

Dr. Jamie Schneider – Spring 2005 WSU


Chem 107 Lab 4: Food Testing Lab (Carbohydrates)
Purpose: To learn more about sugars and starches in our foods.  
Background Statement: Your background statement should be on Neutrasweet (Aspartame) and Splenda  (Sucralose) artificial sweeteners.  You should include chemical structures as part of your statement.  Are the structures similar or different compared to normal sugars like glucose or fructose.
Added Prelab question to be included in your prelab:
Complete the following flow chart to show how our standards (fructose, sucrose, glucose, starch, and lactose) could be distinguished using the tests outlined in this experiment.
Starch, fructose, sucrose, glucose, lactose

Iodine test:


Positive:






Negative:

Benedict’s Test:


Positive:







Negative:

Barfoed’s Test:


Positive:







Negative:

Seliwanoff Test:

Positive:







Negative:

Introduction:  The following is a brief introduction to carbohydrates.  You should also read the carbohydrate sections in your book in chapter 7 and consider learning more on-line.  Over 50% of the Earth’s total carbon content is estimated to present in the form of a carbohydrate.  Starches and sugars are common names for types of carbohydrates.  The term carbohydrate comes from the fact that the simplest formula for carbohydrates can be expressed in the form (CH2O)n.  Carbohydrates appear to consist of “hydrates” of carbon.  However, as you will learn in this lab and through readings, carbohydrates are not hydrates of carbon but rather molecules that contain a 1 to 2 to 1 ratio of C to H to O.  For instance, glucose and fructose have the formula, C6H12O6.   

Starches and sugars are common names for types of carbohydrates.  Sugars consist of monsaccharides and disaccharides.  The two most common monosaccharides are glucose (also called dextrose) and fructose.  Monosaccharides are the fundamental units, or building blocks, that make up all other carbohydrates.  Structures of the common monosaccharides can be found at: http://www.scientificpsychic.com/fitness/carbohydrates.html. Glucose “blood sugar” is the most abundant monosaccharide in the human body.  Our bodies use it as a “fuel” for metabolism.  Other carbohydrates that are absorbed by our bodies must be converted to glucose prior to metabolism.  Fructose is the most abundant carbohydrate in fruits.  Honey is actually a 1:1 mixture of fructose and glucose.  Although glucose and fructose share the same formula, their structures are different and they have different properties.  For instance, fructose is sweeter than glucose.  When two monosaccharide units are joined together, they form disaccharides.  Examples of disaccharides include sucrose (or common table sugar) and lactose (milk sugar).  Sucrose is harvested from sugar cane or sugar beets.  Sucrose is made of glucose and fructose sugar units bonded together.  Lactose is made of glucose and galactose sugar units bonded together.  Cow’s milk is about 4-5% lactose; whereas, human breast milk is about 7-8% lactose.  When we drink milk, our bodies need to break down lactose into the monosaccharides glucose and galactose.  To do this, our bodies need a specific enzyme called lactase.  People who lack this enzyme are said to be lactose intolerant; they can not digest milk or milk products.  On the market today are products like Lactaid to help a lactose intolerant person digest milk products.  Starches are actually polysaccharides.  The polysaccharide starch is composed of thousands of glucose units joined together. Starch is a major food reserve found in plants.  Grains like wheats, oats, rye and barley are high in starches.  Potatoes are also high in starches.  Our digestive system breaks down starch into the monosaccharide glucose which is then used as fuel for our bodies.  

Procedure:  We will be testing a variety of monosaccharides, disaccarides, polysaccharides, and food products using a series of classification tests that have been developed to identify carbohydrates.  Every team will be testing a series of known carbohydrates (sucrose, glucose, fructose, lactose, and starch) to develop and understand each classification test (Iodine, Benedict’s, Barfoed’s, and Seliwanoff Tests). Then, you will be testing a variety of food products to apply our knowledge of carbohydrates to food we eat.  Due to limited time, we will be splitting up the testing the food products and sharing all of the data.  If your team number is 1, 3, or 5, you will be testing the food products using the iodine and Benedict’s classification tests.  If your team number is 2, 4, or 6, your will be testing the food products using the Barfoed’s and Seliwanoff classification tests.  Once you are done testing your food products, put your test tubes on display for the other teams to observe and record the data.
Specifically we will be testing corn syrup, 100% apple juice, 100% white grape juice, Gaterade, Kool-Aid, skim milk, skim milk with lactaid added, broth from boiling of low carb noodles, and broth from boiling regular noodles.

