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About the Guide

Teacher’s Guide editors William Bleam, Donald McKinney, Ronald Tempest, and Erica K. Jacobsen created the Teacher’s Guide article material. E-mail: bbleam@verizon.net
Susan Cooper prepared the anticipation and reading guides. 

Patrice Pages, ChemMatters editor, coordinated production and prepared the Microsoft Word and PDF versions of the Teacher’s Guide. E-mail: chemmatters@acs.org
Articles from past issues of ChemMatters can be accessed from a CD that is available from the American Chemical Society for $30. The CD contains all ChemMatters issues from February 1983 to April 2008. 
The ChemMatters CD includes an Index that covers all issues from February 1983 to April 2008.

The ChemMatters CD can be purchased by calling 1-800-227-5558.

Purchase information can be found online at www.acs.org/chemmatters
Student Questions

1. What is the function of air in ice cream?
2. What is meant by the term “overrun”?
3. What difference in melting rate is caused by the amount of air in ice cream?
4. What is the relationship between the amount of air in ice cream and its density?
5. What is an emulsion? Explain how ice cream can be considered an emulsion.

6. Why is sugar added to the ice cream mix when the milk in ice cream already contains the sugar, lactose?
7. What percent of ice cream must be fat?
8. What is the purpose of fat in ice cream?
9. What steps must be taken to have the fat in ice cream mix with the other non-fat, water-based ingredients?
10. What are some other emulsifiers in ice cream beside the milk proteins, casein and whey? 
11. What purpose is served by adding stabilizers to the ice cream mix?
Answers to Student Questions
1. What is the function of air in ice cream?
By adding air to the ice cream mix, you increase the volume of the ice cream which, in turn, increases the time it takes for the flavor molecules to trigger the taste receptors in the mouth and tongue.
2. What is meant by the term “overrun”?
The term “overrun” refers to the amount of air in ice cream. If the volume of ice cream without air is doubled by adding air, then the overrun is listed as 100%, the maximum allowable in commercial ice cream.
3. What difference in the melting rate is caused by the amount of air in ice cream?
The more air in ice cream, the quicker it will melt. Higher quality ice creams contain less air than less expensive brands and therefore, melt more slowly. 
4. What is the relationship between the amount of air in ice cream and its density?
The amount of air in ice cream is inversely related to its density: the more air that is present, the lower the density.
5. What is an emulsion? Explain how ice cream can be considered an emulsion.

An emulsion is “a combination of two liquids that don’t normally mix together. Instead, one of the liquids is dispersed throughout the other. In ice cream, liquid particles of fat—called fat globules—are spread throughout a mixture of water, sugar, and ice, along with air bubbles.”
6. Why is sugar added to the ice cream mix when the milk in ice cream already contains the sugar, lactose?
Sugar is added because, by itself, lactose does not taste as sweet as glucose or sucrose, the two types of sugar added to the ice cream mix. Further, the cold temperature of ice cream makes the taste buds less sensitive to the sweet taste. So, more sugar (glucose or sucrose) is added.
7. What percent of ice cream must be fat?
The percent of fat in ice cream must be a minimum of 10%. Premium ice cream may have up to 20%.
8. What is the purpose of fat in ice cream?

Fat in ice cream adds flavor and provides a velvety rich texture in the mouth. Reducing the fat content reduces the creamy texture sensation.

9. What steps must be taken to have the fat in ice cream mix with the other non-fat, water-based ingredients?
To ensure mixing of fat and non-fat ingredients, emulsifiers are added if they are not already in the ice cream in the form of milk proteins called casein and whey. These emulsifiers connect the fat molecules to the water-based ingredients which normally don’t mix. 
10. What are some other emulsifiers in ice cream beside the milk proteins, casein and whey?
Some other emulsifiers added to ice cream include lecithin, mono- and diglycerides, and polysorbate 80.

11. What purpose is served by adding stabilizers to the ice cream mix?

The stabilizers added to ice cream prevent the formation of large ice crystals in the ice cream; they also slow the rate of melting.
Anticipation Guide

Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Residents of the United States eat about 30 liters of ice cream per person annually.

	
	
	2. More expensive ice cream brands have more air than less expensive brands.

	
	
	3. All ice cream is less dense than water.

	
	
	4. The temperature of food and drinks affects the amount of sweetness we taste.

	
	
	5. The fat in ice cream must come from milk.

	
	
	6. Ice cream contains at least two different kinds of emulsifiers.

	
	
	7. Lecithin molecules have a definite chemical structure.

	
	
	8. Ice cream freezes at 0(C.

	
	
	9. There is a physiological explanation for an ice cream headache (brain freeze).

	
	
	10.  The whiter the soft-serve ice cream, the better the quality.


Reading Strategies 
These graphic organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding


Teaching Strategies: 

1. Links to Common Core Standards for writing: 

a. Ask students to defend their position on sustainable choices, using information from the articles. 

b. Ask students to revise one of the articles in this issue to explain the information to a person who has not taken chemistry. Students should provide evidence from the article or other references to support their position.

2. Vocabulary that is reinforced in this issue:

· Emulsion and emulsifiers

· Coalescence

· Green chemistry

· Joule

· Allotrope

· Hydrolysis

· Fermentation 

3. To help students engage with the text, ask students what questions they still have about the articles. The articles about green chemistry (“Going the Distance: Searching for Sustainable Shoes” and “It’s Not Easy Being Green—Or Is It?”) may challenge students’ beliefs about sustainability.

