Gateway 125, 126, 130
Fall 2006
Studio 6a  p6

Studio 6a 10/09/06:  Nutty Calories
Concepts:  Calorie, heat, specific heat capacity 

Reading: 6.8 p242-245; 6.12 p256-258
Group Roles:  A Leader; B Recorder; C Technician
Creating Context

Excerpt from:  B. Ousland and K. O. Storvik, "Alone to the North Pole," The Sciences, July-August 1994, pp. 10-14.
"[On March 2, 1994,] Borge Ousland, a Norwegian explorer and deep-sea diver by profession, had set out at age thirty-one to make one of the most difficult treks in polar history:  to ski alone from land to the North Pole, receiving no additional support during his trek.  Alone he would have to conquer more than 600 miles of drifting ice on the open sea, fighting the severe cold and other inhospitable conditions, and navigate through pressure ridges formed by huge colliding blocks of ice that would sometimes be forced upward more than thirty feet.  His only companion would be his sled, which weighed some 300 pounds at the start, packed with food, stove, tent, sleeping bag, spare clothing and navigation and maintenance gear.  He also carried various special items, including a handgun and a kind of sound-and-light grenade, called a flash-bang, to scare off the polar bears that roam almost everywhere in the Arctic. ... [O]nly he can narrate the details:
'Every morning I would get up early, waking up to a small alarm watch secured to my collar with Velcro.  To wake up, I left the tent as quickly as possible.  My breakfast would follow:  oatmeal mixed with sugar, dry milk and soya oil -part of a diet designed to give me abundant Calories to fuel my efforts, combined with efficient nutrition.  I also ate vitamins and mineral pills as supplements.
'Once I broke camp I tried to maintain a steady rhythm of travel:  two hours of skiing, then ten minutes' rest, then repeat the cycle.  My lunch menu was much the same as my breakfast, and then I would put in another three cycles of skiing and rest before stopping for the night.  My dinner would be either salmon or ham mixed with mashed potatoes and unsaturated fat.  My total food intake was 6200 Calories a day - about two times what is needed by the average urban adult male - and I had to discipline myself strictly not to eat any more.  If I hadn't, the food I carried would not have lasted the sixty-six days I had planned for.  In the first four-fifths of the trip I was also very strict about not skiing more than ten hours a day.  Breaking that rule would have forced me to eat much more, and so again I might have run out of food before I reached the Pole.
'I cooked over a small stove powered with heptane -a fuel quite similar to white gas.  The pot I used was modified from the one we developed for our 1990 trek.  To conserve as much heat as possible, the pot has an insulated screen around it and a lid on top.  Because of its excellent fuel economy, I could melt enough snow for drinking and heat enough water to warm my freeze-dried dinnes on less than two deciliters of fuel a day.'
[A month into the trip,] Ousland continued his everyday routine of skiing and resting.  'I slept only one day in the tent because of bad weather, but I soon found it unbearable.  I wanted to move, no matter the conditions.  On April 12 I increased my rations from 6200 Calories to 7500 and more, and I began skiing twelve hours and more a day.  The seasonal change of the sun had given me about two extra hours of daylight for each each week of travel since March 2, and so by this time I had more than fourteen hours of usable light.  The extra skiing began to give me leg cramps in the mornings, but they would work themselves out by lunchtime.  I was eager to finish now.  In the last weeks I made between twelve and twenty miles a day.  My stomach would hurt at times from all the food.'

Yet Ousland was now burning muscle tissue in addition to food -a dangerous business, according to experts on nutrition.  Eventually it could adversely affect organs, such as the liver and kidney, and even cause damage to the nervous system and the brain.  But he walked that thin line without crossing it:  weighed at the end of this trek, he had lost about forty-five pounds, but the tissue loss had no effect on his internal organs, and certainly no effect on his brain.

....At the North Pole, Ousland photographed himself as tears of joy and relief flowed freely down his cheeks. ...Suddenly he lifted his arms and yelled towards the sky above.  It was a cry of victory.  On April 22, fifty-two days and eleven hours after setting out, he had skied alone and unassisted to the pole."
1)  Why did Ousland eat so much on his journey and yet loose forty-five pounds?

2)  Why did Ousland find it necessary to take vitamin and mineral supplements when he was eating so much food?

