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Student Questions

1. What information does a nutrition label on food typically contain?

2. What is the definition of a Calorie?

3. What is the difference between a nutritional Calorie (uppercase C) and a calorie 
(lowercase c)?
4. How many Calories per gram are found in carbohydrates, proteins, and fats?

5. Does every person require the same amount of calorie intake? Explain.

6. How is the Kjeldahl method used to determine the amount of protein in a food?

7. What two methods are used to measure fat content in food? What is the drawback of one of the methods?

8. How is the amount of total carbohydrates in food found?

9. How much protein, fat, and carbohydrate is it recommended that we consume?
Answers to Student Questions

1. What information does a nutrition label on food typically contain?

The label typically starts with a serving size and the number of calories per serving, followed by a list of key nutrients, including total fat, carbohydrates, and proteins. Other values may be included, such as the calories from fat, saturated fat, trans fat, dietary fiber, sugars, and various vitamins.
2. What is the definition of a Calorie?
One Calorie (kilocalorie) is the amount of energy it takes to raise 1 kilogram of water 1 °C at sea level.
3. What is the difference between a nutritional Calorie (uppercase C) and a calorie (lowercase c)?

A nutritional Calorie is also called a kilocalorie, or 1,000 calories. It is sometimes written as a Calorie (uppercase C) to distinguish it from a calorie (lowercase C).
4. How many Calories per gram are found in carbohydrates, proteins, and fats?

Carbohydrates and proteins contain 4 Calories per gram and fats about 9 Calories per gram.
5. Does every person require the same amount of calorie intake? Explain.

No. How many calories you need every day varies depending on your gender, age, and activity level.
6. How is the Kjeldahl method used to determine the amount of protein in a food?

The Kjeldahl method determines the amount of ammonia that is present in a sample, which is the same as the amount of nitrogen initially present in the sample. This is then used to determine the amount of protein present in the sample.
7. What two methods are used to measure fat content in food? What is the drawback of one of the methods?
One method is the Soxhlet extraction and the other is nuclear magnetic resonance. Drawbacks of the Soxhlet extraction are that is it slow and complicated.
8. How is the amount of total carbohydrates in food found?

The amount has traditionally been calculated, rather than measured. The other components of food—such as proteins, fat, and water—are measured and added together. Then this sum is subtracted from the total, and the difference is assumed to be the amount of total carbohydrates. 
9. How much protein, fat, and carbohydrate is it recommended that we consume?
It is recommended that 30% of our daily calories should come from fat and about 50% of calories should come from carbohydrates, leaving 20% of calories from protein.

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. A food calorie is a chemist’s kilocalorie, and they both measure energy.

	
	
	2. The calorie content of food was first determined in the early 1900s.

	
	
	3. Fats and carbohydrates contain the same number of Calories per gram.

	
	
	4. Dietary fiber has more calories than fats, carbohydrates, or proteins.

	
	
	5. The number of calories needed per day depends on a person’s age, gender, and activity level.

	
	
	6. You can change your basal metabolic rate.

	
	
	7. Most nitrogen in foods comes from proteins.

	
	
	8. About 30% of your daily calories should come from fat.

	
	
	9. In the past, the carbohydrate content of foods has been calculated mathematically, not measured in a food science lab.

	
	
	10.  About half of your daily calories should come from proteins.


Reading Strategies  
These matrices and 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 State Standards: Ask students to develop an argument about using synthetic fragrances, mascara, or laundry detergents. In their discussion, they should state their position, providing evidence from the articles to support their position. If there is time, you could extend the assignment and encourage students to use other reliable sources to support their position. 

2. Vocabulary that may be new to students:

a. Calories

b. Metabolism

c. Maillard reaction

d. Pheromones

e. Surfactant 

f. Micelle

g. Enzyme

Directions:  As you read the article, complete the chart below comparing proteins, carbohydrates, and fats in our food.

	Nutrient
	Calories/

gram
	Foods containing this nutrient
	How amount of this nutrient is determined
	Percent of nutrient needed daily

	Proteins
	
	
	
	

	Carbohydrates
	
	
	
	

	Fats
	
	
	
	


Background Information 
(teacher information)
More on nutritional labeling

Since the introduction of nutritional labeling on food products, the form of the labels and the information required to appear on them have evolved over the years and continue to change as new information arises regarding foods, nutrients, and their links with diet and overall health. The extensive 2010 report “Examination of Front-of-Package Nutrition Rating Systems and Symbols: Phase I Report” (http://www.nap.edu/catalog.php?record_id=12957) outlines the history of labeling in great detail. Excerpts that highlight the major events are:

Up to the late 1960s, there was little information on food labels to identify the nutrient content of the food. From 1941 to 1966, when information on the calorie or sodium content was included on some food labels, those foods were considered by the Food and Drug Administration (FDA) to be for “special dietary uses,” that is, intended to meet particular dietary needs caused by physical, pathological, or other conditions. At that time meals were generally prepared at home from basic ingredients and there was little demand for nutritional information. However, as increasing numbers of processed foods came into the marketplace, consumers requested information that would help them understand the products they purchased. In response to this dilemma, a recommendation of the 1969 White House Conference on Food, Nutrition, and Health was that FDA consider developing a system for identifying the nutritional qualities of food… 
Then in 1972 the agency proposed regulations that specified a format to provide nutritional information on packaged food labels. Inclusion of such information was to be voluntary, except when nutrition claims were made on the label, in labeling, or in advertising, or when nutrients were added to the food.

When finalized in 1973, these regulations specified that when nutrition labeling was present on the labels of FDA-regulated foods, it was to include the number of calories; the grams of protein, carbohydrate, and fat; and the percent of the U.S. Recommended Daily Allowance (U.S. RDA) of protein, vitamins A and C, thiamin, riboflavin, niacin, calcium, and iron. Sodium, saturated fatty acids, and polyunsaturated fatty acids could also be included at the manufacturer’s discretion. All were to be reported on the basis of an average or usual serving size.

…few changes were made in nutrition labeling regulations over the next decade.

