Experiment 11 — Carbohydrates

Carbohydrates are a class of natural compounds that contain either an aldehyde
or a ketone group and many hydroxyl groups — they are often called polyhydroxy
aldehydes or ketones. A monosaccharide consists of a single carbohydrate molecule,
containing between 3 and 7 carbons. Examples of monosaccharides are glucose and
fructose. A disaccharide consists of two monosaccharides that are linked together.
Sucrose and lactose are disaccharides. A polysaccharide consists of many
monosaccharides linked together. Starch, pectin, glycogen, and cellulose are examples of
polysaccharides.

Carbohydrates are used for energy. The carbohydrates that we eat are broken
down in our bodies and eventually form water and carbon dioxide. The energy obtained
in this process is used for other reactions that must occur in the body. Excess
carbohydrates that we eat can be stored in the liver as glycogen or can be converted to
fats. Plants create carbohydrates in the process of photosynthesis, where energy from the
sun is used to build carbohydrates from water and carbon dioxide.

Monosaccharide structures can be written as Fischer projections. In a Fischer
projection, the structure is drawn vertically with the carbonyl carbon at the top. It is
understood that for each chiral carbon in the molecule, the horizontal bonds point out of
the page (toward you) and the vertical bonds point into the page (away from you). Fischer
projections are used to indicate the stereochemistry of each chiral carbon in the molecule
and to compare monosaccharide structures easily. For example, there are many
aldohexoses with the same connections of atoms but different stereochemistry, and they
all have different names! The Fischer projections for glucose and galactose are shown
below. Note that the only difference between these sugars is the stereochemistry around
carbon 4, yet they have different names.

In solution, most monosaccharides exist in a cyclic form — the aldehyde or ketone
group reacts with one of the —OH groups on the other end of the same molecule to form a
cyclic hemiacetal. Shown here are the cyclic structures for D-glucose. Notice that there
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are two possibilities: a-D-glucose and B-D-glucose. These are called the different
anomers of glucose. In solution, there is an equilibrium between the cyclic form and the
open chain or free aldehyde form. The rings are constantly opening up and closing again.
In this way, the alpha and beta forms can be interconverted.
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Chemical Tests for Carbohydrates

A reducing sugar is one that can be oxidized. In order to be a reducing sugar, the
molecule must contain a free anomeric carbon, since it is the open-chain form of the
aldehyde that is able to react (and be oxidized). One test for reducing sugars involves
Fehling’s reagent, which contains Cu** ions in an aqueous basic solution. If a reducing
agent is present, the Cu** is reduced to Cu* and forms a red precipitate of Cu,O.
Therefore, if Fehling’s solution is added to a solution containing a reducing sugar, a red
precipitate will form. Sometimes the reaction mixture must be heated in order for the
precipitate to form. The color of the precipitate can vary from red to orange to green (the
green color is actually a mixture of an orange and a blue precipitate).

Barfoed’s test is similar to Fehling’s test, except that in Barfoed’s test, different
types of sugars react at different rates. Barfoed’s reagent is much milder than Fehling’s
reagent. Reducing monosaccharides react quickly with Barfoed’s reagent, but reducing
disaccharides react very slowly or not at all. Therefore, it is possible to distinguish
between a reducing monosaccharide and a reducing disaccharide using Barfoed’s reagent.
A positive test is a dark red precipitate and is evidence of a reducing monosaccharide.

In Seliwanoff’s test, a dehydration reaction is involved. Seliwanoff’s reagent
contains a non-oxidizing acid (HCl) and resorcinol. When a ketose is reacted with this
reagent, it becomes dehydrated and a cherry-red complex forms (not a precipitate).
Aldoses also react with this reagent, but much more slowly than ketoses. When
Seliwanoff’s reagent is reacted with a disaccharide or a polysaccharide, the acid in the
solution will first hydrolyze them into monosaccharides, and the resulting
monosaccharides can then be dehydrated. Disaccharides and polysaccharides will
therefore react slowly with Seliwanoff’s reagent. When you carry out this test, it is
important to note the time required for a reaction to occur.

