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The need to knead: Gluten formation and the density of bread

Milo W-T, Grade 10

Victoria School of Science

Introduction

Research question: How much kneading is needed to produce a light, airy loaf of bread?

Before baking, bread dough is mixed, kneaded, and left to rise to produce a light, airy loaf. Kneading serves 

two purposes: to help develop gluten in the flour and to distribute yeast cells throughout the dough. Gluten is a 

flexible film that is formed when glutenin and gliadin proteins link together with hydrogen and ionic bonds 

during kneading.1 

When the dough is left to rise, yeast cells convert sugar into alcohol and carbon dioxide gas. Gluten traps the 

gasses produced by the yeast, resulting in the air pockets in a finished loaf.1 

How much kneading is required? Greater amounts of gluten are formed as the bread is kneaded. Some bakers 

say that more kneading will result in a lighter loaf, as more air can be trapped by the gluten film.2 Others say 

that the increasing elasticity of the gluten will prevent the dough from rising when more kneading is done, 

resulting in a finer texture but a more dense loaf.3  Overworking the dough with too much kneading can destroy 

the gluten bonds and ruin the texture of the bread, though this is unlikely to occur when kneading by hand.3

Kneading dough by hand is a labour intensive task. I aim to find the minimum amount of time required to knead 

dough while producing a light loaf, for both white flour and whole wheat flour. 

1
 Joseph Amendola and Nicole Rees, Understanding Baking: The Art and Science of Baking, 3rd ed. (John Wiley and 

Sons, inc., New Jersey), p 162 -163.
2 Malcolm Tatum (2011, Sept 17), Why do you need to knead  bread? [online]  wisegeeks  .  com   (accessed: 2011, Oct 6)
3 Peter Barham,The Science of Cooking (Springer-Verlag, Berlin, 2001), p114.
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Table 1. Summary of key variables in this experiment.

Independent variable Kneading time of the dough.

Dependent variable Density of the resulting bread. The lower the density, the lighter and 

more airy the loaf.

Key controlled variables Bread recipe (particularly sugar, 

yeast, and flour amounts).

Rising and baking temperature.

Rising time and baking time.

Yeast type.

This ensures that the proportions of 

flour and yeast are constant in each 

trial. Sugar is the fuel for the yeast 

and will influence the amount of gas 

that the yeast produce. 

Procedure
1. Make the bread using the following ingredient amounts

● 475 ml warm water (110 oF/45 oC)

● 135 g white sugar

● 20 g active dry yeast

● 9 g salt

● 60 ml vegetable oil

● 820 g flour (white or whole wheat depending on the trial).

2. Follow the directions for making the dough at   http  ://  allrecipes  .  com  /  recipe  /  amish  -  white  -  bread  /  detail  .  aspx  

3. Begin kneading the dough. Remove an approximately 100 g portion at regular time intervals. Shape into a 

ball, contacting the dough as little as possible. Place on an oiled cookie sheet.

4. Let the dough rise uncovered for 60 minutes in an oven preheated to 170 oF (77 oC). Oven was turned off 

with 37 minutes of rising time remaining.

5. Remove dough from oven and preheat oven to 350 oF. Bake for 20 minutes. Put the tray with the variable 

knead times on the top rack and the control buns on the middle rack. Remove from oven and allow to cool 

before touching the buns.

6. Weigh each bun, then wrap in cling film. Submerge each bun in water to measure the volume of water 

displaced.

7. Replace the flour in step 1 with whole wheat. Continue with steps 2 - 6.

8. Repeat steps 1-7 twice, for a total of three trials of white flour and three trials of whole wheat.

Results

The control buns had an average density of 0.342 g/mL, and all the control buns were within 1.7% of the 

average value (see table 2). This suggests that the location of the buns in the oven during rising and baking 

has a negligible impact on the final density.

Table 2.  Observations of the control white dough buns. Each bun was kneaded for 16 minutes. Buns rose and were 

baked in the following positions on the middle rack.

Oven location Mass (+ 0.1 g) Volume (+ 10 mL) Density (g/mL)

Back left 82.2 240 0.343

Back right 72.2 210 0.344

Front left 75.6 220 0.344

Front right 67.1 200 0.336
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Figure 1. Plot of all the densities determined for three trials of white flour buns and three trials of whole wheat buns.

As the kneading time increases for both the white flour and the whole wheat dough the density of the resulting 

buns generally decreases (see figure 1). The whole wheat buns are considerably more dense than the white 

flour buns. The densities of both types of buns have the general shape of an exponential decay.  The rate of 

decay is slower in the whole wheat buns compared to the white flour buns. This suggests that gluten, a protein 

found in wheat, takes longer to develop in whole wheat flour when kneaded, compared to white flour.

In chemical reactions, the initial rate of a reaction can be determined by fitting the linear portion of a 

measurable observable versus time. In this experiment, the decrease in density with kneading time can be 

used to compare how quickly gluten develops in both white and whole wheat flour.
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Figure 2. Average of the calculated densities of three trials of white flour buns. The pink line indicates the linear regression 

of the first four data points (deemed linear). The equation of this line of best fit is y = −0.0249 x +  0.501, with an R-

squared of 0.9791.

Figure 3. Average of the calculated densities of three trials of whole wheat buns. The pink line indicates the linear 

regression of the first five data points (deemed to linear). The equation of this line of best fit is y = −0.0172 x +  0.600, with 

an R-squared of 0.9944.

How much kneading is required? The data collected does not provide a clear answer. As stated above, steady 

decreases in the density of the bread are only seen in the first 4 and 10 minutes of kneading for the white and 
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whole wheat dough, respectively.  If the goal is the lightest (least dense) buns possible, small returns may be 

seen when the dough is kneaded for longer than the duration of my experiment. The actual decreases in 

density, however, become unreliably small after a while. In the six trials conducted for this experiment, 

kneading the bread longer continued to provide small decreases in density until an average of 8.7 minutes for 

white flour and 17.3 minutes for whole wheat flour (see table 3).

Table 3. First time at which the bun density decreased by less than 0.01 g/mL.

Trial

White Flour

1            2             3

Whole Wheat

1             2             3

Time (in minutes) when density decrease was less than 0.01 g/mL 8             8           10 12          20          20

Average time (in minutes) 8.7 17.3

Conclusions

Gluten develops more quickly in white flour compared to whole wheat. As shown in figure 2, the density of the 

white flour was initially decreasing at a rate of 0.0249 g/(mL min) (grams per milliliter per minute). For whole 

wheat buns (figure 3), the density decreased more slowly, at a rate of 0.0172 g/(mL min). This is approximately 

⅔ the rate of the white flour.

As the gluten is developed, the rate of the reaction slows and the elasticity of the dough increases. This is why 

the density of the buns decreases more slowly as the kneading proceeds. The density decrease deviates from 

the linear regression after 4 minutes for white flour and 10 minutes of kneading time for whole wheat. Kneading 

for an infinite amount of time is inefficient and unnecessary. Significant improvements in bun density were no 

longer apparent after 8.7 minutes and 17.3 minutes for the white and whole wheat buns, respectively.

Conclusion: When trying to make light and fluffy bread kneading 4 to 9 minutes for white flour and 10 to 17 

minutes for whole wheat flour is a good compromise between effort and impact of kneading.
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