In August 1987, FDA published a proposed rule to change its policy by permitting health claims on food labeling if certain criteria were met. … A congressional hearing was also held in December 1987. Subsequently, in February 1990, FDA withdrew its original proposal and published a new proposal that defined appropriate health claims more narrowly and set new criteria to be met before allowing a claim.

The surge in consumer interest in nutrition that was fueling the food industry’s desire to highlight the positive nutritional attributes of food products was due, in part, to the publication in the late 1980s of two landmark consensus reports on nutrition and health. The Surgeon General’s Report on Nutrition and Health (HHS, 1988) and the National Research Council’s (NRC’s) report Diet and Health: Implications for Reducing Chronic Disease Risk (NRC, 1989) emphasized the relationship between diet and the leading causes of death among Americans (e.g., heart disease, cancers, strokes, and diabetes). … These reports made useful suggestions for planning healthy diets. However, without specific nutrition information on food labels, consumers were unable to determine how certain individual foods fit into dietary regimens that followed the recommendations of these reports. Major changes in nutrition labeling were necessary if food labels were to be useful to consumers interested in adhering to these recommendations. 

Congressional concerns about food labeling had been building for some time. This culminated in November 1990 with the passage of the NLEA [Nutritional Labeling and Education Act], the most significant food labeling legislation in 50 years. The NLEA amended the Federal Food, Drug, and Cosmetic Act to give FDA explicit authority to require nutrition labeling on most food packages and specified nutrients to be listed in the nutrition label. It also required that nutrients be presented in the context of the daily diet; specified that serving sizes should represent “an amount customarily consumed and which is expressed in a common household measure that is appropriate to the food”; and provided for a voluntary nutrition labeling program for raw fruits, vegetables, and fish. It also required standard definitions to be developed that characterized the level of nutrients and required that FDA provide for approved health claims. … The NLEA pertains only to those labels of food products regulated by FDA, which has label authority over the majority of foods. (pp 19–21, 23)
Various additional rules have been passed since then, summarized in Table 2-1 of the previously quoted report. (http://www.nap.edu/catalog.php?record_id=12957) For example, a rule was finalized in 2003 requiring the addition of trans fatty acids to nutrition labeling (p 36).
The specifics of what a label must include and how it must appear are quite detailed and are summarized at http://www.fda.gov/ICECI/Inspections/InspectionGuides/ucm074948.htm. For example, “Nutrition information must be set off in a box. The format requires that headings and nutrients be separated by ‘bars’. … ‘Nutrition Facts’ must be presented in bold print and in print larger than any other printed information in the nutrition label. … Calories must be in bold print. ‘Calories from Fat’ must be declared unless the product contains < 0.5 g total fat. ‘Calories’ may be followed by the optional term ‘Energy’ in parenthesis.” There is even an order for listing optional vitamins and minerals. If a manufacturer wishes to make a nutrient content claim such as “calorie free”, “low calorie”, “reduced calories”, “less calories”, “light”, or “lite”, there are definitions that must be met for the claim to be made. Definitions can be seen at http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/FoodLabelingNutrition/FoodLabelingGuide/ucm064911.htm. 

While the FDA sets guidelines for nutritional labeling, the manufacturers themselves are responsible for providing accurate nutritional information. A blog post on the Decoded Science Web site by Janelle Vaesa, who has a Master of Science degree in Public Health, includes information from an interview with an FDA spokesperson. One interview quote from the spokesperson is: “FDA does not tell companies how to generate their nutrition information. FDA does not approve labels on food products. It is the responsibility of the firm to assure that the nutrition information is accurate. However, FDA does have a compliance program with a sampling plan.” Vaesa states, “Food manufacturers can determine the nutrients in a product by comparing ingredients to a database where averages for foods are listed, or by sending samples for lab testing.” The remaining portion of the blog describes a diabetic consumer who ate a low-carbohydrate bread product, had abnormally high blood sugar levels afterward, and decided to send the bread for testing to see if its nutritional information was accurate; it was not. (http://decodedscience.com/nutritional-labeling-fda-oversight-not-what-youd-expect/15446)

The Tinnesand article discusses the work Wilbur O. Atwater did to determine the calorie content of food using a respiration calorimeter. Atwater has been called the father of American nutrition science (http://www.ars.usda.gov/is/timeline/nutrition.htm); while much more knowledge and sophisticated methods of analysis have since been discovered, his work on the chemical analysis of food was an important beginning. Various sources describe Atwater’s work. He had a particular talent for encouraging support of his work, both through acquiring funding from multiple sources and by effectively demonstrating his work to the public. A 2009 article in The Journal of Nutrition describes his legacy: (http://jn.nutrition.org/content/139/1/178.full.pdf+html)

The systematic chemical analysis of food for human consumption in the United States had its origin with Wilbur O. Atwater. As early as the late 1860s, Atwater, then a student at Yale University, conducted a series of analyses of the composition of Indian corn. Atwater continued this research while at Wesleyan University and also as a scientist of the Storrs (Connecticut) Experiment Station in support of food consumption surveys and metabolic research that he was conducting. Although Atwater received direct funding as part of his role as Chief of Human Nutrition Investigations, USDA Office of Experiment Stations while at Wesleyan, he also had a unique ability to acquire support for his research from a variety of other sources. With regard to food composition activities, the Smithsonian Institution, United States Fish Commission, and United States National Museum were a few of the organizations that funded his research. Atwater also took advantage of timely events for his research. As an example, he collected a large number of national and international foods for analyses while at the Chicago World’s Fair (1893) and, at the same time, secured over 500 samples of meats and meat products from the many local slaughterhouses. Atwater made sure the resulting data were widely distributed in a variety of publications, some of which are available on the USDA Nutrient Data Laboratory Web site. (http://www.ars.usda.gov/nutrientdata) (p 178)
Part of Atwater’s work included studies of the “amounts and type of nutrients people need to function at their best; this entailed studies of human metabolism and respiration”. (http://www.ars.usda.gov/is/timeline/nutrition.htm) The 1993 W. O. Atwater Centennial Memorial Lecture (http://jn.nutrition.org/content/124/9_Suppl/1707S.long) describes one such study: “…a request from the Massachusetts Bureau of Labor to evaluate and comment on the data that they had been collecting as to the food consumed by working people, both in family homes and boarding houses. At that time food purchases could take up 60% of a family’s budget.” Atwater’s work helped to determine what foods could give this audience of eaters “the most bang for the buck.” He published this work in a series of articles in a magazine read by the middle class public. “Their bottom line was that the poor could eat more cheaply by using more economical sources of protein and margarine in place of butter, and thus be better off.”