Iodine forms a blue, black, or gray complex with starch and is used as an
experimental test for the presence of starch. The color of the complex formed depends on
the structure of the polysaccharide and the strength and age of the iodine solution. Iodine
does not form a complex with simpler carbohydrates (monosaccharides and
disaccharides). Amylose (starch) is helically coiled in solution, and it is this helical
structure that is necessary to form the blue complex with iodine. Monosaccharides and
disaccharides are too small to be helically coiled. Amylopectin, cellulose, and glycogen
form different colors with iodine — red, brown, or purple.

Many carbohydrates can undergo fermentation in the presence of yeast. The
carbohydrate is the food source for the yeast, and the products of the fermentation
reaction are ethanol and carbon dioxide gas.

CH,,O, > 2 CH,CH,OH + 2 CO, ©
Glucose Ethanol

Fermentation is used in the processes of making beer and wine, where the alcohol
produced by the yeast is the desired product. Not all sugars, however, can be used by
yeast as a food source. You will test which sugars ferment in the presence of yeast and
which ones do not. The evidence of fermentation will be the evolution of carbon dioxide
gas. In the test, a quantity of a solution (containing yeast and the sugar to be tested) will
be trapped in an upside-down small test tube. After a few days, you will check to see if a
gas bubble has formed in the test tube. If there is a gas bubble, it means fermentation did
occur.

Disaccharides and polysaccharides can be hydrolyzed in the presence of acid or
specific enzymes. When a disaccharide is hydrolyzed, the products are the individual
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monosaccharides. When a polysaccharide is hydrolyzed, the products will depend on how
long the mixture is allowed to react, the concentration of acid or enzyme, and other
factors. Polysaccharides are very long and have many glycosidic bonds to hydrolyze.
They cannot all be hydrolyzed at the same time, so the product is a mixture of dextrins,
maltose, and glucose. If a polysaccharide sample is hydrolyzed completely (which means
that it must react for a while), the product is glucose. In this experiment, you will
hydrolyze a sample of sucrose and then test it for the presence of a reducing sugar. You
will also hydrolyze a sample of starch and then test it for the presence of both a reducing
sugar and starch.

Safety Precautions:
*  Wear your safety goggles.

Waste Disposal:

* All waste must be placed in the inorganic waste containers (which have a blue
label) in one of the fume hoods.

Procedure

Fehling’s Test

1. In this part of the experiment, you will test glucose, fructose, lactose, sucrose,
starch, and your unknown. Add 6 drops of the solution to be tested to each of 6
labeled test tubes. In a larger test tube, mix 6 mL of Fehling’s solution A with 6
mL of Fehling’s solution B. Add 2 mL of this mixture to each of the 6 test tubes,
and mix each tube thoroughly by shaking the tube well. Place these tubes in a
boiling water bath for 5 minutes. After 5 minutes, remove the tubes from the
water bath and record your observations. The formation of a red precipitate
indicates a positive reaction.

Barfoed’s Test

2. You will again test glucose, fructose, lactose, sucrose, starch, and your unknown.
Add 1 mL of the solution to be tested to each of 6 labeled test tubes. Add 3 mL of
Barfoed’s reagent to each of the 6 test tubes, and mix each tube thoroughly by
shaking the tube. Place these tubes in a boiling water bath for 5 minutes. After 5
minutes, remove the tubes from the water bath, let them cool, and then cool them
further by running cold water over the outside of each test tube. Record your
observations. The formation of a red precipitate indicates a positive reaction. Note
the amount of time needed for the red precipitate to occur in each case.

Seliwanoff’s Test

3. For this part, you will test glucose, fructose, lactose, water, and your unknown.
Add 10 drops of the solution to be tested to each of 5 labeled test tubes. Add 4 mL
of Seliwanoff’s reagent to each of the 5 test tubes, and mix each tube thoroughly
by shaking the tube. Place these tubes in a boiling water bath and note the time
needed for any color change to occur. After 10 minutes, stop heating the tubes.
Record your observations. A color change indicates a positive reaction.

Iodine Test
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You will test glucose, fructose, lactose, sucrose, starch, water, and your unknown.
Add 1 mL of the solution to be tested to each of 7 labeled test tubes. Add 3 drops
of 1odine solution to each of the 7 test tubes, and mix each tube. Compare the
colors and record your observations.

Fermentation Test

5.

