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Abstract

The purpose of this experiment is to compare what will happen to each product when replacing all-purpose flour with white rice flour and tapioca flour. The experiment will be conducted by using three different recipes; the control, variable 1, and variable 2. A panel of six students will then taste and evaluate the product based on the following sensory characteristics: color, cell size, sweetness and aftertaste. The muffins will then be objectively tested using a penetrometer to determine the hardness and of each muffin. 
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Introduction

Imagine yourself sitting in the kitchen of your family holiday party. To your right your grandma is offering you a piece of cake, to your left, your aunt is handing you a piece pie, and sitting on the table in front of you is a plate full of cookies your mom baked. While most of us would agree to at least one of these desserts, you have to sadly decline all of them. To make things worse, it’s not because you don’t want to eat them; it’s because if you eat them or you will become very sick. 


Celiac disease, also called celiac sprue disease is a digestive disease that damages the small intestine and interferes with the absorption of nutrients from food. The small intestine is lined with villi, which become inflamed when gluten and products made with gluten are consumed. Symptoms that occur when gluten is consumed include, abdominal pain, diarrhea, fatigue and dehydration. Other long-term effects of celiac disease include: weight loss, increased or decreased appetite, muscle weakness and bone and dental orders such as osteoporosis. (NDDIC, 2008)  Research shows the more than two million people in the United States live with celiac disease, but there is currently no way to prevent or treat the disease. 


The only thing one with celiac disease can do is follow a strict gluten-free diet. Unfortunately, even following a strict diet can be a challenge when the majority of products found in stores and restaurants are not gluten-free. 

Research Question

The purpose of this experiment is to the effect of eliminating gluten in peanut butter banana chocolate chip muffins by replacing all-purpose flour with white rice and tapioca flour. 

Review of Literature  


According to the Celiac Sprue Association, “Celiac disease is a genetically linked disease with an environmental trigger.” (Kruase 2004) In people with celiac disease, eating certain kinds of protein, commonly called, gluten causes an autoimmune response that causes damage in the small intestine. The damage causes the small intestine to lose the ability to absorb nutrients found in food. Severe damage of the small intestine can lead to malnutrition and other kinds of complications. (CSA 2009)


According to Jefferson Adams, (January 2010) the diagnosis of about ninety five percent of all Americans living with celiac disease happens at the age of two years old. The number of people diagnosed with celiac disease has rapidly grown each year. The numbers of diagnoses have increased not only because more cases of celiac are being discovered in people, but also because doctors are now able to more easily recognize the signs and symptoms of celiac disease. (Adams 2010) 


The National Digestive Diseases Information Clearinghouse says that, “About one out of every thirty-three people have celiac disease. Among people who have a first-degree relative such as a parent, sibling or child diagnosed with the disease, as many as one out of twenty two people will have the disease.” (NDDIC 2008)


In 2004, serologic screening techniques were constructed to see which races had the largest and smallest number of children who had celiac disease. Research shows that celiac disease was most relevant in Caucasian American children and the least relevant in those of African, Chinese and Japanese origin. “Children with type 1 diabetes, IgA deficiency, Down Syndrome, Turner Syndrome and Williams Syndrome have a significantly higher incidence of having celiac disease then other children” says registered nurse, and author of Pediatric Nursing. (Allen 2004) 


The National Institute of Health Consensus Development Conference Statement constructed an acrostic table of key elements to help children and adolescents remember the important factors of celiac disease, it reads as follows: 

Consultation with a skilled dietitian Education about the disease Lifelong adherence to a gluten-free diet Identification and treatment of nutritional deficiencies Access to an advocacy group Continuous long-term follow up by a multidisciplinary team.

Children who are educated outside the house, not only have a better understanding of celiac disease but they also tend to show more responsibility when it comes to following a gluten-free diet plan. Certain hospitals and medical centers are now providing group discussion meetings for children living with celiac disease, and the parents who have children living with celiac disease.  (Allen 2004)

The protein gluten is made up of two insoluble wheat proteins called glutenin and gliadin. When flour is moistened with water and mixed thoroughly, the two insoluble proteins form gluten. This is the protein responsible for celiac. (Intro Foods 2004)  
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According to Liliane Papin, author of Gluten Intolerance and Celiac Disease, “When dough and batters containing gluten are mixed thoroughly glutenin molecules cross-link and associate with gliadin, which contributes viscosity and extensibility to the mixture”. When the dough or batter is leavened with some sort of yeast or chemical leavening agent, the product will produce air bubbles of carbon dioxide, which then become trapped by the gluten mixture, causing the dough or mixture to rise. (Papin 2009)