3)  If you were going on a similar expedition, what food and supplies would you bring and why?

Background Information

All foods are broken into small molecules during digestion.  Some of these small molecules are reassembled to form the more complex structures that the body needs, while others are metabolized –the biological equivalent of burning–  to generate energy.  Metabolism is a series of complex reactions that require the presence of excess oxygen (which we breathe in) and food for its reactants and that produce CO2 and H2O (which we breathe out) as the products. The energy released in these reactions fuels our basal metabolism (basic body functions) and our physical activity.  
Q:  How do you measure the energy in food (or the Calories in each serving)?  

A:  Food chemists use a bomb calorimeter to measure the energy evolved from the combustion of food.  A bomb calorimeter is a sealed steel vessel or “bomb” designed to withstand high pressure and surrounded by a known volume of water.  The quantity of energy (measured in joules or calories) produced by the combustion of a known amount of food inside the bomb can be calculated from the temperature increase in the water.  (Sound familiar to the hot pack studio?)  It should be noted that this approximation does not work as well for proteins because their nitrogen is released as N2 in a bomb calorimeter whereas the body produces mainly urea (NH2)2CO.  In addition, laboratory measurements of the energy content in foods tend to be higher than the energy obtained by the body because a small percentage of the food is not digested or absorbed as it moves through the digestive system.  Finally, a portion of the food’s energy must be used for the processes of digestion and metabolism.

Q:  What is a Calorie?

A:  A chemists calorie (lowercase c) is the quantity of heat that it takes to raise the temperature of 1 kg of water 1 degree Celsius.   A food Calorie (capital C) is a kilocalorie or 1000 c.  1 calorie = 4.184 J.

Question:

How many Calories per g are in peanuts, almonds, cashews, pecans, brazil nuts, hazel nuts, or cheese puffs?

Data/Fact Gathering
CAUTION:  This lab involves open flames!!  Make sure your hair and any loose clothing is tied back and does not come near the flames.  Make sure all flames are extinguished properly and all matches and other flammable materials are disposed of properly.
After using a match to light your nut/puff, rinse it with water and place it in the solid waste bucket.
The ash left after burning food is very sooty, so avoid direct contact with your clothes.
Data/Fact Gathering

You will need to measure the caloric content of two of the foods on the list.  Read through the entire experiment, construct the calorimeter and your data table before lighting anything on fire.

Construct a simple calorimeter as shown in Figure 1.
Figure 1:  Apparatus for Measuring Calories
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Make sure that you get accurate data for each run:  mass of food before combustion; mass of soda can dry; mass of soda can and water; and initial and final temperature of the water.  

Data Table:

4) It is important to stir the water and to ensure that the temperature probe is not sitting on the bottom of the can when measuring the water temperature.  Why?

5)  Would it be necessary to reweigh and reassemble the soda can and water for additional experiments?  Why or why not?

6) After conducting the experiment once, speculate on sources of error.  Will each of the errors increase or decrease the measured temperature change? 

If possible refine your experimental technique to account as much as possible for your error.  When you believe that you have the experiment as error free as possible, perform three or four additional trials to check the precision of your measurements.  Repeat with your second nut/puff.

You may begin experimenting now._______________________________________________

7) Calculate the energy released per unit mass (Calories/g) for each of your two foods. (Hint:  q=mCT)
8) How precise were your measurements?
9) The reported values on food packages for Calories in the foods you tested are:
Peanuts    5.18 Cal/g 
Almonds  5.47 Cal/g

Cashews   5.65 Cal/g

Pecans      6.91  Cal/g

Brazil nuts 6.85 Cal/g

Hazel nuts 6.42 Cal/g

Cheese puffs vary with brand

Are your values different?  Why?  How does your calorimeter compare to a bomb calorimeter?
10) The fat in peanuts s primarily a trimester of oleic acid which has the molecular formula of C57H104O6.  Write a balanced chemical equation for the metabolism of peanuts in your body.

11)  Assuming that a peanut is made exclusively from oleic acid, what is the H of its combustion reaction (including the correct sign?)

Use ~200 mL of water in the can.  Know the exact mass/volume of water used.











� Idea for use from Laursen, S.; Mernitz, H.  Would You Like Fries with That? The Fuss About Fats in our Diet; Wiley & Sons:  New York , 2000.
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