A short piece published in The New York Times on November 16, 1888, discusses a lecture titled “The Chemistry and Economy of Food” delivered by Atwater the previous evening, covering this same subject. The article states, “Men of limited means often buy high-priced meats at the same market where a wealthier neighbor buys cheaper cuts and gets as much or even more nutriment”. (http://query.nytimes.com/gst/abstract.html?res=F00E10FF385413738DDDAF0994D9415B8884F0D3)


His study of nutrition in foods even extended to alcohol: “The finding from the calorimeter work that received most attention in Atwater’s lifetime concerned alcohol. In 1899 he reported that if a subject drank alcohol equivalent to that in a 750 ml bottle of wine, and in small portions over the course of the day, it was almost fully oxidized and replaced the caloric equivalent of either fat or carbohydrate. In other words, at this level, it acted as a food. This was immediately taken up by the liquor trade and used in their advertising”. (http://jn.nutrition.org/content/124/9_Suppl/1707S.long)
More on calories
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The Tinnesand article includes the definition of the nutritional calorie, or Calorie, or kilocalorie: “…the amount of energy it takes to raise 1 kilogram of water 
1 °C at sea level.” Students used to only seeing the “calorie” label on products might not make the connection between this word and the idea that it is a measure of an amount of energy. Nutritional labels in Europe are slightly different than those found in the U.S. and the units and phrases used in Europe help to highlight this idea. The article “Nutrition Labeling to Prevent Obesity: Reviewing the Evidence from Europe” describes nutrition labeling in Europe. It states that the new nutrition labeling regulation decided on in December 2011 “maintains the requirement to display energy in both kilojoules (kJ) and kilocalories (kcal) (there are 4.2 kJ in each kcal)”. (DOI 10.1007/s13679-012-0020-0, http://link.springer.com/article/10.1007/s13679-012-0020-0) Students might be interested to compare food labels from different countries, if available, and determine any differences. A label from a package of basmati rice sold in the United Kingdom is shown in this Teacher’s Guide. Seeing the phrase “Energy Value” along with the kilojoule unit students might typically see in a physical science classroom while performing energy calculations helps to highlight this idea. The calorie unit can be somewhat confusing. Even though a nutritional calorie is a kilocalorie or a Calorie, it is not normally written as such for convenience, instead using just “calorie”. The October 2000 ChemMatters “Question from the Classroom” column included a brief calculation along with comments about this common confusion:

Let’s say you went outside on a cold day and your body temperature dropped from its normal 37.0 °C to a slightly chilly 35.0 °C. Assuming you weigh about 70 kg and assuming your specific heat capacity to be fairly close to that of water—your main ingredient—then it would take approximately 70,000 g x 1 cal/g °C x 2.0 °C = 140,000 cal of food consumption just to bring your body temperature back to normal.

But a small apple only provides about 70 Calories of energy. Are we talking about chowing down 2000 apples just to warm yourself up a few degrees? Not at all. Remember, a food Calorie is spelled with a capital “C,” representing the prefix “kilo”. Actually, an apple has about 70,000 calories in it. Fortunately, it would require only two apples worth of energy to warm you back up. (p 2) 

(Becker, R. Question from the Classroom. ChemMatters, 2000, 18 (3), p 2)
A reminder of where the energy in food comes from may make students think they’re back in the biology classroom as they hear the word “photosynthesis”, but chemistry is in the mix as the energy needed to break bonds and the energy released as bonds are formed are brought into the discussion. The section “Energy Flow: From the Sun to You” in the Chemistry in the Community textbook (5th ed., American Chemical Society: Washington DC, 2006) discusses photosynthesis:
All food energy originates from sunlight. Through photosynthesis, green plants capture and use solar energy to make large molecules from smaller, simpler ones. …green plants, through photosynthesis, use solar energy to convert water and carbon dioxide into carbohydrates and oxygen gas. Although a variety of carbohydrates are produced, an equation for photosynthesis usually depicts the production of glucose:
6 CO2 + 6 H2O + Solar energy ( C6H12O6 + 6 O2
For this reaction to occur, bonds between the carbon and oxygen atoms in carbon dioxide molecules and between the oxygen and hydrogen atoms in water molecules must be broken. The atoms must then recombine in a different arrangement to form glucose and oxygen molecules. …breaking bonds always requires energy, whereas bond formation releases energy. In photosynthesis, the bonds in carbon dioxide and water molecules require more energy to break than is released when chemical bonds in glucose and oxygen form. The energy needed to drive this endothermic reaction … comes from the Sun. (pp 572–573)
Humans are able to make use of these carbohydrates both through direct consumption of plants, along with consumption of other animals that also eat plants. A 2005 report by the Institute of Medicine of the National Academies (http://www.nal.usda.gov/fnic/DRI/DRI_Energy/energy_full_report.pdf) describes the body’s energy usage from this food intake: “Humans and other mammals constantly need to expend energy to perform physical work; to maintain body temperature and concentration gradients; and to transport, synthesize, degrade, and replace small and large molecules that make up body tissue. This energy is generated by the oxidation of various organic substances, primarily carbohydrates, fats, and amino acids.” Chemistry in the Community (5th ed., American Chemical Society: Washington DC, 2006) also states:
You may be surprised to learn that only a small fraction (about 10–15%) of food energy consumed by organisms is used for growth—for converting smaller molecules to larger molecules that become part of an animal’s structure. Over half the energy contained in consumed food is used to digest food molecules. The supply of useful energy declines as energy continues to transfer away from its original source—the Sun. (p 573)
The Institute of Medicine report “Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids” mentioned above “establishes a set of reference values for dietary energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein, and amino acids to expand and replace previously published Recommended Dietary Allowances (RDAs) … for the United States” (p xv), using data from “observational and experimental studies” (p 2). (http://www.nal.usda.gov/fnic/DRI/DRI_Energy/energy_full_report.pdf) The report, at over 1300 pages, is a fairly exhaustive treatment of our nutritional requirements. Its data helps to form the basis of the numbers seen in the table of calorie needs by gender, age, and activity level in the Tinnesand article.