A quick bread is a type of bread that is leavened with yeast or a chemical leavening agent. Unlike breads made with yeast, that can take several hours to rise, quick breads rise relatively quick, reliable and uniform in structure. (Bennion & Scheule 2004) 


An important factor of all quick bread recipes is the proportion of ingredients. The ingredients are balanced to produce the type of quick bread desired. Structural ingredients such as eggs and flour are balanced against tenderizing agents such as sugar and fat so that the product will have form and structure, but still have the appropriate tenderization required. The consistency of a quick batter dough or mixture is determined by its ratio of liquid to flour. A muffin mixture is based on a 2:1 ratio, two parts flour, and one part liquid. A 2:1 ratio of flour to liquid is the best ratio for gluten formation. (Bennion & Scheule 2004)


Some examples of quick breads include, pancakes, waffles, biscuits, coffee cake, muffins and breads that are made with baking powder. 


A well-made muffin generally is uniform in texture, golden brown in color and rounded in shape. The crumb of the muffin should be slightly moist, light and tender. The muffin should also be easily broken without crumbling. The flavor should be slightly sweet and pleasant tasting. 


When mixing muffin mixture, use the “muffin method”. When using the muffin method you should follow the following steps. First, sift all they dry ingredients together in one bowl. Next, blend all the wet ingredients in a separate bowl. Lastly, add the sifted dry ingredients to the wet ingredient bowl mixing quickly. However, you have to be sure not to over stir the muffin mix. A properly stirred muffin mix should result when they dry ingredients are slightly moistened, the batter appears smooth, and an elastic gluten structure begins to form. An over mixed muffin batter has partially developed gluten and appears to be smooth and cohesive. (Fry 2008)


When baking muffins it is important to always prepare the muffin tins before preparing the muffin mix. When prepared muffin batter sits in the mixing bowl it becomes full of gas bubbles and begins to rise before it is put into the oven. An oven temperature of 400 degrees is often used when baking muffins for about twenty to twenty five minutes; a lower oven temperature setting can be used when baking muffins for a longer amount of time. (Bennion & Scheule 2004)

Methodology 


A recipe was found at Nobel Pig’s website. The recipe was converted to the ingredients metric equivalents using Handbook 8. The first step of the experiment was to convert all of the ingredients from English to Metric units. To make sure there would be enough time to complete all three recipes all the dry ingredients would be pre weighed before lab started. Each ingredient was measured on a digital scale in grams. The ingredients would then be placed in Ziploc bags labeled, “control”, “variable 1” and “variable 2”.


During pre weighing sessions, or before lab started the flour would be measured out for the recipes, starting with all-purpose flour for the control. 104 grams was measured out and put into the bag labeled “control”, followed by 104 grams of white rice flour, placed in “variable 1” and 100 grams of tapioca flour in the “variable 2” bag. After the flour was measured, the baking powder, salt and cinnamon would be weighed out. 11.4 grams of baking powder, 5.5 grams of salt and 0.65 grams of cinnamon would be put into each bag for the three different recipes. 


As soon as lab started on trial day, the oven would first be preheated to 350 degrees and three large mixing bowls were needed. Next, line the muffin tins with muffin cups. Using colored muffin cups allowed me to remember which muffin belonged to which recipe; yellow cups, “control”, pink cups “variable 1” and white cups, “variable 2”. The ingredients that took the longest to measure needed to be weighed out first, starting with the bananas.


 First, cut up two bananas and place them in a bowl to be mashed. Once they were mashed, weight out 272 grams per recipe. Next, weigh out 193.5 grams of peanut butter per recipe and set aside. After those two ingredients were weighed, start weighing out the wet ingredients. 242 grams of milk, 50 grams of egg (1 large egg), 42 grams of canola oil, 4.2 grams of vanilla, 76.5 grams of white sugar and 100.5 grams of brown sugar were placed in each of the three bowls. Starting with the bag labeled “control”, add the bag of dry ingredients to one of the bowl filled with mixed wet ingredients, followed by “variable 1” and lastly “variable 2”. Once all three bowls were mixed together add in the peanut butter and the bananas and mix the bowls again. Lastly, weight out 196 grams of chocolate chips per bowl, and spoon stir them into the mixtures. After each mixture was complete, they would be poured into their assigned muffin cup and put in the oven for twenty-five minutes or until cooked throughout. 