Directions:  As you read the article, complete the graphic organizer below comparing the ingredients in ice cream.

	Ingredient
	What is its purpose?
	How does the amount affect the taste or appearance of ice cream?

	Air
	
	

	Sugar
	
	

	Fat
	
	

	Lecithin
	
	

	Gelatin
	
	


Background Information (teacher information)
More on the character of ice cream 


The popularity of ice cream results from a number of sensory characteristics detected by people when they savor the product. The first category of sensations produced when the ice cream gets into the mouth includes feelings of freezing, simple cooling, and a sensation described as “refreshing”. Another set of sensations has to do with the sweet taste as well as an aroma that is given off by ice cream when the product is consumed. For all these sensations produced, a sugar solution is the common denominator. The characteristics of the sugar-based syrup are manipulated by the addition of other materials to obtain desired taste, texture, consistency, and appearance. Ice cream is manufactured as regular, custard/French, reduced fat, light, low, and no-fat versions.

The Code of Federal Regulations (21 CFR135.110) specifies both compositional and manufacturing requirements for a product to be called ice cream. The compositional requirements state that the product cannot contain less than 20% total milk solids including 10% milk fat. No more than 25% of the nonfat milk solids can be derived from whey, and caseinates may be used only after reaching the 20% milk solids minimum. Some allowances are made for bulky flavors such as chocolate and certain fruit flavors, and the requirements for milk solids level is reduced by 20%. For a product to be called frozen custard (or French ice cream), the product must contain at least 1.4% egg yolk solids. Last but not the least, a minimum total solids and weight per gallon are also specified. Ice cream must weigh a minimum of 4.5 lb/gallon or 540 g/L. This requirement specifies the maximum amount of air (a maximum of 100% overrun) permissible in the product. However, for reduced fat, low fat and nonfat ice cream, the minimum weight requirement is reduced to 480 g/L. Total food solids must be at least 1.6 lb/gallon or 192 g/L.A serving of ice cream is considered to be one half cup or 4 fl. oz, or 120 mL (a volumetric measure). To conform to the weight requirement of 4.5 lbs/gallon, 1/2 cup corresponds to 63.8 g.

(http://www.researchgate.net/publication/227580162_Ice_Cream_and_Frozen_Desserts/file/9c9605151b162a696c.pdf) 


Two manufacturing practices that affect the characteristics of frozen desserts are the freezing technique and degree of freezing. The freezing technique may involve stirring (agitation) during freezing, or may occur without stirring (quiescent), or a combination of the two. Similarly, the degree of freezing results in products that are hard frozen, designed for dipping or scooping, or used as soft serve, or for milkshakes. 
More on components of ice cream
The extent of the fat content is determined by the amount of fat that is allowed in the milk source. Fat normally floats on top of fresh milk. Scooping off all the fat produces skim milk! As is known, you can purchase milk with varying amounts of fat from 0 (skim milk), 1 and 2 % up to whole milk with a fat content in excess of 3% (usually listed as 4%).


Fat in milk (important to ice cream making) is secreted as tiny droplets called globules. A drop of milk contains millions of such globules. Each globule is surrounded by a membrane called a milk fat globule membrane. The membrane is lipophilic (“fat loving”) on the inside, where it is in contact with fat, and hydrophilic (“water-loving) on the outside, where it is in contact with the aqueous medium. These membranes prevent the fat globules from coalescing. Since fat has a lower specific gravity than the milk serum (water solution), the fat globules separate out (float) to the top of a contained volume of milk. To prevent this separation in milk, the fat globules are broken up mechanically into droplets, 0.1–2 micrometers in diameter. (This process is homogenization). The disintegration of the large fat globules results in a 6-fold increase in the total surface area of all the fat globules in a given volume of milk. These disrupted fat droplets attract various milk proteins which form artificial membranes which, in turn, further prevent the fragmented fat globules from coalescing. So, even though homogenized milk still contains the fat, the fat will not re-separate into a layer on top of the non-fat milk mixture. 

The fat in the milk is made up of triglycerides, traces of di- and monoglycerides, cholesterol, and phospholipids among many other substances. In fact milk fat is composed of some 3600 different compounds. The triglycerides which are the main component are synthesized by the cow by linking three molecules of fatty acids to one molecule of glycerol, hence the name triglycerides. Fatty acids can have as few as four carbon atoms or as many as 26 carbon atoms. In milk fat, there are a number of different fatty acids including those containing four, six, and eight carbon atoms. This is significant because the characteristic flavor of milk fat is in large part due to the presence of these lower chain fatty acids—butyric, caproic, capryllic, and capric acids with carbon numbers 4, 6, 8, and 10, respectively. Further there are fatty acids that are unsaturated; thus we have fatty acids with one double bond (monoenoic) fatty acids, two double bonds (dienoic) or with three double bonds (trienoic). The unsaturated fatty acids with multiple double bonds are functional, healthy, and essential for human beings.
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‘milk solids-not-fat (aka serum solids) and the third is called a balancing ingredient.
Representative formulae for commercial grades of ice ream are shown in Table 742,
Composition of other variants of ice cream and frozen desserts are shown in Table 74.3.
‘The prioritization of ingredientselection can be said to approximate the hierarchy as follows:

1. Select Milk Fat Content: Since milk is bought and sold on the basis of fat content
and quality grade of ice cream is also reflected by the fat content, the amount of milk

fat will determine the cost and grade of the product.