More on protein
The December 2011 ChemMatters article “Hold the Meat!: Meat-Free Food Takes a Seat at the Table” discusses the function of the proteins that we eat. The rest of the article goes on to describe several meat-free food products made of plant-based proteins as options for a vegetarian diet.

Proteins are abundant not only in meat but also in milk, eggs, and legumes. When we eat any of these food groups, our body breaks them down during digestion, and proteins are broken down into their basic components, which are called amino acids.

Amino acids are nutritionally important for building new proteins that you need for growth, immune function, tissue repair, and manufacturing of enzymes and hormones. Also, the nitrogen provided by amino acids plays a role in your genetics, as a part of molecules called nucleic acids, such as deoxyribonucleic acid (DNA).

Living beings on Earth—plants, animals, bacteria, and so forth—can produce 20 different types of amino acids, but humans can synthesize only 11 of these 20 amino acids. The other nine, called essential amino acids, cannot be made in our bodies and must come from the food we eat.

The proteins in our bodies are made of different types of amino acids, but any given protein may not contain all 20 amino acids. Nutritionists used to recommend combining foods, especially in vegetarian diets, so that all essential amino acids were present at once. Scientists now know that people do not have to eat all essential amino acids together in one meal. What’s important is to eat a balanced amount of proteins with different types of essential amino acids during the day.

Plant-based proteins tend to contain a lower amount of essential amino acids than animal proteins. But by eating a variety of legumes, grains, nuts, fruits, and vegetables, the body’s amino acid needs are easily met.

In fact, according to the World Health Organization, the average American consumes double the amount of protein needed for healthy bodily function. You can estimate the amount of protein you need per day in grams by multiplying your body weight in pounds by 0.36 for teenagers or 0.4 for an active adult. (p 9)

The daily amount of protein required for a 160-pound adult mentioned in the Tinnesand article is 58 grams. This amount can be roughly met by eating cereal with milk for breakfast, a peanut butter and jelly sandwich for lunch, and a piece of fish with a side of beans for dinner. (http://www.hsph.harvard.edu/nutritionsource/what-should-you-eat/protein-full-story/index.html) The same Web site describes the effects of protein malnutrition, which affects millions of people around the world: growth failure, loss of muscle mass, decreased immunity, weakening of the heart and respiratory system, and death. In the United States, an issue that is more likely to come up is eating too much protein rather than too little. A sidebar at http://www.cdc.gov/nutrition/everyone/basics/protein.html answers the question “Is there any harm in getting more protein than I need?” It answers: “Most people eat more protein than they need without harmful effects. However, protein contributes to calorie intake, so if you eat more protein than you need, your overall calorie intake could be greater than your calorie needs and contribute to weight gain. Besides that, animal sources of protein can be sources of saturated fat which has been linked to elevated low-density lipoprotein (LDL) cholesterol, a risk factor for heart disease. In addition, for people with certain kidney diseases, a lower-protein diet may be recommended to help prevent an impairment in kidney function.”
The Kjeldahl method, described in the Tinnesand article, is used to determine the protein content of foods. The method was developed by a Danish chemist, Johan Kjeldahl, in connection with his work at the Carlsberg Laboratory in Copenhagen, Denmark. The laboratory was an offshoot of a laboratory previously researching brewing processes for the Carlsberg Brewery. The new institute was not limited to science related only to the brewing industry, although Kjeldahl’s test did arise from his work on “proteins and their transformations during the germination of barley and the alcoholic fermentation of beer wort” (p 460, Veibel, S.; J. Chem. Educ. 1949, 26 (9), pp 459–461). It was designed “to assist his studies into the protein content of various grains used for brewing—less protein meant more beer. He needed to measure nitrogen as this is one of the major elements found in protein, but existing techniques were unreliable or inaccurate”. (http://www.carlsberggroup.com/Company/Research/Pages/Kjeldahl.aspx) He first published the method in 1883 as a means for determining the nitrogen content of organic substances and it was widely accepted as a superior method. The J. Chem. Educ. article author even says, “Kjeldahl has been ‘verbalized,’ an honor not usually accorded to a chemist. You do not say that the nitrogen content of a substance was determined by the Kjeldahl method, but mention simply that the substance was kjeldahled, and no chemist will misunderstand you” (p 460).

The three steps of the Kjeldahl method are outlined in the Tinnesand article. They can be abbreviated to say that the process involves 1) digestion of the sample, 2) distillation, and 3) titration. A brief description of each is found at http://www.foodquality.com/details/article/814365/Protein_Determination_in_Cereals_and_Seeds.html?tzcheck=1:

· Digestion of the sample: The most time-consuming step in the analysis, this is designed to break down the bonds that hold the polypeptides together and convert them to simpler chemicals such as water, carbon dioxide, and ammonia. Adding strong sulfuric acid and heating the mixture to about 370ºC to 400ºC for 60 to 90 minutes oxidizes the organic material and releases ammonium ions.

· Distillation: This separates the ammonia from the digestion mixture by raising the pH with sodium hydroxide, which changes the ammonium ions into ammonia gas. The ammonia is collected through boiling and distillation of the gas into a trapping solution of hydrochloric acid.

