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The Effect of Lemon Juice in Pancake Thickness

Introduction: 
The perfect pancake recipe can sometimes seem as elusive as above-freezing temperatures in Gambier in February. However, with rigorous research, perhaps one of the many flapjack fables may be dispelled forever—that of the effect of lemon juice in pancakes. In some cookbook or other (maybe Joy of Cooking), the author claimed that adding a little lemon juice will make the pancake fluffier, as the citric acid from the lemon reacts with the basic baking soda and makes air bubbles in the batter. This experiment compared the thickness and diameter of a control group without lemon juice and a treatment group with a teaspoon of lemon juice and an extra teaspoon of baking soda. The treatment group was expected to be slightly thicker than the control group.  

Experimental: 
Pancake batter was made according to the following recipe:

Mix 2 c. flour, 4 tsp. baking powder, 1.5 tsp. salt, and 5 tbs. sugar.

In separate bowl, mix 2 large eggs, 2 c. milk, 4 tbs. melted butter. Add wet ingredients to dry and mix until just combined. 

Approximately half the batter was poured into another bowl, dividing the control group from the treatment group, and ensuring that slightly different proportions of ingredients did not contaminate the measurements. In one bowl, with the treatment group, 1 tsp. of lemon juice and another tsp. of baking soda were added. However, the lemon juice was not stirred into the batter before the baking soda was added, so much of the reaction took place on top of the batter, releasing gas into the air of the room rather than inside the batter. Each pancake was made with a quarter of a cup of batter, with the measuring cup washed between different types of pancakes to prevent contamination. However, the amount of batter that remained inside the measuring cup or that dripped onto the pan from the sides of the cup varied from one pancake to the next, creating a source of variation.  

The order in which the pancakes were made was randomized by assigning numbers 1-10 to the control group of regular pancakes and numbers 11-20 to the treatment group of lemon pancakes, and running the numbers through the randomizing applet “Lotto.” 

The order of the numbers was as follows:

8   (control/regular)

2   (control/regular)

7   (control/regular)

4   (control/regular)

15 (treatment/lemon)

17 (treatment/lemon)

18 (treatment/lemon)

6   (control/regular)

12 (treatment/lemon)

13 (treatment/lemon)

3   (control/regular)

14 (treatment/lemon)

9   (control/regular)

19 (treatment/lemon)

11 (treatment/lemon)

1   (control/regular)

16 (treatment/lemon)

20 (treatment/lemon)

10 (control/regular)

5   (control/regular)

By randomizing the order of the pancakes, factors like the heat of the pan and the amount of grease in the pan were controlled to some extent. After the pancakes were cooked, the thickness of the pancake was measured by inserting a crochet hook (washed—toothpicks were not to be found) into the thickest area of the pancake and measuring the above-pancake portion of the hook with a ruler. The thickness of the pancake would then equal the full length of the crochet hook minus the measured, above-pancake portion of the hook. The diameter was also measured with a ruler. Unfortunately, the amount of batter needed for twenty pancakes was greater than the actual amount of batter. This only gives sixteen experimental units (eight control and eight lemon) rather than the desired twenty. However, as the desired number of experimental units was decided due to whim and estimated amount of resources (materials and time), the fewer number of experimental units and data was not of great consequence.
Results:


The lemon juice did have a systematic effect on the pancake thickness, though not in the manner hypothesized. The thicknesses and diameters of the lemon and regular pancakes are shown in table one. 