In this part of the experiment, you will test glucose, fructose, lactose, sucrose,
starch, water, and your unknown. Obtain 7 large test tubes, label them, and fill
each one with the solution to be tested. Add 0.2 g of yeast to each of the tubes and
mix well with a stirring rod to dissolve the yeast. (Make sure to rinse off the
stirring rod between solutions so as not to contaminate them.) Put a small test tube
upside-down in each large test tube. Cover the top of each large test tube with
parafilm or a rubber stopper and invert the large tube so that the small test tube
inside gets filled with the solution. Return the large test tube to an upright
position, and remove the rubber stopper or parafilm. The small test tube inside
should now be completely filled with solution — it should not have any air bubbles
in it. (If it does, try again!) When each tube has been prepared, set them aside in
your laboratory drawer until the next laboratory period.

At the next laboratory period, check to see if there is a gas bubble in any of the
small test tubes. The presence of a gas bubble is evidence that a gas was produced
in the reaction. If a gas was produced, that means that fermentation occurred in
the tube. Record your observations.

Hydrolysis of Sucrose

Add 0.5 mL of 3 M HCI to 5 mL of a 1 % sucrose solution in a test tube. Mix.
Heat and stir the mixture in a boiling water bath for 20 minutes. (You may add
deionized water to this solution if the volume starts getting low!) Cool the
solution, and add 1 M NaOH until the solution tests neutral on litmus paper. (To
test the solution, you will need both red and blue litmus paper. Add a drop of
NaOH to the solution, stir it with a stirring rod, and then touch the stirring rod to
each piece of litmus paper. Repeat this until neither piece of litmus paper changes
color. A basic solution will turn the red litmus paper blue, and an acidic solution
will turn blue litmus red. If the solution is neutral, neither piece of litmus paper
will change color.)

Transfer 8-10 drops of this solution to a small test tube. In a separate tube, mix
together 1 mL of Fehling’s solution A with 1 mL of Fehling’s solution B. Add
this mixture to the small test tube containing your hydrolyzed sucrose, and heat
for a few minutes in a boiling water bath. Record your observations. Compare the
results of this test with your results for unhydrolyzed sucrose in step 1 of this
experiment.

Hydrolysis of Starch
9.

10.

Place 3 mL of 1 % starch in a test tube and add 0.5 mL of 3 M HCI. Mix and
place this mixture in a boiling water bath for 10 minutes. After 10 minutes,
remove the tube from the water bath and let it cool. Neutralize this solution with 1
M NaOH and mix well (use the same procedure for neutralization that you used in
step 7 above).

Transfer 8-10 drops of this solution to a small test tube. (Save the rest of it for
step 11.) In a separate tube, mix together 1 mL of Fehling’s solution A with 1 mL
of Fehling’s solution B. Add this mixture to the small test tube containing your
hydrolyzed starch, and heat for a few minutes in a boiling water bath. Record your
observations. Compare the results of this test with your results for unhydrolyzed
starch in step 1 of this experiment.
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I11.

Using your solution from the end of step 9 (the hydrolyzed starch solution),
transfer 1 mL to a small test tube. Add 3 drops of the iodine solution, and record
your observations. Compare your results for this test with you results for
unhydrolyzed starch in step 4 of this experiment.

Questions

1.
2.

0 N R

10.
I11.
12.

According to the results of each part of the experiment, identify your unknown
and explain your reasoning.

Compare the results you obtained for the Fehling’s test of sucrose to the Fehling’s
test of hydrolyzed sucrose. Explain your results.

Compare the results you obtained for the Fehling’s test of starch to the Fehling’s
test of hydrolyzed starch. Explain your results.

Compare the results you obtained for the iodine test of starch to the iodine test of
hydrolyzed starch. Explain your results.

What is meant by the term “reducing sugar”?

What is the purpose of testing water in the Seliwanoff’s test and the iodine test?

Draw the ring structures for a-D-fructose and for B-D-fructose.

An unknown carbohydrate gave a red precipitate when tested with Fehling’s
reagent, turned red when reacted with Seliwanoff’s reagent, and quickly gave a
red precipitate when reacted with Barfoed’s reagent. What conclusions can be
made about this carbohydrate?

What test could be used to differentiate between sucrose and lactose? Explain.
What test could be used to differentiate between glucose and starch? Explain.
What test could be used to differentiate between glucose and fructose? Explain.
Why don’t all of the disaccharides undergo fermentation with yeast?
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