· Titration: As the ammonia dissolves into the trapping solution, it is back-titrated so that the quantity of distilled-off ammonia can be calculated and the amount of nitrogen in the protein determined.
The same site also discusses one of the drawbacks of the process, that the digestion step takes a significant amount of time. It says the use of catalysts such as mercury and selenium have been used in an effort to speed up the process, but “the reaction remains time-consuming, inefficient, and costly on a large scale.” The method is labeled as a test for protein; however, it does not test protein content directly. Rather, it measures the amount of nitrogen present in a sample. The adjustment is described in a Journal of Chemical Education article:

By assuming virtually all nitrogen comes from the peptide bonds of protein molecules, a correlation to protein content can be made, using a conversion factor. A typical conversion factor is 6.25 (equivalent to 0.16 g of nitrogen per gram of protein); however, this conversion factor is only approximate as different amino acid compositions can present different nitrogen content. Different conversion factors are used in different food analyses as information about the specific amino acid composition is considered. … Without knowing the exact amino acid composition of a given foodstuff (which is often extremely difficult, expensive, and unnecessary), the protein determination remains an approximation. The percent protein measured in these procedures, known as crude protein, also fails to account for other nitrogen-containing nonprotein molecules in the original sample (p 497, Kimbrough, D. R.; Jensen, A. C.; J. Chem. Educ. 2010, 87 (5), pp 496–499). 
The focus of the Journal of Chemical Education article is integrating a discussion of melamine contamination of foods into the classroom. Melamine has been added by corrupt manufacturers to increase the apparent values of protein in foods. However, it is only safe in low doses. Reports of sickness and deaths from contamination of pet food and infant formula were in the news in 2007 and 2008. 

More on fats

Calling a food “fatty” can often be a derogatory term, but fat in appropriate amounts is a needed part of our diet. A past ChemMatters article (Ruth, C. A Calorie-Free Fat?, ChemMatters, 1999, 17 (2), pp 9–11) mentions a connection of our love of fatty foods with its energy benefits: “Some scientists believe that the reason humans get such pleasure from fat-filled food is that primitive hunter–gatherer societies had unpredictable food sources; those with a taste for calorie-rich fat were more likely to survive, because fats have more calories per gram (9 cal/g) than carbohydrates or even proteins.” The textbook Chemistry in the Community (5th ed., American Chemical Society: Washington DC, 2006) states several reasons our bodies need fat: “Fats provide ‘essential’ fatty acids, which function in growth and development, so they are especially important to infants and toddlers. Fat also helps in absorption of fat-soluble vitamins. Fat serves as an efficient way to store excess food energy.” (p 589)

The 2000 ChemMatters article “Fats—Fitting Them Into a Healthy Diet” provides a summary of fats and their different structures (Banks, P. Fats—Fitting Them Into a Healthy Diet, ChemMatters, 2000, 18 (3) pp 6–8):

The term “fat” does not refer to one particular molecule, but rather to a large number of possible molecules with similar structures. All fat molecules—whether in solid or liquid fat—are formed by attaching three molecules of fatty acids to one molecule of glycerol.

Fats get their special chemical properties and health effects from the kinds of fatty acids they contain. Fatty acids are carbon chains that may have from 3 to 18 carbon atoms. The chain may also contain one or more carbon–carbon double bonds. Fatty acids are called polyunsaturated if there are two or more double bonds; monounsaturated, if there is one, and saturated, if there are none. Saturated means that the carbon atoms in the hydrocarbon chain are bonded to the maximum possible number of hydrogen atoms—not the case when there are double bonds present.

Polyunsaturated fats like corn and safflower oil and monounsaturated fats like olive and canola oil tend to be liquids at room temperature. Saturated fats like butter and lard are solids.
A diet high in saturated fat tends to raise levels of cholesterol in your blood, causing deposits to form in the walls of blood vessels like rust in old pipes. … One important step toward lowering the risk of heart disease is to reduce the amount of trans fatty acids we consume. When a carbon–carbon double bond exists in a hydrocarbon chain, there are two different ways of arranging the hydrogen atoms attached to the two carbons. They can be placed on the same side of the double bond, an arrangement called the cis configuration, or they can be placed on opposite sides of the carbon–carbon double bond—the trans configuration.

Natural unsaturated fats have double bonds in the cis configuration. During food manufacturing, however, that cis configuration can be altered. In preparing many products—margarine, for example—manufacturers expose polyunsaturated oils to hydrogen. This process, called hydrogenation, is used to convert the liquid oil to a solid spreadable product. Hydrogenation eliminates some of the double bonds by saturating them with hydrogen. The remaining double bonds are converted to the trans configuration.

Several studies now suggest that trans fatty acids tend to raise blood cholesterol levels more than cis fatty acids, although not as much as saturated fats. Based on these studies, authorities like the American Heart Association have recommended that people try to use oils that haven’t been hydrogenated. (pp 6–7)

The review article “Comparisons of NMR/MRI Technique with Other Analytical Methodologies in the Field of Food Science and Technology” (http://www.worldfoodscience.org/cms/?pid=1006201) highlights several studies that compare nuclear magnetic resonance (NMR) data with other tests typically used to measure values of food samples such as moisture content, fat content, protein content, etc. For fats, it compares NMR with a Soxhlet extraction, which has long been a standard test for determining fat content, stating that results were very comparable. The article also outlines the advantages of NMR, such as:

· NMR/MRI requires minimal or no sample preparation
· NMR/MRI permits the quick easy-handling and measurement of large amounts of small sample sizes in a short time
· NMR/MRI analysis does not produce hazardous wastes therefore being environmentally friendly
and disadvantages:

· the high cost of NMR/MRI instruments and its maintenances
· NMR/MRI require sophisticated data analysis
· there is a lack of NMR/MRI equipment specifically designed for food purposes
It recommends pairing NMR analysis with other methods.