TABLE742 Representative Formulae for Ice Creams of Different Grades.

‘Super Premium %

Constituent FDA Standard % Premium % 1 2

‘Super %
Milk fat, min 10.00 1200 1400 16.00 18.00
Milk solids—notfat, min. 750 200 1000 10.50 250
Whey solids, max. 250 200 - - -
Sucrose = 760 1200 15.00 15.00
Com syrup soids = 200 680 500 =
High fructose soids. = 450 260 - =
Stabilizer = 035 025 013 0.2
Emulsifier = 025 025 015 0.10
Total soids. = 4050 4128 BE) 4250
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(http://www.researchgate.net/publication/227580162_Ice_Cream_and_Frozen_Desserts/file/9c9605151b162a696c.pdf - pp 5-6)

More on stabilizers

Stabilizers (also known as colloids, hydrocolloids and gums) are macromolecules that are capable of interacting with water. In so doing, they are also able to interact with proteins and lipids in an ice cream mix. During the mix processing, the presence of these stabilizers affect mix viscosity and homogeneity. During the freezing phase, these stabilizers affect the “dryness” and stiffness of the ice cream as well as controlling crystal formation in the finished product (think in terms of preventing ice crystals while the ice cream is in storage and distribution). Some of the common stabilizers used to prevent large crystal formation (called heat shock) and rapid melting in ice cream include the following:

· Gelatin—an animal protein effective in high concentrations of 0.3–0.5%. But it is expensive and may not prevent heat shock.
· Guar gum—derived from the seeds of the tropical legume, guar. It is the least expensive of the stabilizers and effectively mitigates the undesirable changes in ice cream due to heat shock. It makes up 0.1–0.2% of the ice cream mix, making it a strong stabilizer.
· Sodium carboxymethyl cellulose (CMC)—derived from cellulose, it is a strong stabilizer (used at 0.1–0.2%), imparting body and chewiness to ice cream. It is usually mixed with carrageenan.
· Locust bean gum—isolated from the plant seed of the carob tree (Mediterranean). It is a strong stabilizer, used in 0.1–0.2% levels. 
· Carrageenan—this stabilizer derived from the sea weed, Chondritis crispus, and used at levels of 0.01–0.02%. It reacts with milk proteins to prevent the formation of whey, a watery condition.
Heat shock, which is the formation of large ice crystals, occurs when ice cream is subjected to fluctuations in storage temperature. Slight melting and then refreezing also contributes to this icy (coarse) condition. The original matrix, formed from the various ingredients including the stabilizers, traps some of the water as small ice crystals. This matrix is compromised with the raising and lowering of temperatures, allowing the ice crystals to re-establish themselves as “free” water, so called. With larger “volumes” of water unrestricted by the matrix, larger ice crystals are formed upon refreezing.

More on emulsifiers


In contrast with stabilizers, emulsifiers exert their action on the fat phase of ice cream, acting as surface agents or surfactants, physically promoting the mixing of fat and water due to the presence of both hydrophilic (water attracting) and hydrophobic (fat attracting, water resisting) ends of the molecule. Emulsifiers are considered to be fatty substances and show fat-like properties of melting point and crystallinity, and can be composed of saturated and unsaturated fatty acids.

The emulsifiers are added to ice cream to actually reduce the stability of this fat emulsion by replacing proteins on the fat surface, leading to a thinner membrane more prone to coalescence during whipping. When the mix is subjected to the whipping action of the barrel freezer, the fat emulsion begins to partially break down and the fat globules begin to flocculate or destabilize. The air bubbles which are being beaten into the mix are stabilized by this partially coalesced fat. If emulsifiers were not added, the fat globules would have so much ability to resist this coalescing, due to the proteins being adsorbed to the fat globule, that the air bubbles would not be properly stabilized and the ice cream would not have the same smooth texture (due to this fat structure) that it has.

(https://www.uoguelph.ca/foodscience/dairy-science-and-technology/dairy-products/ice-cream/ice-cream-structure/colloidal-aspects-structur) 
The presence of emulsifiers in ice cream leads to smoother texture and better shape retention as well as improving the ability of the mix to incorporate air. The following are common emulsifiers in ice cream: 

· Mono- and diglyceride mixtures—these compounds are produced by the chemical treatment of fats (hydrogenation) such as lard, palm kernel or soybean oil. These glycerides are solid at room temperature, added to the mix prior to pasteurization at 
0.1–0.2%.

· Polysorbates—are compounds (polymers actually) derived from ethylene glycol. They are considered to be the best drying agents. Polysorbate 80 is an oleic acid derivative and is used at the 0.04–0.07% levels. Polysorbate 65 is helpful as a whipping agent (helps to incorporate air into the ice cream mix). Polysorbate 65 is used in greater proportion than 80. Polysorbates are usually liquid and assist in the mixing process.
· Buttermilk powder—the buttermilk contains phospholipids that act as emulsifiers.
· Egg products—dried or frozen egg yolks are used to produce dry, stiff ice cream. Frozen or sugared egg yolks are easier to incorporate into the mix than dried product. The general range is 0.3–0.5% of the mix. In French-style or custard, a minimum of 1.4% yolk solids are required. Egg yolks contain lecithin which can also be derived from soybean oil. 
More on freezing point depression by ice cream components

