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24 Hours: Your Food on the Move! 

By Brian Rohrig

How Food Is Broken Down 

Our bodies rely on three major classes of nutrients: carbohydrates, fats and oils, and proteins. Let’s look at each class of nutrients and how they are broken down during digestion.

Carbohydrates are organic molecules that are made of repeating units, each composed of carbon, hydrogen, and oxygen. They are polymers, a class of molecules built from repeating units called monomers, similar to a necklace built from individual beads or a chain built from its links. Carbohydrates are found in vegetables, fruits, dairy products, breads, and sweets. 

Carbohydrates are divided into sugars, starches, and cellulose. Simple sugars can be made of one unit, in which case they are called monosaccharides, or two units, in which case they are called disaccharides. All single sugars have the formula C6H12O6. 

Single sugars include glucose, fructose, and galactose (Fig. 1). Although all three share the same molecular formula (C6H12O6), the arrangement of atoms differs in each case. Substances such as these three molecules, which have identical molecular formulas but different structural formulas, are called structural isomers. 

If glucose is eaten, it does not require chemical digestion, since it is already in a form usable to the body. Fructose is found in honey and fruits and is easily converted into glucose by the body. Galactose is not found in pure form in nature but is a component of milk sugar.
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Figure 1. Chemical structures of (from left to right) glucose, fructose and galactose.
[Sources: http://cdavies.wordpress.com/2009/01/27/simple-sugars-fructose-glucose-and-sucrose/ and http://class.fst.ohio-state.edu/fst605/lectures/lect14.html] 
Common disaccharides are: sucrose (table sugar), lactose (milk sugar), and maltose (malt sugar). Each has the formula C12H22O11. Each double sugar is composed of two single sugars. Sucrose (Fig. 2) is composed of glucose and fructose. Lactose comprises glucose and galactose. Maltose includes two glucose units. 
Disaccharides are produced through a type of chemical reaction called condensation polymerization, in which a water molecule is released after the two single sugars react with each other. For example, the reaction of glucose and fructose occurs through the condensation polymerization reaction shown in Fig. 2.
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Figure 2. Sucrose is produced from the reaction of glucose with fructose.

[Source:http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20101/bio%20101%20lectures/biochemistry/biochemi.htm] 
During digestion, each disaccharide is broken down into glucose by a type of chemical reaction called hydrolysis. Hydrolysis is the chemical breakdown of a compound when it reacts with water and is the opposite of condensation polymerization, because a water molecule is used during the reaction instead of being released.

Starches are known as polysaccharides. Starch consists of hundreds to thousands of individual glucose molecules bonded together (Fig. 3). During digestion, these bonds are broken down by hydrolysis reactions catalyzed by enzymes that are mostly present in the small intestines.
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Figure 3. Chemical structure of a form of starch called amylose.
[Source: http://www.mansfield.ohio-state.edu/~sabedon/biol1025.htm]

Oils and fats are composed of triesters of carbon, hydrogen, and oxygen atoms. An ester is an organic compound formed when an organic acid and an alcohol react, releasing water. A triester is produced in the chemical reaction of a molecule called glycerol that contains three hydroxyl groups (–OH) and three fatty acid molecules, each composed of long hydrocarbon chains (R) with a carboxylic acid group (COOH) at one end (Fig. 4).
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Figure 4. A molecule of fat is the result of a chemical reaction between a glycerol molecule and three fatty acid molecules. 
[Source: http://www.ilri.org/InfoServ/Webpub/fulldocs/ilca_manual4/Milkchemistry.htm]
When fats are broken down, they yield two main products: fatty acid chains and glycerol. Fatty acids are essential to constructing cell membranes. Since our body contains about 100 trillion cells, these fatty acids are important. Fats are a great source of energy. They produce twice as much, gram-for-gram, as carbohydrates or proteins.  