While the muffins were in the oven, take six small paper plates and divide them into three even sections, labeling each plate with the following numbers; 412 (control), 936 (variable 1) and 524 (variable 2). Once the muffins had baked for at least twenty-five minutes check to make sure they were fully cooked, and not burning. After they were done baking, take them out of the oven and allow them to cool for at least ten minutes. Once the muffins were cooled, the sensory evaluation could begin. One muffin would be placed on the plate that corresponded with each number, so a total of three muffins would be on the plate. Each evaluator would receive one plate of muffins and a scorecard sheet to be filled out. Once each evaluator had conducted their sensory test they would submit their evaluation sheet to me. (See page ENTER PAGE NUMBER for scorecard)


After trial day, changes needed to be made to one recipe. The structure of the muffin that was made with tapioca flour did not structurally work out. While the other two muffins had sponge-like centers, the muffin made with tapioca flour had a pudding-like center and was rubbery. Tapioca is used to add structure and body to baked goods. When to much tapioca is added to a recipe it makes the center rubbery and chewy. The reason the second recipe did not work out is because too much tapioca flour was used.  Sine the tapioca flour was not going to work out, brown rice flour was now going to be used as the second variable. 


To conduct the objective testing, all three muffins were tested using a penetrometer. A penetrometer is a machine that measures tenderness by determining the distance a cone penetrates a food during a defined period and using only gravitational force. (McWilliams 2008) The penetrometer first needs to be set on zero. Then place one muffin directly under the cone and needle. Align the needle so it is just barely touching the muffin top. Release the needle so it penetrates the muffin top. Hold there for thirty seconds, release and take your reading. Repeat this process for all three muffins. The objective test using the penetrometer will help to measure the tenderness of each muffin, and what affect the flour had on it. (See appendix G for results)


Using Handbook 8 the total water, calorie, carbohydrate, fat, and protein content were determined for each muffin recipe. (See appendix A for results). 

Using SPSS 17.0 Analytical Software, and Analysis of Variance (ANOVA), statistical information will be conducted using the objective test and sensory testing data. (See appendix B-E for results.

As you can see in table below, the sensory panel could only taste slight differences between in the variables. The two most noticeable changes were seen in color and aftertaste. Both of the most noticeable changes were seen between the control and variable 1. 

	
	Color 
	Cell Size
	Sweetness
	Aftertaste

	Control
	2.7
	2.7
	3.2
	2.7

	Variable 1
	2.4
	2.8
	2.6
	2.1

	Variable 2
	3.3
	2.4
	2.9
	2.5



Statistical analysis of each characteristic was preformed; if there were significance in difference it would be less than 0.5. The results of the muffin showed that there was a significant difference in color between the control and variable 1 as well as the control and variable 2. No difference was seen between variable 1 and variable 2. The statistical results of sweetness showed that each muffin was different from each other, and the sensory panelist could taste a different sweetness in each. Cell size results showed that the panelist could see a significant difference in cell size in each muffin. Lastly, the statistical analysis for aftertaste shows that again, the panelist could see significant difference in each muffin when it came to the aftertaste. 


The results of the statistics show that the sensory panel could tell a difference in all characteristics for each muffin except for color. The panelist thought that variable 1 and variable 2 were close when it came to the color of both muffins, but could tell that the control muffin was darker. 


The nutritional analysis shows that when it comes to the total kcals in each recipe, variable 1 recipe, made with white rice flour has the most calories, and the control recipe made with all-purpose flour has the least calories. 

Recommendations 


If this research was replicated I would suggest picking two different flours other than white rice and brown rice to see if the muffins could be created using other flours, making more options for those with celiac disease. 

While constructing the objective test, the needle always penetrated right through two of the muffin tops, and didn’t ease into them, so the test was always the same, and I knew what to expect each time. I would suggest conducting a different objective test such as a planimeter test to trace the area that the muffin occupies. 
Conclusion

Overall, the substitutions of gluten free flours in the muffins were highly accepted by the sensory panel.  Surprisingly, the majority of the panel commented on how the muffin made with brown rice flour was the best tasting muffin of the three. Complaints that I had received were, the muffin made with all-purpose flour was to sweet, and the muffin made with white rice flour did not structurally look like a muffin, it was flat on top instead of rounded. Since the favorite muffin out of the three was a muffin made with gluten-free flour, it is very possible that gluten elimination will become helpful to parents who have children living with celiac disease, so that they will be able to alter their child’s favorite recipes so that they are compatible with their specific needs, but also still able to eat their favorite foods.
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Appendix A 