 
Looking at the chart below, one can see the relative effects on the freezing point depression of a variety of substances that can be added to ice cream. The alcohol category (actually, sugar alcohols) is a general category and includes two common additives to ice cream—sorbitol and xylitol. High fructose corn syrup is 45% fructose and 55% glucose and is as sweet as sucrose. This ratio can be changed to 55% fructose and 45% glucose, producing a mix that is sweeter than sucrose.
 Effect of Nutritive Sweeteners on Freezing Point Depression


Sweetener
Relative Effect

	Sucrose
	1.0

	Lactose
	1.0

	Dextrose
	1.82

	Fructose
	1.82

	55% High fructose corn syrup
	1.85

	Sorbitol
	1.90

	Glycerol
	3.70

	Alcohol
	7.40


(http://www.researchgate.net/publication/227580162_Ice_Cream_and_Frozen_Desserts/file/9c9605151b162a696c.pdf-, p 11 of pdf)

In commercial ice cream making, the freezing/whipping process takes place after mix processing is complete. The mix is drawn into a flavor tank where any liquid flavors, fruit purees, or colors are added. The mix then enters the dynamic freezing process which both freezes a portion of the water and whips air into the frozen mix. 
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The "barrel" freezer (at right) is a scraped-surface, tubular heat exchanger, which is jacketed with a (low-temperature) boiling refrigerant such as ammonia or Freon substitute. The mix is pumped through this freezer and is drawn off at the other end in a matter of 30 seconds, (or 10 to 15 minutes in the case of batch freezers) with about 50% of its water frozen. There are rotating blades inside the barrel that keep the ice scraped off the surface of the freezer and also dashers inside the machine which help to whip the mix and incorporate air. 

As the ice cream is drawn with about half of its water frozen, particulate matter such as fruits, nuts, candy, cookies, or whatever you like, is added to the semi-frozen slurry which has a consistency similar to soft-serve ice cream. In fact, almost the only thing which differentiates hard frozen ice cream from soft-serve, is the fact that soft serve is drawn into cones at this point in the process rather than into packages for subsequent hardening.
(https://www.uoguelph.ca/foodscience/dairy-science-and-technology/dairy-products/ice-cream/ice-cream-manufacture/freezing-and-hardening)
More on ice cream as a foam

In the culinary world, foams are an important part of imparting unique tastes to the preparation of various dishes. Known as culinary foams, the foam is again formed the same way as in ice cream. In ice cream,

… [T]he structure (of ice cream) can be described as a partly frozen foam with ice crystals and air bubbles occupying a majority of the space. The tiny fat globules, some of them flocculated and surrounding the air bubbles also form a dispersed phase. Proteins and emulsifiers are in turn surrounding the fat globules. The continuous phase consists of a very concentrated, unfrozen solution of sugars. One gram of ice cream of typical composition contains 1.5 x 1012 fat globules of average diameter 1µ m that have a surface area of greater than 1 square meter (in a gram!), 8 x 106 air bubbles of average diameter 70 µ m with a surface area of 0.1 sq. m., and 8 x 106 ice crystals of average diameter 50 µ m with a surface area of another 0.1 sq. m. The importance of surface chemistry becomes obvious!

(https://www.uoguelph.ca/foodscience/dairy-science-and-technology/dairy-products/ice-cream/ice-cream-manufacture/freezing-and-hardening)

In culinary foams other than ice cream, the temperature is obviously higher than in ice cream. Therefore, one is not talking about ice crystals as part of the structure. But there are two phases—an aqueous one (rather than ice) and a gaseous (air) phase. Usually a protein solution is bubbled, whipped or shaken to create the foam which is dependent on the protein to both form and stabilize a dispersed gaseous phase. The extent of the foaming is affected by the amount of protein present in a solution used to create the foam. The ultimate “stiffness” of a culinary foam is represented by something like the meringue on top of a pie. Soufflés, another example of a culinary foam, have been around since the late 1700s, seen first in French restaurants. Foams are used in creating culinary dishes to produce a lighter feel to what would normally be a thick sauce. Foams also provide tactile and textural aspects to food. Last but not least, they can provide a visual aspect to a dish. 

When milk is the source of a foam, its formation is dependent upon two different types of milk protein—whey and casein. Casein makes up 80% of the total protein in milk. Casein provides good surface-active properties which is fundamental to whipping and foaming. Whey proteins are not nearly as active in the actual surface activity of foam formation but they do provide stabilizing properties to the foam, creating a more rigid film at the air-water interface of the foam. 
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The chart at right shows the subcategories of both casein and whey protein groups. Note again the percent contribution of each of the subcategories as well as the total contribution for each group.