More on carbohydrates

As the Tinnesand article states, about half of our daily calorie intake should come from carbohydrates. A distinction can be made between “good” and “bad” carbohydrates when making selections to meet this intake. The Harvard School of Public Health advises: “Choose the best sources of carbohydrates—whole grains (the less processed, the better), vegetables, fruits and beans—since they promote good health by delivering vitamins, minerals, fiber, and a host of important phytonutrients. Skip the easily digested refined carbohydrates from refined grains—white bread, white rice, and the like—as well as pastries, sugared sodas, and other highly processed foods, since these may contribute to weight gain, interfere with weight loss, and promote diabetes and heart disease”. (http://www.hsph.harvard.edu/nutritionsource/what-should-you-eat/carbohydrates/) Another way of judging which carbohydrates to choose is by looking at a food’s glycemic index (GI). The April 2004 ChemMatters teacher’s guide discussed GI:

There are “good” and “bad” carbohydrates, depending on how quickly that carbohydrate is converted to glucose in the bloodstream, as measured by the glycemic index (GI). The GI rates glucose at 100, and foods are ranked according to how fast they enter the bloodstream, relative to glucose. For example, if a food has a GI of 50, it is absorbed into the bloodstream half as fast as that of glucose. Good carbohydrates have a low GI, and bad carbohydrates have a high GI. White bread, for example, has a GI of 70, while pumpernickel has a GI of 41. … Generally, the more refined the food, the quicker it can be broken down and the higher its GI. The more work our body must do to break down a substance, the slower it will be absorbed into the bloodstream. … The GI is not a perfect measure of what foods to eat, however. Fructose, for example, has a GI of only 20. Scientists actually give rats large doses of fructose to make them insulin resistant. (p 20)

Foods with adequate fiber are another recommendation. “Plants such as fruits and vegetables are quality carbohydrates that are loaded with fiber. Studies show an increased risk for heart disease with low-fiber diets. There is also some evidence to suggest that fiber in the diet may help to prevent colon cancer and promote weight control”. (http://www.webmd.com/food-recipes/features/carbohydrates) Fiber also helps us feel fuller, for longer. 


Carbohydrates are described in the October 2011 ChemMatters Teacher’s Guide:

In a biochemical context the term “carbohydrate” is often used interchangeably with the term “saccharide.” There are four classes of saccharides—monosaccharides, disaccharides, oligosaccharides and polysaccharides. Monosaccharides are simple (lower molecular weight) sugars like glucose. Disaccharides are two monosaccharide molecules joined chemically by a covalent bond. Sucrose, or table sugar, and lactose are examples of disaccharides. Sucrose is composed of the monosaccharides glucose and fructose as described in the [October 2011] article. Lactose is made up of sucrose and galactose. 

It should be noted that if monosaccharide units like glucose are bonded together to make longer chains, the resulting heavier molecules are properly called polymers. So polysaccharides are really natural polymers. If the number of monosaccharide units is less than about ten, the polymer is called an oligosaccharide, and longer polymer saccharide chains are called polysaccharides.

These heavier polysaccharides have varying biological uses, including starch in plants and glycogen in animals. Both are used to store energy. For example, the article refers to glycogen as the compound that is produced from glucose in order to store excess amounts of the glucose molecule. Even longer and heavier polysaccharides like cellulose are the primary components of cell walls in plants. About a third of all plant matter is cellulose. So simple sugars like glucose can be thought of as monosaccharides, and complex sugars like sucrose can be thought of as disaccharides. Starch and fiber, mentioned above, are polysaccharides. (p 27)
Connections to Chemistry Concepts 
(for correlation to course curriculum)
1. Thermodynamics—The conversion of solar energy to energy stored in plants through photosynthesis, and the use of that stored energy by herbivores and others higher up the food chain can be discussed in connection with thermodynamics, exothermic/endothermic reactions, and Hess’s Law. 
2. Thermochemistry—Calories on food labels are a natural segue into a discussion of exothermic/endothermic reactions and heats of reaction.
3. Biochemistry—Three types of biochemically important molecules are discussed in the article—proteins, fats, and carbohydrates. The structures and functions of these in the human body could be discussed. 
4. Analytical Chemistry—The use of analytical testing processes to quantitatively determine the amount of proteins and fats is discussed in the article.
5. Acid-base chemistry—The Kjeldahl method of determining the amount of protein in food involves the use of acid base reactions; in fact, all three reactions could be construed to be acid-base reactions. The first uses the sample and H2SO4, and produces (NH4)2SO4 and CO2 and SO2. The NH4+ ion is weakly acidic and the other two are both acid anhydrides. The second equation reacts the NH4+ ions with NaOH, a strong base, and produces another weak acid and weak base (H2O and NH3). The third equation reacts boric acid, B(OH)3, with the weak base ammonia, NH3. 
Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
1. “A calorie is the same as a Calorie.” The capitalization can make a difference! Sometimes writing the word as a Calorie is used to distinguish it as a nutritional calorie, or a kilocalorie, or the amount of energy to raise one kilogram of water one degree Celsius at sea level. This can be confusing for students who have used the calorie unit, meaning the amount of energy to raise one gram of water one degree centigrade at sea level, in physical science problems.
2. “All components of food—fat, protein, and carbohydrates—have the same calorie content, so it doesn’t matter which I eat.” Fats provide 9 Calories per gram, while proteins and carbohydrates provide 4 Calories per gram.
Anticipating Student Questions
(answers to questions students might ask in class)
1. “What are ‘empty calories’?” Empty calories are calories from solid fats and/or added sugars. These add calories but few or no nutrients. Some examples of empty calorie foods are soda and most candies. (http://www.choosemyplate.gov/weight-management-calories/calories/empty-calories.html) 
2. “Are all fats bad?” No. Some fat is necessary in our diets. It supplies fatty acids for building structures such as cell membranes. Certain fatty acids cannot be produced by our bodies and must be taken in as part of our diet. It allows the absorption of fat-soluble vitamins A, D, E, and K. It is also a major source of energy. However, a distinction is made between good (polyunsaturated fats and monounsaturated fats) and bad (saturated fats and trans fats) fats.
In-class Activities 
(lesson ideas, including labs & demonstrations)
1. Students could compare the nutritional labels of a food product that is sold as both a regular version and a fat-free or reduced-fat version. Some may think that if a product is fat-free it gives one license to eat more of it. However, fat-free does not necessarily mean that a serving is much lower in calories. A chart at http://www.nhlbi.nih.gov/health/public/heart/obesity/lose_wt/fat_free.htm compares the calories contained in identical serving sizes of the types of several products.

2. Students could calculate the calories and grams of fat, protein, and carbohydrates in a meal they would typically order at a fast food restaurant and compare it to recommended amounts for their age and activity level. For example, McDonald’s has nutrition facts for many of its menu items at http://nutrition.mcdonalds.com/getnutrition/nutritionfacts.pdf. 