Proteins are made of repeating units, called amino acids (Fig. 5), which are held together by peptide bonds. During digestion, proteins are broken down into amino acids through hydrolysis. The amino acids are then absorbed in our blood and carried by blood cells to our tissues and organs. In the cells of these tissues and organs, the amino acids are either used as a source of energy or are assembled into proteins through condensation polymerization. These newly made proteins are used to make hormones, bones, muscle, skin, and blood.
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Figure 5. Proteins are made of 20 different types of amino acids, which have an amino group, a carboxyl group, and an R group that varies depending on the type of amino acid. [Source: http://proteins-structure.com]
—Brian Rohrig

Note: Watch the video podcast related to this article at: www.acs.org/chemmatters (under “Videos” on the top menu).
------------------------
Who Put Cheddar in the Cheese? 

By Kathy de Antonis

Sidebar 1: Why Is Milk a Colloid?
In milk, fat and protein molecules get together to form spherical particles because of a property called polarity. A polar molecule contains regions of partial positive and negative charges that are due to the uneven distribution of electrons within the molecule relative to the positively charged protons. A nonpolar molecule has an even distribution of electrons, so it has no regions of partial positive and negative charges. As a result, polar molecules interact strongly with other polar molecules (negative ends attracted to positive ends), while polar and nonpolar molecules interact much more weakly. 

The fat and protein molecules present in milk are nonpolar, while water molecules are polar. In a water molecule, hydrogen and oxygen form covalent bonds by sharing electrons. A water molecule is polar because oxygen tends to attract electrons more than hydrogen. The shared electrons are attracted to the oxygen atom more than to either of the hydrogen atoms, leaving the positively charged protons of the hydrogen atoms distanced from their electrons. So, the oxygen end of the molecule has a greater concentration of electrons than the hydrogen ends, which leads to a partially negative charge on the oxygen end and a partially positive charge on the hydrogen ends. 

A fat molecule, on the other hand, has an even distribution of electrons and is therefore nonpolar. So, fat molecules bind much more weakly to water molecules than water molecules bind to each other. As a result, fat molecules form a spherical structure called a globule, which is created during milk synthesis. The rare polar groups present in some fats are pushed to the surface of the globule, where they interact with surrounding water molecules. 

Milk proteins also form spherical structures, but they are a little different. There are two different types of milk proteins: caseins (75–80% of total proteins) and whey proteins (20–25% of proteins). Whey proteins are polar, so they easily dissolve in the whey, while most casein molecules are nonpolar, so they form droplets like the fat molecules. Only one type of casein molecules—called ( casein—is partly polar: It consists of two parts: one polar, and one nonpolar. 
Similar to milk fat molecules, nonpolar casein proteins gather inside a spherical structure called a submicelle (Fig. 1). On the surface of the submicelle are ( casein proteins that can bind to surrounding water molecules. The submicelles then bind together through nanocrystals of calcium phosphate to form a spherical structure called a micelle, the surface of which is very high in ( casein which enables the micelle to bind with the surrounding water.  
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Figure 1. A casein micelle consists of cluster of submicelles. Each submicelle consists of nonpolar casein proteins inside and of ( casein proteins outside. Also, the surface of the submicelle contains clusters of calcium phosphate that bind submicelles together in the micelle. The polar parts of ( casein proteins are shown as hair-like structures. This depiction of a casein micelle is one of several possible representations because scientists do not know exactly what these micelles actually look like. [Adapted from Kindstedt, American Farmstead Cheese, p 46]

—Kathy De Antonis

Sidebar 2: Making Yogurt with Milk

Milk is used not only to make cheese but also yogurt. All you need is a gallon of milk (low fat or whole milk) and either unsweetened, unflavored yogurt with live cultures or a commercially available starter. 

First, you need to heat the milk in a pot to about 170 oF–180 oF (as measured with a kitchen thermometer) both to kill any other bacteria that might be in the milk that would compete against the bacteria that convert milk to yogurt and to cause the milk proteins to unfold.