Control Recipe 

	Ingredient
	Water
	Kcal 
	Carbohydrate
	Protein
	Fat

	Unbleached

All- purpose flour
	37.25g
	1138kcal
	238.47g
	32.28g
	0g

	Sugar
	0.02g
	387kcal
	99.98g
	0g
	0g

	Brown Sugar
	1.47g
	418kcal
	107.90g
	0.13g
	0g

	Baking Powder 
	0.96g
	4kcal
	3.81g
	0g
	0g

	Salt
	0.01g
	0kcal
	0g
	0g
	0g

	Cinnamon
	0.28g
	4kcal
	2.10g
	0.10g
	0.03g

	Bananas
	203.8g
	242kcal 
	62.12g
	2.96g
	0.90g

	Milk
	219.4g
	102 kcal
	12.18g
	8.22g
	2.37g

	Peanut Butter
	4.20g
	1496kcal
	38.46g 
	60.43g
	121g

	Canola Oil
	0g
	371kcal
	0g
	0g
	42g

	Vanilla
	2.21g
	12kcal
	0.53g
	0g
	0g

	Eggs
	37.92g
	72kcal
	0.39g
	6.29g
	4.97g

	Chocolate Chips 
	0.39 g
	145kcal
	8.65g
	3.74g
	15.17g


Variable 1 Recipe

	Ingredient
	Water
	Kcal
	Carbohydrate
	Protein
	Fat

	White Rice flour
	46.97g
	1446kcal
	316.51g
	23.50g
	5.61g

	Sugar
	0.02g
	387kcal
	99.98g
	0g
	0g

	Brown Sugar
	1.47g
	418kcal
	107.90g
	0.13g
	0g

	Baking Powder
	0.96g
	4kcal
	3.81g
	0g
	0g

	Salt
	0.01g
	0kcal
	0g
	0g
	0g

	Cinnamon
	0.28g
	4kcal
	2.10g
	0.10g
	0.03g

	Bananas
	203.8g
	242kcal
	62.12g
	2.96g
	0.90g

	Milk
	219.4g
	102 kcal
	12.18g
	8.22g
	2.37g

	Peanut Butter
	4.20g
	1496kcal
	38.46g
	60.43g
	121g

	Canola Oil
	0g
	371kcal
	0g
	0g
	42g

	Vanilla
	2.21g
	12kcal
	0.53g
	0g
	0g

	Eggs
	37.92g
	72kcal
	0.39g
	6.29g
	4.97g

	Chocolate Chips
	0.39 g
	145kcal
	8.65g
	3.74g
	15.17g


Variable 2 Recipe 

	Ingredient
	Water
	Kcal 
	Carbohydrate
	Protein
	Fat

	Unbleached

All- purpose flour
	47.28g
	1434kcal
	302.10g
	28.56g
	10.98g

	Sugar
	0.02g
	387kcal
	99.98g
	0g
	0g

	Brown Sugar
	1.47g
	418kcal
	107.90g
	0.13g
	0g

	Baking Powder 
	0.96g
	4kcal
	3.81g
	0g
	0g

	Salt
	0.01g
	0kcal
	0g
	0g
	0g

	Cinnamon
	0.28g
	4kcal
	2.10g
	0.10g
	0.03g

	Bananas
	203.8g
	242kcal 
	62.12g
	2.96g
	0.90g

	Milk
	219.4g
	102 kcal
	12.18g
	8.22g
	2.37g

	Peanut Butter
	4.20g
	1496kcal
	38.46g 
	60.43g
	121g

	Canola Oil
	0g
	371kcal
	0g
	0g
	42g

	Vanilla
	2.21g
	12kcal
	0.53g
	0g
	0g

	Eggs
	37.92g
	72kcal
	0.39g
	6.29g
	4.97g

	Chocolate Chips 
	0.39 g
	145kcal
	8.65g
	3.74g
	15.17g


Appendix B

Statistical Analysis of Sensory Characteristic: Color 

	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	C_1
	2.66666666666667E0
	.365148371670111
	6

	V1_1
	2.44444444444444E0
	.501848435139387
	6

	V2_1
	3.27777777777778E0
	.250924217569694
	6


	Tests of Within-Subjects Effects

	Measure:MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	C_v1_v2
	Sphericity Assumed
	2.235
	2
	1.117
	13.923
	.001