3. The ChemSource 3.0 module “Food and Chemistry” has two experiments relevant to this article:
a. An experiment to determine the mass of sodium chloride in a package of corn chips using the Mohr chloride titration method. Students can compare the experimental value with the one stated on the nutritional label. (pp 3–9)
b. An experiment to determine the relative amounts of water, fats, proteins, and carbohydrates in a milk sample. (pp 15–22)
4. The Tinnesand article mentions a method for determining the amount of protein in food. Students can perform a much simpler test to qualitatively determine the presence of protein in food. The biuret test detects the presence of peptide bonds present in proteins. One such lab procedure is available online at http://www.foodafactoflife.org.uk/attachments/d631ae01-38c9-47918f0f5869.pdf. A similar experiment, “Tests for Protein,” is also available in the book Chemical Activities, pp 217–218 (Borgford, C. L.; Summerlin, L. R. Chemical Activities, Teacher Ed., American Chemical Society, Washington DC, 1988).

5. Students can make glue using milk by separating out the protein casein from the milk. One procedure is available online at http://www.rsc.org/learn-chemistry/content/filerepository/CMP/00/000/529/cce-75.pdf?v=1349533065308.

6. Students can determine and compare the melting point of different fats, such as lard, margarine, and butter, using capillary tubes and standard lab equipment. The handout at http://www.foodafactoflife.org.uk/attachments/75a1315c-5607-4c6dd971c68b.pdf describes the procedure. 

7. Students can determine the amount of fat in a sample of ground beef and compare it to the percentage listed on the package. A sample is weighed, and then boiled in a beaker of water for 10 minutes. The beaker is removed from the heat and allowed to cool. The top fat layer is poured into a graduated cylinder to determine its volume. A full write-up is available in Borgford and Summerlin’s Chemical Activities (Borgford, C. L.; Summerlin, L. R.; Chemical Activities, Teacher ed. American Chemical Society: Washington DC, 1988, pp 246–247).

8. Students can determine the amount of fat in potato chips and French fries by extracting the fat with hexane, as would be done with a Soxhlet extractor, using the procedure at http://www.chymist.com/Fat in potato chips.pdf.

9. A McDonald’s Happy Meal of hamburger or Chicken Nuggets, fries, and drink, is blended into a mush and then tested for the presence of protein (Biuret solution), sugar (Benedict’s solution), starch (Lugol’s solution), vitamin C (indophenol solution), and sodium chloride (silver nitrate solution), using the procedure at http://www.biologyjunction.com/mcmush_lab.htm.
Out-of-class Activities and Projects 
(student research, class projects)
1. Students can keep a record of all food and drink they consume, and any physical activity, for three days and compare their intake with that recommended at http://www.choosemyplate.gov/ or in the Tinnesand article. One example of this type of project is available at http://share.ehs.uen.org/node/2975.

References 
(non-Web-based information sources)
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The ChemMatters Question from the Classroom column answers the question “I heard someone say, ‘You are what you eat.’ What is that supposed to mean?” in the October 2000 issue. It discusses the idea that every atom in our bodies came from food/drink or air along with our bodies’ use of energy. (Becker, R. Question from the Classroom. ChemMatters, 2000, 18 (3), p 2)

The article “Hold the Meat!: Meat-Free Food Takes a Seat at the Table” discusses four different types of meat-free proteins: tofu, tempeh, seitan, and Tofurky. It includes a discussion of why we need protein in our diets. (Nolte, B. Hold the Meat!: Meat-Free Food Takes a Seat at the Table. ChemMatters, 2011, 29 (4), pp 9–11)
____________________

This article from The Journal of Nutrition first discusses Atwater’s role in the chemical analysis of food and moves on to later work in food composition research, including new analytic methods and collaborations between agencies. (Beecher, G. R.; Stewart, K. K.; Holden, J. M.; Harnly, J. M.; Wolf, W. R. Legacy of Wilbur O. Atwater: Human Nutrition Research Expansion at the USDA–Interagency Development of Food Consumption Research. J. Nutr., 2009, 139 (1), pp 178​–184, doi: 10.3945/jn.108.095547, http://jn.nutrition.org/content/139/1/178.full.pdf+html)

Wilbur O. Atwater’s life and extensive work on food composition is described in this lecture. (Carpenter, K. J. The 1993 W. O. Atwater Centennial Memorial Lecture: The Life and Times of W. O. Atwater (1844–1907). J. Nutr., 1994, 124 (9), pp 1707S–1714S, http://jn.nutrition.org/content/124/9_Suppl/1707S.long)


A 2005 report from The Institute of Medicine of the National Academies, “Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids” offers an extensive resource on the body’s requirements to maintain health. (http://www.nal.usda.gov/fnic/DRI/DRI_Energy/energy_full_report.pdf)


The life and work of Johan Kjeldahl is summarized in a 1949 article from the Journal of Chemical Education. The full article is available to subscribers only, but the first page can be viewed at http://pubs.acs.org/doi/abs/10.1021/ed026p459. (Veibel, S. Johann Kjeldahl (1849–1900) J. Chem. Educ., 1949, 26 (9), pp 459–461)


A discussion of the melamine contamination of food during 2007 and 2008 can be used to bring news reports into the chemistry classroom. The abstract can be seen at http://pubs.acs.org/doi/abs/10.1021/ed800174h, while the full article is available only to subscribers. (Kimbrough, D. R.; Jensen, A. C. Using the Melamine Contamination of Foods to Enhance the Chemistry Classroom. J. Chem. Educ., 2010, 87 (5), pp 496–499)

A SourceBook module includes two experiments to determine the amount of various substances in food. (Hubert, J.; Miller, J. A.; Sherman, M. C. “Food and Chemistry” in SourceBook, Version 3.0, edited by Orna, M. V.; Smith, P. J. V. ChemSource, Inc.: New Rochelle, NY, 2010) 
Web sites for Additional Information 
(Web-based information sources)
More sites on nutritional labeling

An extensive 2010 report “Examination of Front-of-Package Nutrition Rating Systems and Symbols: Phase I Report” is available for download at The National Academies Press. It includes a detailed history of nutritional labeling and an analysis of current front-of-package labeling, with recommendations for improvements. (http://www.nap.edu/catalog.php?record_id=12957)

The U.S. Food and Drug Administration Web site has a Food Labeling and Nutrition Overview page with links to information on rules regarding food labeling and other related information. (http://www.fda.gov/Food/LabelingNutrition/default.htm)

The U.S. Department of Agriculture offers a search tool “What’s in the Foods You Eat?” at http://www.ars.usda.gov/Services/docs.htm?docid=17032. The user can search nutrient profiles of 13,000 commonly eaten foods.