More on effect of temperature on taste

Heating or cooling certain parts of the tongue can create the illusion of certain tastes. A study published in the journal Nature in 1999 found that, for example, warming the front edge of the tongue (where the chorda tympani nerve is), from a cold temperature, can evoke sweetness. Cooling the same area conjures sourness and/or saltiness. Then, at the back of the tongue (where the glossopharyngeal nerve is), thermal taste also occurs but the relationship between temperature and taste is different there than on the front of the tongue. The Yale researchers concluded that thermally sensitive neurons form an everyday part of our sensory code for taste.
It follows that the temperature of what you drink while eating will also affect the food's taste. North American people, on the whole, like ice-cold water and other beverages at mealtimes, whereas Europeans are happy with liquids not-far-below room temperature, and Asian people often drink hot water or tea while eating. Research published in the journal Food Quality and Preference in June 2013 (abstract at http://www.sciencedirect.com/science/article/pii/S0950329312002273?np=y#bb0025) found that eating immediately after drinking cold water decreased the perception of sweetness, chocolate flavor and creaminess, and the researchers are now wondering whether the preponderance for iced water among Americans contributes to their preference for highly sweetened food.
A 2005 paper published in the Journal of Sensory Studies found that the serving temperature of cheddar cheese affected how its taste was perceived. The cheese was served at 5 oC, 12 oC and 21 oC and sourness increased as the temperature rose. The tasters also found the warmest cheese more difficult to evaluate. Talavera Pérez [Professor of Molecular and Cellular Medicine at the University of Leuven in Belgium] meanwhile discovered in the same year why ice-cream gets sweeter when warmer. It's true: melted ice-cream is too sickly to drink, whereas when cold, it is pleasantly sweet. Beer, on the other hand, tastes more bitter as it gets warmer. Ham tastes saltier when cold and more savory when warm. Some of these effects, such as the over-sweet melted ice cream, occur because the taste receptor TRPM5 (which picks up sweet, bitter and umami tastes) sends a stronger electrical signal to the brain when food is warmer.

(http://www.theguardian.com/lifeandstyle/wordofmouth/2013/sep/17/serving-temperature-affects-taste-food)

More on lactose intolerance and ice cream 

People who are lactose intolerant do not react well to drinking milk, because they are not able to produce the enzyme lactase in the small intestine, which is needed to convert the lactose sugar to glucose and galactose. As a result, the lactose remains in the digestive tract and essentially ferments, creating by products that are associated with gas production which, in turn, can create an uncomfortable feeling in the intestinal region from bloating or cramps. The condition can also produce diarrhea and nausea. The condition is more common among Native Americans, Africans, Asians, and South Americans. It is less likely to occur in Europeans and those of European descent. 

For people who are lactose intolerant and who want to drink milk, there is lactose-free milk. And for people who have the condition and want to eat ice cream, there is also lactose-free ice cream, although it may not be as readily available. (Do an online search for Lactaid® or Breyers® lactose-free ice creams.) Should the lactose-free variety not be available, people can still enjoy ice cream that contains the sugar lactose found in milk products by first taking a readily available pill that contains the enzyme lactase prior to ingesting milk-containing products. 

Connections to Chemistry Concepts (for correlation to course curriculum)
1. Solubility—Polar, non-polar—To create a heterogeneous mixture such as ice cream, one has to be aware of solubility issues that relate to polar and non-polar ingredients. The use of emulsifiers is meant to deal with these particular solubility properties.

2. Emulsion—The presence of fats and water in the ice cream mix create an emulsion, the same as in mayonnaise, for which both require some kind of emulsifier to create a mixture that does not separate. Normally fats and water will not mix—they are immiscible. Therefore an emulsifier is required that allows the fat and water to mix (a colloid). True mayonnaise depends upon egg yolks containing the protein lecithin as the emulsifier. Emulsions are colloids.
3. Emulsifier—In order to keep normally immiscible substances from separating out after being mixed together, a so-called stabilizer is added which prevents the separation from occurring. There are many examples in the culinary world—for instance, Hollandaise sauce, which is made from clarified butter and egg yolks, the yolks providing the protein emulsifier, lecithin. Starch is used as an emulsifier in cooking, often joining the fat in a sauce to the liquid stock. In turn, this thickens the mixture. A mixture of milk and cocoa butter, in which the milk proteins act as the emulsifier, produce the emulsion called chocolate. A hot dog is also an emulsion formed from meat, fat and water in which the meat proteins act as an emulsifier as well as the physical solids of the hotdog.

4. Foam—Ice cream is considered a foam with its large amounts of air added in the mixing process to produce a smooth texture. As much as 50% of the ice cream mix is air. A short (2:24) but illustrative video shows not only the components of an ice cream mix but also their interaction with each other to produce the foam when air is mixed in with the ice crystals and water (a three phase system). To view this excellent video that illustrates the interaction of ice cream components in a foam, refer to this Web site (video): http://vimeo.com/65780089.
5. Colloids—Being a type of mixture intermediate between a homogeneous mixture (also called a solution) and a heterogeneous mixture, it has the properties intermediate between the two types of mixtures. One can distinguish between solutions and colloids based upon the size of the particles. In a colloid, particles have a size range of 10-8 to 10-6 m; particles in a solution are 10-9 m or smaller. Colloid particles do not settle out due to Brownian motion (as is also true of solution particles). Given the size of the particles in a colloid, it is also possible to detect their presence by shining a light beam through the mixture, creating a visible path; the effect is known as the Tyndall effect. In making ice cream, colloids, known as stabilizers, are used in the ice cream mix to produce homogeneity and increased viscosity of the mix. The stabilizers bind the water into smaller droplets within the network of proteins and lipids, preventing “free flow” of the water and the formation of large ice crystals.

6. Colligative properties—Ice cream’s freezing point depression, a colligative property, is affected by the presence of sugars and salts. At a typical ice-cream serving temperature of 
–16 oC, only about 72% of the water is frozen. The unfrozen concentrated solution component keeps the ice cream “scoopable”.

7. Freezing point depression—components of the ice cream mixture lower the freezing point of the ice cream (on the average, –3.0 oC) which is then normally hardened by cooling down to –10 to –12o C for scooping.