Stir the milk as it heats up. Once the milk reaches 170 oF–180 oF, turn off the burner and continue to stir it, as it cools. You only need to stir it for another 2–3 minutes to prevent the milk from scorching at the bottom of your pot.

Once the milk’s temperature reaches 105 oF–110 oF, mix up the plain yogurt in its container until it is liquid and add it to the pot of warm milk. Stir it for a couple of minutes for the yogurt to dissolve into the milk. This will spread the yogurt’s bacteria throughout the milk and allow it to grow.

Pour the milk into quart-sized containers and put them into a cooler, along with pitchers full of hot water from the tap. The heat from the pitchers will keep the containers warm. Then, the yogurt bacteria start converting lactose into lactic acid, which causes the milk proteins to unfold and give yogurt its texture and characteristic flavor.  This process, called fermentation, lasts 4–8 hours.

After about 6–8 hours, the yogurt should be firm. Cap the containers and put them in your refrigerator. They will last about 2 weeks. If you want to use one of these yogurts as a starter for your next batch, use it within 5–7 days or freeze it and let it thaw before using it for your next batch.

Reference: How to Make Yogurt – Step-by-Step Guide with Pictures:

http://livelonger.hubpages.com/hub/How_to_make_your_own_yogurt_-_An_illustrated_guide [accessed Dec 2011]
------------------------

Unwrapping the Mystery of Mummies

By Cynthia Washam

Mummy's Finest Linens

To our 21st-century sensibilities, mummies, pyramids, hieroglyphics, and the other icons of ancient Egypt seem totally foreign. But one key component of mummification is as familiar as fine dinner napkins and tablecloths. It is linen, a natural fabric that is as cherished today as it was 2,000 years ago.

Ancient Egyptians had few choices of fabric. Linen was widely available because it was woven from fibers in flax plants, which thrived around the Nile delta. The fabric is thin, strong, and has a characteristic sheen. By contrast, sheets and towels can be found in the linens section of a store, but these bed and bath items are mostly made of polyester and cotton. 
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Flowering flax plant [Credit: www.photos.com] 

Fibers used to make linen are removed and separated from flax plants before being woven. Flax plants also produce valuable seeds. “In the United States, flax is harvested primarily for its nutritious seeds, which are sold to produce edible oil, but in Europe, most of the grown flax is used to produce linen,” says Hans Kandel, an agronomist from North Dakota State University in Fargo. An agronomist is an expert in the production of agricultural crops and the management of soils. 

Linen in ancient Egypt was produced in various qualities, depending on its softness and color. It was well-suited for mummification because of its durability. For Egyptian royalty, no expense was spared in mummification with the finest linens. “Some of the linen was produced specifically for mummies,” says Colleen Manassa, an associate professor of Egyptology at Yale University, New Haven, Conn. 

Another important property of linen is that it helps preserve tissue, thanks to silica (SiO2) in the flax fibers. Silica is the scientific name for mineral quartz or silicon dioxide (SiO2). “Silica is what’s in sand,” Kandel says. “The flax plant takes up nutrients from the ground and is strengthened by silica.” Although linen alone cannot preserve a body, it works with resin and natron to help keep the mummy intact. 

While mummies may be ancient history, the tradition of shrouding the dead in linen survives. For instance, Jewish burial garments are made of white linen. In this case, rather than being the foundation of a costly, artistic casing—as in ancient Egypt—the practice of using simple garments honors a tradition that sets limits on ostentatious displays of burial clothes. 

The most famous—and controversial—burial linen is the Shroud of Turin. The relic was discovered around 1357 and is kept in the Cathedral of Saint John the Baptist in Turin, Italy. Although the Bible says Jesus was wrapped in linen, scientists have argued about its authenticity. And like typical scientists trying to solve the seemingly unsolvable, they likely will continue the debate for decades to come. 

—Cynthia Washam
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