The Chemical Heritage Foundation site includes several short biographical pieces on chemists who contributed to the knowledge of food chemistry and nutrition. (http://www.chemheritage.org/discover/online-resources/chemistry-in-history/themes/public-and-environmental-health/food-chemistry-and-nutrition/index.aspx)
More sites on calories
Harvard Health Publications offers an extensive table showing calories burned per 30 minutes of various activities for people weighing 125, 155, and 185 pounds. It includes gym activities, sports, outdoor activities, daily life activities, occupational activities, and even home repair. (http://www.health.harvard.edu/newsweek/Calories-burned-in-30-minutes-of-leisure-and-routine-activities.htm)

The Mayo Clinic Web site has an online calorie calculator to estimate the number of calories needed daily to maintain your current weight. The user enters age, height, weight, gender, and activity level. (http://www.mayoclinic.com/health/calorie-calculator/NU00598)
The 1993 Agricultural Research article “W.O. Atwater—Father of American Nutrition Science” is reprinted on the U.S. Department of Agriculture Web site and summarizes Atwater’s role in founding nutrition science in America and nutrition work done today. (http://www.ars.usda.gov/is/timeline/nutrition.htm)

The most recent iteration of the food pyramid is a plate that shows suggested amounts of fruits, vegetables, grains, proteins, and dairy based on the area they take up on the plate. An entire U.S. Department of Agriculture site is dedicated to this guide to healthy eating. (http://www.choosemyplate.gov/)
More sites on protein
The Harvard School of Public Health has an online document that discusses how to make the best protein choices to eat, along with health issues associated with protein. (http://www.hsph.harvard.edu/nutritionsource/what-should-you-eat/protein-full-story/index.html)

Nutrition information on protein intake is provided online by the Centers for Disease Control and Prevention. (http://www.cdc.gov/nutrition/everyone/basics/protein.html)

The Exploratorium “Science of Cooking” Web site has a section on meat, including learning about what meat is and what gives meat its flavor and color, with meat-related experiments to try. (http://www.exploratorium.edu/cooking/meat/index.html)

Johan Kjeldahl’s work on determining the amount of nitrogen in an organic compound is described at http://www.rsc.org/chemistryworld/Issues/2008/May/KjeldahlFlask.asp.

An extremely detailed guide on the chemistry of the Kjeldahl test and its history is offered at http://www.buchi.ch/fileadmin/user_upload/02_applications/pdf/Buechi_Kjeldahl Guide.pdf by Büchi Labortechnik. 
More sites on fats

The Harvard School of Public Health discusses the idea that it is the type of fat you eat rather than the amount of calories from fat that is linked with disease and how to make healthy choices regarding fats. (http://www.hsph.harvard.edu/nutritionsource/what-should-you-eat/fats-and-cholesterol/index.html)

The Soxhlet extraction is illustrated at http://www.chem-ilp.net/labTechniques/SoxhletExtraction.htm using an animation and a short video.

An “Ask the Historian” column from the Journal of Chemical Education describes the origin of the Soxhlet extractor. (http://www.che.uc.edu/jensen/W. B. Jensen/Reprints/140. Soxhlet Ex..pdf)

This page is designed more to be a promotion of a particular lab and its testing of fat content in foods, but it provides a good explanation of the benefits of using NMR for the testing. (http://www.oxford-instruments.com/OxfordInstruments/media/industrial-analysis/magnetic-resonance-pdfs/Using-Nuclear-Magnetic-Resonance-to-Test-Fat-Content-in-Foods.pdf)

More sites on carbohydrates
A Web site aimed at kids discusses simple and complex carbohydrates, along with how our body uses carbohydrates. (http://kidshealth.org/kid/stay_healthy/food/carb.html)

The WebMD Web site discusses “good carbs” and “bad carbs” and making healthy nutrition choices. (http://www.webmd.com/food-recipes/features/carbohydrates?page=2)

The University of Sydney offers a searchable database of glycemic index values for various foods at http://www.glycemicindex.com/.

The Food and Agriculture Organization of the United Nations discusses methods for analyzing foods for fats, proteins, and carbohydrates. (http://www.fao.org/docrep/006/Y5022E/y5022e03.htm)
More Web sites on Teacher Information and Lesson Plans
(sites geared specifically to teachers)


The U.S. Food and Drug Administration Web site has a collection of materials for using and promoting nutrition facts labels. For example, the section “Understanding and Using the Nutrition Facts Label” has nutrition facts label images to download, information on how to read the label, how to choose healthy foods using the label, and related videos. (http://www.fda.gov/Food/ResourcesForYou/Consumers/NFLPM/default.htm)


The Institute of Food Technologists offers a 63-page pdf booklet “Food Chemistry Experiments” at http://www.accessexcellence.org/AE/AEPC/IFT/pdfs/IFTFoodExperiments.pdf. It contains units on carbohydrates, lipids, and proteins, each with a student experiment, extensive chemistry background information, and related puzzles.
The references below can be found on the ChemMatters �25-year CD (which includes all articles published during the years 1983 through 2008). The CD is available from ACS for $30 (or a site/school license is available for $105) at this site: � HYPERLINK "http://www.acs.org/chemmatters" ��http://www.acs.org/chemmatters�. (At the right of the screen, �click on the ChemMatters CD image like the one at the right.)





Selected articles and the complete set of Teacher’s Guides �for all issues from the past three years are also available free online �at this same site. (Full ChemMatters articles and Teacher’s Guides are available on the 25-year CD for all past issues, up to 2008.) 





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