Classification Tests, Iodine Test:

Polysaccharides bind with iodine molecules to form dark blue-colored complexes.  Mono- and disaccharides do not bind with iodine.

Iodine Test procedure:
1. Add 1 mL of each sample to be tested into separate labeled test tubes.  In addition to your samples, test a blank sample (distilled water).
2. Add 2-3 drops of iodine solution to each test tube.  Record the color of each solution.  Note whether each result is positive or negative for polysaccharides.

3. Put your food products on display for the other groups.

Classification Tests, Benedict’ Test:

Benedict’s test is a classification test that is used to identify reducing sugars, which include all monosaccharides and most disaccharides (excluding sucrose).  In contrast, all polysaccharides are nonreducing sugars.  Monosaccharides fluctuate between a ring open form and a ring closed form.  The ketone (-C=O) group, circled below for Fructose and the aldehyde group (-CHO), circled below for Glucose in the ring open forms can be reduced using Benedict’s test.  Some sugar units in disaccarides also fluctuate between a ring open form and a ring closed form.  These disaccharides are also reducing sugars because the ring open form has a ketone or aldehyde to react.  Sucrose is one of the few disaccharides that does not have a ring open form so it is a nonreducing sugar.  Benedict’s solution contains copper(II) sulfate (CuSO4) dissolved in strong base.  The Cu2+ ions that are present in solution oxidize aldehyde and ketone groups.  In the process, the Cu2+ ions are reduced to Cu1+ ions.  This is the origin of the title “reducing sugar.”  A positive Benedict’s test result is marked by the disappearance of the blue color due to Cu2+ ions and the appearance of a red precipitate consisting of reduced copper(I) oxide (Cu2O).  
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Ring Open Fructose and Ring Closed Fructose


Ring Open Glucose and Ring Closed Glucose
Benedict’s Test procedure:

1. Add 1 mL of each sample to be tested into separate labeled test tubes.  In addition to your samples, test a blank sample (distilled water).

2. Add 2 mL of Benedict’s solution to each test tube and place the test tubes in a boiling water bath.

3. After about 2-3 minutes, remove the test tubes from the bath using a test tube clamp.  Record the appearance of each solution.  Note whether each result is positive or negative for the presence of reducing sugars.
4. Put your food products on display for the other groups. 

Classification Tests, Barfoed’s Test:

Benedict’s test gives positive test results for all reducing sugars.  However, not all reducing sugars react at the same rate.  With different oxidizing agents, disaccharides are considerably less reactive compared to monosaccharides.  Reducing sugars can be classified as mono- versus disaccharides by reacting them with Barfoed’s solution, a weaker oxidizing agent containing copper(II) acetate in acetic acid.  A positive Barfoed’s test result is similar to that observed with Benedict’s solutions.  Monosaccharides give positive Barfoed’s test results within 2-3 minutes, while disaccharides do not react under the same conditions.

Barfoed’s Test procedure:

1. Add 1 mL of each sample to be tested into separate labeled test tubes.  In addition to your samples, test a blank sample (distilled water).

2. Add 3 mL of Barfoed’s Reagent to each test tube and place the test tubes in the boiling water bath.

3. After exactly 2 minutes, remove the test tubes from the bath using a test tube clamp. Record the appearance of each solution.  Note whether each result is positive or negative for the presence of mono- versus disaccharide reducing sugars.