	
	Greenhouse-Geisser
	2.235
	1.547
	1.444
	13.923
	.004

	
	Huynh-Feldt
	2.235
	2.000
	1.117
	13.923
	.001

	
	Lower-bound
	2.235
	1.000
	2.235
	13.923
	.014

	Error(C_v1_v2)
	Sphericity Assumed
	.802
	10
	.080
	
	

	
	Greenhouse-Geisser
	.802
	7.735
	.104
	
	

	
	Huynh-Feldt
	.802
	10.000
	.080
	
	

	
	Lower-bound
	.802
	5.000
	.160
	
	


	Paired Samples Test

	
	
	Paired Differences
	t
	df
	Sig. (2-tailed)

	
	
	
	95% Confidence Interval of the Difference
	
	
	

	
	
	Mean
	Std. Deviation
	Std. Error Mean
	Lower
	Upper
	
	
	

	Pair 1
	C_1 - V1_1
	2.222222222222223E-1
	2.721655269759087E-1
	1.111111111111111E-1
	-6.339798173499984E-2
	5.078424261794445E-1
	2.000
	5
	.102

	Pair 2
	C_1 - V2_2
	2.222222222222219E-1
	7.793634629666747E-1
	3.181738014061412E-1
	-5.956695722409788E-1
	1.040114016685423E0
	.698
	5
	.516

	Pair 3
	V1_1 - V2_1
	-8.333333333333339E-1
	4.594682917363408E-1
	1.875771446237126E-1
	-1.315515734079577E0
	-3.511509325870905E-1
	-4.443
	5
	.007


Appendix C 

Statistical Analysis of Sensory Characteristic: Sweetness 

	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	C_3
	3.22
	.807
	6

	V1_3
	2.55555555555556E0
	5.018484351393873E-1
	6

	V2_3
	2.88888888888889E0
	1.047041687945755E0
	6


	Tests of Within-Subjects Effects

	Measure:MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	C_v1_v2
	Sphericity Assumed
	1.333
	2
	.667
	2.093
	.174

	
	Greenhouse-Geisser
	1.333
	1.757
	.759
	2.093
	.182

	
	Huynh-Feldt
	1.333
	2.000
	.667
	2.093
	.174

	
	Lower-bound
	1.333
	1.000
	1.333
	2.093
	.208

	Error(C_v1_v2)
	Sphericity Assumed
	3.185
	10
	.319
	
	

	
	Greenhouse-Geisser
	3.185
	8.784
	.363
	
	

	
	Huynh-Feldt
	3.185
	10.000
	.319
	
	

	
	Lower-bound
	3.185
	5.000
	.637
	
	


	Paired Samples Test

	
	
	Paired Differences
	t
	df
	Sig. (2-tailed)

	
	
	
	95% Confidence Interval of the Difference
	
	
	

	
	
	Mean
	Std. Deviation
	Std. Error Mean
	Lower
	Upper
	
	
	

	Pair 1
	C_3 - V1_3
	6.666666666666665E-1
	8.692269873603532E-1
	3.548604316149180E-1
	-2.455311130211405E-1
	1.578864446354474E0
	1.879
	5
	.119

	Pair 2
	C_3 - V2_3
	3.333333333333330E-1
	6.324555320336757E-1
	2.581988897471610E-1
	-3.303880426266791E-1
	9.970547092933452E-1
	1.291
	5
	.253

	Pair 3
	V1_3 - V2_3
	-3.333333333333335E-1
	8.692269873603530E-1
	3.548604316149180E-1
	-1.245531113021140E0
	5.788644463544734E-1
	-.939
	5
	.391


Appendix D

Statistical Analysis of Sensory Characteristic: Cell Size

	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	C_2
	2.66666666666667E0
	.699205898780101
	6

	V1_2
	2.83333333333333E0
	.781735959970572
	6

	V2_2
	2.44444444444444E0
	.934919287465006
	6


	Tests of Within-Subjects Effects

	Measure:MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	C_v1_v2
	Sphericity Assumed
	.457
	2
	.228
	1.069
	.379

	
	Greenhouse-Geisser
	.457
	1.426
	.320
	1.069
	.366

	
	Huynh-Feldt
	.457
	1.835
	.249
	1.069
	.376

	
	Lower-bound
	.457
	1.000
	.457
	1.069
	.348

	Error(C_v1_v2)
	Sphericity Assumed
	2.136
	10
	.214
	
	

	
	Greenhouse-Geisser
	2.136
	7.132
	.299
	
	

	
	Huynh-Feldt
	2.136
	9.176
	.233
	
	