8. Organic chemistry—Ice cream is an extensive collection of organic molecules that fit into the three major food groups—carbohydrates, lipids, and proteins. Thanks to the presence of the carbon atom, a multitude of organic compounds (many of them large, molecularly speaking, such as proteins) exist because of the four bonding positions of carbon.

9. Heat/energy transfer—Ingredients of ice cream must be cooled down to/below their freezing temperature in order to freeze the ice cream. Using liquid nitrogen to make ice cream adds the extra “ingredient” of heat absorption from phase change (although this is probably insignificant compared to the heat transfer due to original temperature differences). 
Possible Student Misconceptions (to aid teacher in addressing misconceptions)
1. “If I am lactose intolerant, I will not be able to eat milk products, including ice cream, that contain lactose.” Fortunately for those who are unable to produce the enzyme lactase which is needed to convert lactose to glucose and galactose, there is available the lactase enzyme in tablet form that can be ingested before eating any milk-containing products, including ice cream.
2. “I’ll bet air is put in ice cream just to make it take up more space, so it looks like we get more.” Actually, as the article mentions, air gives ice cream structure that makes it taste and feel good when we eat it.
3. “Why do they call it ice cream when there’s no ice in it? There can’t be any ice—it’s too smooth.” Actually, there is ice in ice cream, but the ice crystals are so small (<50 μm) that we don’t actually feel them (see Figure 1 in the article).
Anticipating Student Questions (answers to questions students might ask in class)
1. “Is there really such a thing as an ice-cream headache?” There have been scientifically based attempts to explain this phenomenon, also called a “brain freeze”. One of the more credible explanations says that when cold things like ice cream hit the roof of your mouth, a nerve overreacts by sending a signal to the brain to counter the cold with heat. The heat is provided by dilating blood vessels (the anterior cerebral artery) in the brain. The dilated blood vessels expand the brain, pressing against the nerves in the brain cover (the meninges) producing the pain. The brain itself has no pain receptors. This is the basis of a headache in general—dilated blood vessels in the brain. The solution to preventing an ice cream headache is to eat more slowly and keep cold things like ice cream away from the roof of your mouth.
2. “How is it possible to have ‘deep fried ice cream’ like that which is served in Mexican restaurants? Isn’t this a contradiction—fried and frozen?” Interestingly enough, this is neither an impossibility nor culinary magic. The way it is done is to freeze crunchy-coated scoops of ice cream until hard, and then quickly fry them before the ice cream inside has a chance to melt!
In-Class Activities (lesson ideas, including labs & demonstrations)
1. Depending on your policies for having food in a chemistry lab, you should make ice cream as a chemistry experiment, perhaps in a non-chemistry room. You can use ice and salt, or liquid nitrogen as the freezing medium. The instructions for doing this kind of activity can be found at https://www.uoguelph.ca/foodscience/sites/uoguelph.ca.foodscience/files/FindingScienceInIceCream.pdf. 
The following is an excerpt from this reference discussing both methods: 
…Here are directions from a clever experiment I received from a science … teacher: Each student places in a small zip loc baggy (the heavy-duty, freezer type) - 1 T sugar, 1/2 t vanilla, 1/2 cup milk. Secure zip loc and place small baggy in a larger zip loc baggy (also the heavy duty kind). Surround the small baggy with ice to 1/2 large baggy full and put in 6 T salt on ice. Next, shake the baggies 5-10 minutes and the students have made their own serving of ice cream. Chocolate syrup on top is really good. 

An alternative is to use liquid nitrogen for the freezing. Use a mix of standard 

recipe (see homemade ice cream page). Place the mix on a very large stainless steel bowl, about 1/3 full, and have a student stir the mix very quickly with a wire whisk (very quickly!). Have someone else pour a small quantity of liquid nitrogen into the mix while being stirred (stir as long and as fast as you possibly can). It will freeze instantly. Let the ice cream sit for a few minutes to ensure there is no liquid nitrogen left, and then eat when it is at the right consistency. A few words of caution - this experiment is pretty safe for older children (I have done it many times in high school classes), but liquid nitrogen needs to be handled cautiously. Wear gloves, don't spill on skin, etc. 
Another video that illustrates this bag approach to making ice cream is found at http://www.youtube.com/watch?v=l9c5rmDQ9DE. The narrator of this video also provides a discussion of freezing point depression as well as performing an experiment that includes data collecting and graphing.

2. Another set of instructions for making ice cream with liquid nitrogen as the coolant is found at http://chemistry.about.com/od/demonstrationsexperiments/ht/n2icecream.htm. There is also a reference for additional ice cream recipes.

