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The Chemistry of Bread Making
Please read over “The Chemistry of Bread Making” handout. Use the information on this worksheet and the material on acid/base chemistry presented to you in lecture to answer the questions below. Show all work you use to derive your answers.
1) In the baking of the bread, which molecules are acting as acids? As bases? Only consider the molecules fats, baking soda, baking powder, and ascorbic acid. 
Acids: fats, ascorbic acid; Bases: baking soda, baking powder
2) If baking soda (sodium bicarbonate, NaHCO3)) were to be added to water in the following proposed reactions:
Note: Carbonic acid and bicarbonate have a reported pKa of 6.1 and 10.3 respectively.

HCO3- + H2O [image: image3.tiff]THE CHEMISTRY OF BREAD-MAKING

Baking bread may seem like a very simple process. It’s a combination of only four different ingredients: flour, water, yeast, and salt.
However, there’s a lot of science in how these four ingredients interact, and how varying them varies the bread’s characteristics.
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Flour contains high levels of glutenin
and gliadin proteins. These classes of
proteins are collectively referred to as
gluten. When water is added, these
proteins form a network held together
by hydrogen bonds & disulfide
cross-links. Kneading uncoils gluten
proteins, strengthening the network

2 g
h &5 ‘SLOWS DOUGH FERMENTATION
M MAKES DOUGH MORE ELASTIC

© COMPOUND INTEREST 2016 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem

Composed of many
sugar molecules
stuck together

Used by yeast for
fermentation.

Flour contains starch, long chains of
connected sugar molecules. Amylase

converts starch to maltose; maltase in
yeast converts this to glucose. Along
with other sugars, this can be used
by the yeast for fermentation, and is
aiso involved i the flavour-forming

browning reactions that help to form

the bread's crust.
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Helps breadrise  Boils off during baking

Yeast are single-celled fungi that help
convert sugars in the bread mix into
carbon dioxide. The bubbles of carbon
dioxide formed cause the bread to
ise; kneading makes their size more
uniform. Sour dough breads contain
both bacteria and wild yeasts. The
lactic acid produced by bacteria can
Sometimes give a sour taste.
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Sodium bicarbonste. Combined with moisture
‘and acidity, produces carbon dioside,which
Canhlp bread rise. Can cause bittarness
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More commanly known ss vitamin C, it helps
0 strengthen the dough's gluten necwork.

Used n the production of gluten-free bresds.
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 H2CO3 + -OH
A) Write in the predicted products of this reaction above.
B) Will this reaction form an acidic, basic, or neutral solution? Explain in terms of the species present when the salt dissolves and conjugate acids/bases
Because this reaction involves a salt that consists of the anion of a weak acid and the cation of a strong base, the solution will be basic. The anion of the weak acid, -HCO3, will react with water to produce H2CO3 and –OH. Because –HCO3 is the conjugate base of a weak acid, H2CO3, it is a much stronger base than water. The reaction favors the formation of the weaker base and weaker acid, which are OH- and H2CO3, respectively.
3) A) Using your prediction for the reaction above, calculate the resulting pH of a water mixture if you add 5.2 g of baking soda to 500 mL of water. (Ignore the Na+ ion in Molarity calculations)
Step 1: 
B)  If you add 5 mL of lemon juice (MW ascorbic acid = 176.12 g/mol, density ascorbic acid = 1.65 g/cm3, pka1 = 4.17) to your mixture, what is the reaction that occurs?

1. Predict the which side the equilibrium lies on?  Hint : Evaluate the strengths of acids & bases playing roll. 
2. Label the strongest acid and the strongest base. Label each entity with the corresponding pKa or pKb.

3. Label the conjugate acid/base pairs

acidic ingredients added to the mixture. 
4) Given the reactions of baking soda and baking powder before and during the baking process:
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Before Baking HCO; +H,0 ¢-> H,CO5;+ OH- HCO; + HA - CO, + H,0 +A

During Baking HCO; + H,0 + heat - CO, + H,0 HCO; + H,0 + heat - CO, + H,0





A) If you want to make your baked goods “spongier” (less dense), should you use baking soda, or baking powder? Why?
To yield a “spongier,” lighter product, you would want to use baking powder. Although both baking soda and baking powder produce carbon dioxide gas when they react with water during baking, baking powder reacts with acid to produce it before baking, as well. The extra carbon dioxide produced creates extra air bubbles in the bread, yielding a fluffier result.
B) What do you think the label “double acting” on baking powder means?
Baking powder produces carbon dioxide gas before AND during baking, creffect the bread.
5) You really want to make muffins for you and your roommate(s), but all you have in your pantry is baking soda. Utilizing the information learned in this activity, what can you add to your baking mixture (flour, baking soda, water, etc.) to get nice, fluffy muffins? more CO2 will be produced during baking. Th
6)  If the average pH of St. Louis tap water is 8.35, how much baking soda would be necessary to add to a 500mL solution to achieve a pH similar to that of tap water? Is that realistic with typical kitchen supplies?
][-A]/[.124*.468] ---> 1.99e-4 = x3/0.058032 ---> x = [-OH] =Step 1:
7) What do you think is neutralizing the mixture for the bread?
is will ins into the bread during the baking process, adding volume and “fluff” to the bread.
