economist, Dec 4., 1994; "Science Through the Looking Glass", by Clive
Cookson, Financial Times, Dec. 4, 1993; "Drug Firms Sort theii Lefts from Their Rights” by Norma Moran, "Second
Enzymatic Spinoff Hopes to Profit from Rising Importance of Chiral Chemicals", the Wall Street Journal, Jan. 17,
19894; "Chiral Drugs by Stephen C. Stinson, Chemical and Engineering News, September 18, 1904, p. 38.
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ACS BALLOON BLOW-UP

This can be used as a demonstration of a violent reaction between an acid and a base. It also
¢an be used to demonstrate how a chemical reaction can be used to do useful work.
- Chemicals: 20 ml of vinegar, 1 teaspoon of baking soda.
Equipment: 1 pop bottle, 1 ACS NCW balloen, 1 metal twist tie.

Carefully place all of the baking soda into the balloon. Slowly pour the vinegar into the bottle.
Carefully piace the neck of the balloon over the top of the bottle and secure it with the twist tie
so that the balloon wili not fly off. Be extremely careful to no let the baking soda inside the
balloon fall into the bottle. When you are ready to blow-up the balloon, hold the balioon
upright over the bottle. The baking soda will fall into the vinegar, releasing carbon dioxide to
inflate the balloon.

DENSITY COLUMN

Students can determine the relative densities of common household liquids.

Chemicals: 150 ml of pancake syrup, dishwashing liquid, shampoo, water
Equipment: 500 mi graduated cylinder

Slowly pour all the liquids into the graduated cylinder in the order they are found in the list. itis

important to add slowly, so as not to mix the layers in each other. Set the column on the table
as students walk in the room.

AN OIL AND WATER COCKTAIL

Most students are aware of the fact that oil and water will not mix. This is because the water is
polar, while the oil is primarily @ nonpolar molecule. This demonstration provides an interesting
display of the density differences between water and ice, and the lack of solubility between oil
and water.

Chemicals: 200 ml of water, blue food coloring, 200 mi of cooking oil, 1 ice cube
Equipment: 500 ml graduated cylinder

Pour 200 ml of water into the 500 ml graduated cylinder. Add 2-3 drops of blue food coloring
to enhance the water's visibility. Slowly pour in 200 ml of vegetable oil (which is an
unsaturated fatty acid, such as oleic acid, C47H33COOH). The oil floats on top of the water
due to its lower density. Drop a large ice cube (dry its exterior first) into the cylinder, and it will
float to the top of the oil. The expanded structure of ice can be discussed here to explain its
lower density. As the ice cube begins to melt, the drops of water will sink slowly down through
the oil, where they will settie on the surface of the colored water below. Note the spherical
shape of the water droplets as they fall through the oil. This will continue for about 30 minutes.
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DANCING SPAGHETTI

Chemicals: uncooked spaghetti, vinegar, baking soda, food coloring
Equipment: large clear container, teaspoon, measuring cup

Fill the large container with water. Add 3-4 drops of food coloring. Add two heaping
teaspoons of baking soda. Break the uncooked spaghetti into pieces approx. 5 cmlong. Add
the spaghetti pieces to the baking soda solution and stir. Add approx. 100 ml of vinegar
(approx. 1/3 cup) and continue stirming for about 30 seconds. The solution should remain
active for about 15 minutes and can be rejuvenated with additional vinegar and/or baking
soda.
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AIR NITROGEN --N2
OXYGEN -- 02
CARBON DIOXIDE -- CO2
NEON -- Ne
ARGON -- Ar

WATER H20

CINNAMIC ALDEHYDE

SALT NaCl (Sodium Chioride)
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GARLIC:

AMMONIA -- NH3

PYRUVIC ACID --
CH3COCO2H

DIALLYL SULFIDE --

CH2=CHCH2S-SCH2CH=CH2

BLUE #1: C37H36N209S3-2NH3
RED #40: C13|H15N20382-2Na

CITRIC AClD.: |
HO2CCH2C(OH)(CO2H)CH2CO2H

VINEGAR: = ACETIC ACID -- CH3CO2H
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BAKING SODA: SODIUM BICARBONATE

NaHCO3
CH,OH
Ho ? HOHG
j: : :CH OH
0 HO 2
HO OH HO OH
OH
GLUCOSE FRUCTOSE
HONEY
CH,0H
HO HOHC, o CH0H
TABLE SUGAR
HO 0 OH
on OH
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CHo0H CH,0COR

|
CHOH + 3 RCHOOH - CHOCOR

(|:H20H cl:Hzocon
TRIGLYCERIDE
CH;
CI
HO
CHOLESTEROL
)Mol ENE
ORANGE LEMON
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Fizzle Fun

YOU NEED: small balloon
pop or catsup bottle
vinegar
baking soda
teaspoon

YOU DO: 1} Pour an inch of vinegar into the bottle.
(Working over the sink saves on
cleanup time.)

2) Put 2 teaspoons of baking soda inside
the balloon. (For added fun you can
draw a face on the balloon first with
a felt marker or paint.)

3) Quickly slip the open end of the balloon
over the neck of the bottle.

4) WATCH WHAT HAPPENS! You have
created a gas which fills the balloon.

If you don’t have a balloon, add the baking soda to the
vinegar in a jar or glass and watch it foam.
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