3. To illustrate the role of emulsifiers in producing an ice cream mix in which the insoluble components do not separate out, a simple experiment can be done using water, oil, and egg yolk (a source of the emulsifier, lecithin). The arrangement for this experiment can be found at http://www.sciencebuddies.org/science-fair-projects/project_ideas/FoodSci_p021.shtml.
4. The fact that the combination of ingredients produces a drop in the freezing point of an ice cream mixture is related to a physical principle called the “Freezing Point Depression” as mentioned in the article (ice cream typically freezes at –3 oC instead of 
0 oC). There are several experiments that students can do to observe both the effect of solutes on the freezing point of a solvent, as well as to use the technique to calculate the molecular weight of the solute. To illustrate the effect of depressing the freezing point of a solvent (water), refer to the following Web site for a simple but effective set up. http://www.lahc.edu/classes/chemistry/arias/Exp%2012%20-%20Freezing%20PointF11.pdf. This activity uses both electrolyte and non-electrolyte (molecular) solutes. The lab asks for the calculation of the molality of each solution (information on doing the calculations is included). For those students who can handle the quantitative aspects of chemical calculations, the molecular weight of the solute can be determined with the data collected for freezing point depression since they are being asked to calculate molality. Temperature data can be collected with a regular thermometer or it can be done using a thermistor such as that available from Vernier equipment. (see reference below for Vernier)

The references for three different lab approaches are found at http://www.sheboyganfalls.k12.wi.us/mjnikson/files/2011/05/Freezing-Point-Depression-Lab.pdf (using different amounts of NaCl in water), http://www.webassign.net/sample/ncsugenchem202labv1/lab_3/manual.html (using two substances, benzoic acid and lauric acid for solute and solvent), and http://www2.vernier.com/sample_labs/CWV-15-COMP-freezing_pt_depression.pdf (using the thermistor and the chemicals, benzoic acid and lauric acid as in the previous Web site but students have the capability of seeing real time graphing along with tools for analyzing the data points).
5. Students can evaluate different chemicals in terms of their effect on the freezing point of a given solvent (ex, water). Some common solute chemicals, two of which are used to deice sidewalks, include NaCl and CaCl2. A third chemical would be sucrose (C12H22O11), table sugar. Remember that the freezing point depression (of the solvent) depends upon the number of moles of solute in 1 kg of water (or other solvent), which is known as molality. If you are using a molecular solid like sucrose, you will have a different effect quantitatively on the freezing point depression per mole of solute than an ionic solute because there are more moles of the solute ions (Na+ and Cl–) than solute molecules (sucrose) when using one mole of each solute per kg of solvent, for example. Students could experiment, using the same mass of each solute tested vs. the same number of moles of each solute tested. Refer to the experiment references listed in #4 above for background. 

6. To illustrate the properties of an emulsion, a well-constructed experiment for students (with notes for teacher support) can be found at http://www.juliantrubin.com/encyclopedia/chemistry/emulsion_experiments.html.

7. If there is interest in the problem of lactose intolerance, students can perform an experiment to show the activity of the enzyme lactase that is missing in people who are lactose intolerant. The dietary supplement is readily available over the counter. Essentially in such an experiment, students will test for the activity of the lactase tablet on a milk product. If the lactase pill breaks down the sugar lactose into glucose and galactose, students can then do a glucose test with paper strips normally used by diabetics to test for glucose in their urine. The test strips are available from drugstores. Two different lab guides can be found at http://seql.mst.edu/2012/institute/4/LactoseLactaseExperiment.pdf and https://docs.google.com/document/d/1mIdcJc-bkhm7_hqSs6WqVSc7g1VTzTwNWuaePWKPU0Y/preview
8. If you want to have students test for the presence of sugars, fats and even proteins in various foods including milk and ice cream, the following lesson resource provides chemistry background information and procedures for students to test for the presence of the three main categories of food components. Refer to http://seplessons.ucsf.edu/node/362.

9. Another experiment with ice cream (indirectly showing the air bubbles in ice cream or its foam state) is outlined (and explained in terms of results) at the following Web site: http://thehappyscientist.com/science-experiment/ice-cream-foam.

10. Teaching about mixtures, you could use a table of colloids such as the one referenced here: http://www.edinformatics.com/math_science/suspensions_colloids.htm to show students the variety of types of colloids, and then ask them to choose the category to which ice cream belongs.
Out-of-class Activities and Projects (student research, class projects)
1. For the students who want to do more sophisticated chemistry outside of class (using the school laboratory under teacher supervision), they can isolate lactose sugar from non-fat powdered milk. The entire procedure can be found at http://infohost.nmt.edu/~jaltig/Lactose.pdf).

2. Students could do a group project investigating the contents of various ice cream brands. They could bring the cartons (cleaned out at home) from their own ice cream to school for comparison.

3. Students could bring in different brands of ice cream for a class taste test, ranking the different brands for taste, texture, etc. and then relate their choices to the ingredients contained in each that account for those differences in qualities.

References (non-Web-based information sources)

Cote, G.L. Polysaccharides. ChemMatters 1986, 4 (2), pp 12–14. This article covers the broad topic of polysaccharides, including a discussion about seaweed polymers, some of which are used as stabilizers in ice cream. There is a useful chart listing all the various polysaccharides including their source and use. Some of the emulsifiers and stabilizers for ice cream are on this list.

Baxter, R. Making Ice Cream. ChemMatters 1995, 13 (4), pp 4–7. This article on making ice cream provides very useful illustrations of molecular structures of various components of milk that are found in the ice cream. Recipes are also included, not that they are necessarily different from the common listings found in standard ice cream recipes. There is also a Classroom Guide for this article that includes an experiment for making ice cream (“Synthesis of a Frozen Colloid”!) that requires students to make temperature measurements of the ice-salt water slurry while the ice cream mix is being kneaded in a plastic bag. After-lab questions concerning the temperature behavior (freezing point depression) of the salt-water mix are provided in this Classroom Guide.

Rohrig, B. Not Milk—Living With Lactose Intolerance. ChemMatters 2013, 31 (2), pp 17–19. A complete discussion of lactose intolerance is found in this article along with the Teacher’s Guide that can be accessed at the ACS Web site for ChemMatters referred to in the introductory information above.