	
	Lower-bound
	2.136
	5.000
	.427
	
	


	Paired Samples Test

	
	
	Paired Differences
	t
	df
	Sig. (2-tailed)

	
	
	
	95% Confidence Interval of the Difference
	
	
	

	
	
	Mean
	Std. Deviation
	Std. Error Mean
	Lower
	Upper
	
	
	

	Pair 1
	C_2 - V1_2
	-1.666666666666670E-1
	7.817359599705715E-1
	3.191423692521127E-1
	-9.870482440412829E-1
	6.537149107079490E-1
	-.522
	5
	.624

	Pair 2
	C_2 - V2_2
	2.222222222222219E-1
	4.036867138796656E-1
	1.648044108243481E-1
	-2.014210026720793E-1
	6.458654471165230E-1
	1.348
	5
	.235

	Pair 3
	V1_2 - V2_2
	3.888888888888888E-1
	7.123253522144268E-1
	2.908056072956088E-1
	-3.586507229201921E-1
	1.136428500697970E0
	1.337
	5
	.239


Appendix E

Statistical Analysis of Sensory Characteristic: Aftertaste 

	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	C_4
	2.66666666666667E0
	.596284793999944
	6

	V1_4
	3.14
	.521
	6

	V2_4
	2.50
	.691
	6


	Tests of Within-Subjects Effects

	Measure:MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	C_v1_v2
	Sphericity Assumed
	1.318
	2
	.659
	2.199
	.162

	
	Greenhouse-Geisser
	1.318
	1.507
	.875
	2.199
	.179

	
	Huynh-Feldt
	1.318
	2.000
	.659
	2.199
	.162

	
	Lower-bound
	1.318
	1.000
	1.318
	2.199
	.198

	Error(C_v1_v2)
	Sphericity Assumed
	2.997
	10
	.300
	
	

	
	Greenhouse-Geisser
	2.997
	7.535
	.398
	
	

	
	Huynh-Feldt
	2.997
	10.000
	.300
	
	

	
	Lower-bound
	2.997
	5.000
	.599
	
	


	Paired Samples Test

	
	
	Paired Differences
	t
	df
	Sig. (2-tailed)

	
	
	
	95% Confidence Interval of the Difference
	
	
	

	
	
	Mean
	Std. Deviation
	Std. Error Mean
	Lower
	Upper
	
	
	

	Pair 1
	C_4 - V1_4
	-4.722222222222223E-1
	5.813458204571208E-1
	2.373334373699314E-1
	-1.082307245309438E0
	1.378628008649935E-1
	-1.990
	5
	.103

	Pair 2
	C_4 - V2_4
	1.666666666666661E-1
	9.603240193925290E-1
	3.920506392083856E-1
	-8.411315851236596E-1
	1.174464918456992E0
	.425
	5
	.688

	Pair 3
	V1_4 - V2_4
	.639
	.733
	.299
	-.131
	1.409
	2.134
	5
	.086


Appendix F 

Objective Testing Analysis 
	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	C_objective
	326.300
	.
	1

	V1_objective
	394.00
	.
	1

	V2_objective
	280.600
	.
	1


	Tests of Within-Subjects Effects

	Measure:MEASURE_1

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	C_v1_v2
	Sphericity Assumed
	6510.447
	2
	3255.223
	.
	.

	
	Greenhouse-Geisser
	6510.447
	.
	.
	.
	.

	
	Huynh-Feldt
	6510.447
	.
	.
	.
	.

	
	Lower-bound
	6510.447
	1.000
	6510.447
	.
	.

	Error(C_v1_v2)
	Sphericity Assumed
	.000
	0
	.
	
	

	
	Greenhouse-Geisser
	.000
	.
	.
	
	

	
	Huynh-Feldt
	.000
	.
	.
	
	

	
	Lower-bound
	.000
	.000
	.
	
	


Appendix G

Muffin Scorecard                        Judge____________________ Date__________

                                                                                    Sample 

Characteristics                                  412                    524                     936

	Color

1: To pale 2: Slightly brown 3:Golden brown 4: To Golden brown 5: Dark Brown
	
	
	

	Cell Size

1: Very small  2: Small  3: Medium 4: Large 5: Very large 
	
	
	

	Sweetness 

1: Unsweet 2: Slightly Sweet 3: Pleasing 4: To Sweet

5: Much to sweet
	
	
	

	Aftertaste 

1: Distinct aftertaste  2: Aftertaste 3: Very Slight 4: No Aftertaste 5: Strong
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