Table 1: Thickness and Diameter of Lemon and Regular Pancakes

	
	Thickness
	Diameter
	
	

	Regular
	0.55
	4.15
	
	

	Regular
	0.40
	4.20
	
	

	Regular
	0.40
	3.90
	
	

	Regular
	0.55
	4.50
	
	

	Regular
	0.50
	4.70
	
	

	Regular
	0.50
	4.90
	
	

	Regular
	0.47
	4.60
	
	

	Regular
	0.45
	5.0
	
	

	Regular
	*
	*
	
	

	Regular
	*
	*
	
	

	Lemon
	0.50
	4.75
	
	

	Lemon
	0.50
	4.50
	
	

	Lemon
	0.45
	5.30
	
	

	Lemon
	0.50
	4.20
	
	

	Lemon
	0.55
	4.20
	
	

	Lemon
	0.40
	4.90
	
	

	Lemon
	0.50
	5.10
	
	

	Lemon
	0.55
	4.70
	
	

	Lemon
	*
	*
	
	

	Lemon
	*
	*
	
	


The mean thickness of the lemon and that of regular pancakes were about equal. These means, as well as mean diameter and volume of the pancakes, are shown in Table 2.

Table 2: Mean Thicknesses, Diameters, and Volumes 
	
	Thickness (inches)
	Diameter (inches)
	Volume (inches)

	Lemon
	0.49375
	4.70625
	8.57333

	Regular
	0.47750
	4.49375
	7.65714


The lemon pancakes demonstrated far less variability in their thickness, and their first quartile of thickness was significantly higher than that of the regular pancakes, as seen in Figure 1. The diameters of the lemon pancakes were, on the whole, slightly bigger than those of the regular pancakes (Figure 2). The volumes of the pancakes had about the same median, but the lemon pancakes had higher first and third quartiles (Figure 3). All descriptive statistics for each type of pancake may be seen in Table 3, attached.
Figure 1: Boxplot of Pancake Thickness

[image: image3.wmf]T

y

p

e

T

h

i

c

k

n

e

s

s

R

L

0

.

5

6

0

.

5

4

0

.

5

2

0

.

5

0

0

.

4

8

0

.

4

6

0

.

4

4

0

.

4

2

0

.

4

0

B

o

x

p

l

o

t

 

o

f

 

T

h

i

c

k

n

e

s

s

 

v

s

 

T

y

p

e


Figure 2: Boxplot of Pancake Diameter
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Figure 3: Boxplot of Pancake Volume
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Discussion:
This experiment presented many possibilities for error, some of which were controlled better than others. Having slightly different proportions of flour and milk and so forth was controlled by making one batch of batter, which was then split into a control and treatment group. However, because the lemon juice and baking soda were not mixed in separately, much of the acid-base reaction took place visibly (bubbling, etc) on the top of the batter, meaning that the bubbles of gas escaped into the air of the room rather than being trapped in the batter. Also, lack of time and materials prevented obtaining the desired number of experimental units, so the results may be skewed simply due to a small number of experimental units. Other uncontrollable variables included the heat of the pan (especially in the McBride kitchen) and bias on the part of the experimenter. Knowing that a certain pancake was lemon or regular may have influenced the measuring of thickness or the more subjective measuring of diameter (more subjective because many of the pancakes were not perfectly round). Also, the amount of batter used for each pancake was not exactly 0.25 c., as much of the batter stuck to the cup or dripped off the cup from its sides onto the pan. Upon repetition of this experiment, more experimental units (that is, more batter) would be desirable, as would stirring in the lemon and baking soda separately in the treatment group. Also, having two quarter-cup measuring cups—one for each group—might make more consistent results as the cups would not have to be washed during the course of the experiment. Finally, making the experiment double-blind by having the measurer ignorant of the status of the pancake measured, whether lemon or regular, would give better results.
Conclusion:


Although many uncontrolled factors in the experiment may have contaminated the results, the experiment suggests that adding a little lemon juice and some baking soda to pancakes will at least prevent especially thin pancakes, if not make them noticeably thicker on the whole. The lemon pancakes also seemed to be less dense, lighter and fluffier, as their volume was greater than their regular pancake siblings with the same amount of batter. I would like to add that adding lemon did not affect the flavor of the pancake. In fact, upon consumption with maple syrup, neither group seemed to have much advantage over the other; rather, both were equally delicious. Then again, taste buds are subjective, necessitating the use of hard data, as gathered in this experiment, to advance the quest for the perfect pancake.  
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