Web Sites for Additional Information (Web-based information sources)
More sites on molecular behavior at the freezing point 

In order for students to better understand what happens at the molecular level when a solute is added to a solvent to lower the freezing point of the solvent, refer to the following Web site which provides an interactive simulation of molecular activity, first when water molecules undergo freezing, then when a solute is added. Temperature of the system can also be changed. A detailed narrative explanation of events at the molecular level is also provided. Refer to the following Web site: http://antoine.frostburg.edu/chem/senese/101/solutions/faq/why-salt-melts-ice.shtml.

A student support Web site for understanding and doing the calculations associated with freezing point depression is found at http://www.kentchemistry.com/links/Math/BPFP.htm.
More sites on ice cream making with liquid nitrogen 

The making of ice cream with liquid nitrogen has gone from the lab demo to commercial application. Several videos clearly show the equipment and technique employed in making ice cream using liquid nitrogen as the coolant. The advantage of the quick freeze is that ice crystals are extremely small, producing a very smooth ice cream. Further, there is no need to add emulsifiers or stabilizers because large ice crystals are not formed in making the ice cream; further it is consumed as soon as made—no need to store. 


The following two videos are from the same California operation, Smitten Ice Cream, with good explanations about the science behind the technique. Refer to http://www.youtube.com/watch?v=e52fXpS9YCY for an in depth interview with the creator of this establishment. 

A complementary video of the same establishment’s operation is shorter and clearer about the equipment and science behind the procedure. Refer to http://www.youtube.com/watch?v=IRz0eXkYlj4.


Another commercial operation that is not as sophisticated but more direct is found at http://www.youtube.com/watch?v=B8D02bcELUM. In this video, the end point for mixing is determined by sight, whereas the previous operation above in California uses a computer program to end the mixing process at the correct time.

A typical school demo is shown in an unsophisticated manner at http://www.youtube.com/watch?v=Yog-muVV1Tw.


An interesting collection of various methods to make ice cream, including a different way to incorporate ice into the mix to produce an ice cream texture similar to that made through liquid nitrogen cooling, is shown at http://www.youtube.com/watch?v=EPk71IgKJks. If nothing else, students might be amazed at the one recipe that includes bacon!
More sites on ice cream properties

An article from Chemical and Engineering News (C&E N) that talks about the physical and chemical properties of ice cream that make it a desirable thing to consume is found at http://pubs.acs.org/cen/whatstuff/stuff/8245icecream.html.


Two other articles that might be fun for students to read about the social aspects of ice cream can be found at http://articles.chicagotribune.com/2004-06-30/entertainment/0406300068_1_ice-cream-homemade-ice-ice-crystals-form and http://blogs.smithsonianmag.com/food/2009/07/ice-cream-chemistry/. This latter article discusses, among other things, ice cream for astronauts, Mexican “fried” ice cream, and a few other quirky ice cream dishes along with several reference articles to read about other unusual ice cream mixes.

More sites on making your own ice cream

A nifty recipe builder for making your own ice cream concoction (including a variety of ingredients you can add to the virtual mixing bowl) is found at http://www.finecooking.com/articles/cyor/ice-cream.aspx. 


Another source for making your own ice cream without using a standard ice cream mixer (known as “still freezing”) includes a discussion about different ways to produce a product without ice crystals. The reference is also set up for experimenting with the various necessary ingredients, something students could refer to in carrying out their investigations into what ingredients and their quantities are really necessary for mixing (tinkering). The Web site can be found at http://www.icecreamnation.org/freezer-only-make/. A complementary page from the same basic home address (“Ice Cream Nation”) that addresses the role of the various basic ingredients in ice cream in straight forward terms is http://www.icecreamnation.org/science-of-ice-cream/.

This site called “Ice Cream Science” contains 10 recipes, including ones for blue cheese chocolate, earl grey tea, and strawberry and balsamic vinegar ice creams: http://icecreamscience.com/recipes-3/. The recipes are very specific and detailed, using only the freshest of organic ingredients.


A very complete treatise on the manufacture of ice cream can be found in the 42-page chapter 74, Ice Cream and Frozen Desserts, from the book Handbook of Food Products Manufacturing. Here’s a pdf copy of that chapter: http://www.researchgate.net/publication/227580162_Ice_Cream_and_Frozen_Desserts. 

A more user-friendly version of this chapter can be found here: http://kanakh.com/upload/uploads/12999258461.pdf

The most complete Web site that discusses all aspects of ice cream, including the functioning of the various ingredients, the manufacturing of ice cream, scientific principles and recipes (once again) for classroom activities is found at https://www.uoguelph.ca/foodscience/sites/uoguelph.ca.foodscience/files/FindingScienceInIceCream.pdf. This is a Web site from the Univ. of Guelph in Ontario, Canada.
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Selected articles and the complete set of Teacher’s Guides for all issues from the past three �years are also available free online on the same site. 


(The complete set of ChemMatters articles and Teacher’s Guides are available on the 30-year CD for �all past issues, (up to April 2013.) 


 


Some of the more recent articles (2002 forward) may also be available online at the link above. Simply click on the “Past Issues” button directly below the “M” in the ChemMatters logo at the top of the Web page. If the article is available online, you will find it there.





30 Years of ChemMatters !








PAGE  
22