4. Put your food products on display for the other groups. 

Classification Tests, Seliwanoff Test:

The Seliwanoff test is used to distinguish between different types of monosaccharides, specifically, aldoses and ketoses.  Recall that glucose and fructose have the same formula, C6H12O6.  They differ only in the nature of an important organic functional group that they contain.  Glucose is an aldose because it contains an aldehyde functional group (recall earlier picture).  Fructose is a ketose because it contains a ketone functional group.  Ketoses readily loose water upon heating with 3 M hydrochloric acid for 2-3 minutes.  The resulting compounds react with another reagent, called resorcinol, in the Seliwanoff test to form red products.  Aldoses do not react under the same conditions.  A color change from colorless to red in the Seliwanoff test serves as a positive result to identify ketoses, such as fructose.  One cautionary note: disaccharides can be hydrolyzed or split into monosaccharides in strong, hot acid.  This can lead to a positive Seliwanoff test if the dissacharide was made of a ketose.  For instance, sucrose is made of glucose and fructose so it can give a positive Seliwanoff test. 
Seliwanoff Test procedure:

1. Place 2 mL of Seliwanoff reagent in each test tube.
2. Add 2 drops of each sample to be tested in the correspondingly labeled test tube and place the test tubes in the boiling water bath.

3. After 5-6 minutes, remove the test tubes from the bath using a test tube clamp.  Record the color of each sample.  Note whether each result is positive or negative for the presence of ketoses versus aldoses.

4. Put your food products on display for the other groups.

Artificial Sweeteners Testing:

You will be given a packet of splenda and aspartame (Neutrasweet).  Outside of lab, taste a small pinch of each.  Also taste a small pinch of table sugar, sucrose.  Record your observations.  Note: If you suffer from PKU disease have your teammates test aspartame.

Questions to try to answer from the lab:
In the end, you want to be able to answer the following questions about your standards and food products using lab results, product labels and literature research.

1. Did you predict the right reactions before you came to lab?  If not, what did you miss? Why?

2. What is table sugar?

3. High fructose corn syrup is a commonly added sweetener.  What is it?  How do your tests support this?
4. Is the polysaccharide (starch) content different for Atkins’ Low Carb Noodles vs. regular noodles?  How do your tests support this?
5. What type of carbohydrate is found in 100% juices compared to drinks like Gatorade and Kool-Aid?  How do your tests support this?

6. What does Lactaid do for people who are lactose intolerant?  You will have milk to test before and after addition of Lactaid.  How do your tests support this?

7. How does the taste of artificial sweeteners compare to table sugar?  How do their structures compare?

Safety and Waste: The following is the MSDS information for the reagents used in this lab.  Iodine solution contains iodine and potassium iodide and is an eye and skin irritant.  Benedict’s solution contains copper sulfate, sodium citrate, and sodium carbonate; it is moderately toxic by ingestion and a skin and body tissue irritant.  Barfoed’s solution contains copper acetate and acetic acid; it is moderately toxic by ingestion and a skin and body tissue irritant.  The Seliwanoff reagent consists of resourcinol, which is toxic by ingestion, in hydrochloric acid.  Hydrochloric acid is a corrosive liquid.  Avoid exposure of all chemicals to eyes and skin.  Wear Chemical Goggles, and chemical resistant gloves are recommended.  Wash hands often and thoroughly.  All waste should be placed in the appropriate waste containers supplied by the instructor.   
Materials: 

Any glassware contained in your locker

Materials listed in handout
Solutions of:

Sucrose (1 g per 100 mL of water)
Fructose (1 g per 100 mL of water)
Lactose (1 g per 100 mL of water)
Starch (1 g per 100 mL of water)
Glucose (1 g per 100 mL of water)
Corn Syrup (5 g per  50 mL of water)
Skim Milk (10 g per 50 mL of water)
Skim Milk with Lactaid (~500 mL of skim milk with 2 tablets of lactaid then 10 g of solution per 50 mL of water)
Kool-aide (1 g per 50 mL of water)
100% Apple Juice (10 g per 50 mL of water)
100% White Grape Juice (10 g per 50 mL of water)
Gatorade (5 g per 50 mL of water)
Broth from Boiling Atkins’ Noodles (22 g of noodles boiled in ~400 mL of water)
Broth from Boiling Regular Noodles (22 g of noodles boiled in ~400 mL of water)
(It is up to the instructor's discretion to provide other materials)

Presentations of Lab Results:

Team 3: Present Background

Team 4: Purpose

Team 5: Results

Team 6: Conclusions
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