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Regression Analysis of food energy and nutrients in Bakery products
Introduction

This project is a study of relationship between food energy and each kind of nutrients in bakery products.  (1) Nutritionists usually talk about the number of calories in a gram of a nutrient. Fats and ethanol have the greatest amount of food energy per mass, 9 and 7 kcal/g (38 and 30 kJ/g) respectively. Proteins and most carbohydrates have about 4 kcal/g (17 kJ/g). Carbohydrates that are not easily absorbed, such as fiber or lactose in lactose-intolerant individuals, contribute less food energy. Here, we will study the context above from nutritional information from products in Brumby’s bakery by using regression analysis. 
All regression statistics are provided by Excel’s regression functionality.
(1) http://en.wikipedia.org/wiki/Food_energy
Data
A Nutritional Information leaflet obtained from a Brumby's store in Bundaberg, Queensland, in November 2003
http://www.sci.usq.edu.au/staff/dunn/Datasets/applications/health/bakery.html
	Bakery Products
	Energy
	Protein
	Fat
	Total.Carbo
	Fibre
	Sodium
	Potassium

	Banana.Bread
	859
	3.8
	1.8
	44.2
	1.6
	0.306
	0.161

	Banana.Muffin
	1015
	4.5
	4
	47.9
	1.9
	0.331
	0.181

	Bavarian.Rye
	1029
	11
	1.3
	46.7
	6
	0.293
	0.234

	Bun.Dough
	883
	7.2
	4.5
	35.4
	2.2
	0.611
	0.126

	Carrot.Cake
	1423
	4.9
	17.4
	42.3
	2.8
	0.295
	0.296

	Carrot.Cake.Iced
	1490
	4.4
	18.4
	46.9
	2.2
	0.287
	0.24

	Champagne.Loaf
	1051
	9.2
	2.3
	47.6
	3.8
	0.485
	0.153

	Cheese.Loaf
	1060
	9.9
	3.8
	44
	2.6
	0.567
	0.126

	Choppa.Loaf.Australian
	1143
	12.2
	9
	35.2
	2.3
	0.701
	0.203

	Choppa.Loaf.Supreme
	1110
	10.5
	7.4
	38.2
	3
	0.702
	0.237

	Damper
	1126
	8.2
	6.6
	48.7
	2.5
	0.973
	0.225

	Fresh.Herb.Scotch.Loaf
	1026
	8.2
	2.2
	47.2
	2.6
	0.524
	0.136

	Fruit.and.Walnut.Rye
	1126
	8.1
	7.7
	41.1
	4.8
	0.297
	0.261

	Fruit.Loaf
	1097
	7.5
	4.4
	48.5
	3.3
	0.593
	0.302

	Gluten.Free
	941
	3.3
	1.6
	48.5
	1.3
	0.441
	0.122

	Linseed.Yoghurt.and.Soy.Grits
	1075
	12
	5.8
	38.8
	5.7
	0.495
	0.321

	Plain.Muffin
	1349
	5.7
	10.3
	52.7
	1.4
	0.513
	0.1

	Provencale.Loaf
	1010
	9.4
	2.1
	45.5
	3.5
	0.523
	0.153

	Red.Onion.Cobb
	983
	7.9
	2
	45.3
	4.6
	0.44
	0.188

	Rye
	1013
	9.9
	2
	45.3
	2.6
	0.501
	0.122

	Savoury.Scroll
	1173
	12.4
	8.3
	38.3
	2.2
	0.646
	0.15

	Stoneground.Wholemeal
	839
	9.5
	3.2
	33.1
	7.1
	0.493
	0.218

	Sunflower.and.Honey.Loaf
	1050
	10.5
	10.4
	29
	6.9
	0.343
	0.235

	White.Sandwich.Loaf
	1026
	8.2
	2.1
	47.4
	2.6
	0.525
	0.119

	12.Cereal.Sandwich.Loaf
	1119
	10.9
	2.6
	49.2
	4.8
	0.328
	0.182


Variables
The initial equation is of the following form:

Y = β1 + β 2 X1 + β 3 X2 + β 4 X3 + β 5 X4 + β 6X5  + β 7X6  
with,

Y = Energy (in kilojoules)
X1 = Protein (in grams)
X2 = Fat (in grams)
X3 = Total Carbohydrates (in grams)
X4 = Dietary Fiber (in grams)
X5 = Sodium (in grams)
X6 = Potassium (in grams)
The beta coefficients will be defined as least squares coefficients.

Hypothesis
The null hypothesis is that all beta coefficients are zero except β1
Six Variables Regression
The following statistics are for a model that considers all six explanatory variables.
[image: image1.emf]Regression Statistics

Multiple R 0.996576

R Square 0.993163

Adjusted R Square 0.990884

Standard Error 14.79591

Observations 25

CoefficientsStandard Error t Stat P-value

Intercept 89.07289 40.08734 2.22197 0.039345    

Protein 22.39828 1.714624 13.0631 0.000000    

Fat 34.52313 0.876607 39.3827 0.000000    

Total.Carbo 15.52079 0.657322 23.6122 0.000000    

Fibre -5.94539 3.432593 -1.732 0.100368    

Sodium -85.0998 24.7849 -3.4335 0.002963    

Potassium -21.7134 69.92636 -0.3105 0.759734    


According to the statistics above, the six variables model is:

Y = 89.07289 + 22.39828X1 + 34.52313X2 +15.52079X3 – 5.94539X4 – 85.0998X5 -21.7134X6
The R2 value of this model is about 99.3%. This implies that the volume of these nutrients could be good predictors of food energy in bakery products. The P-values for Potassium is 0.759734 which is highest when compared to other explanatory variables and suggest that it is not good explanatory variables for food energy.
Five Variables Regression
The following statistics are for a model that considers five explanatory variables (excluding the variable of Potassium).
[image: image2.emf]Regression Statistics

Multiple R 0.996557

R Square 0.993126

Adjusted R Square 0.991317

Standard Error 14.4398

Observations 25

CoefficientsStandard Error t Stat P-value

Intercept 89.20528 39.12031 2.28028 0.03431      

Protein 22.49314 1.646583 13.6605 0.00000      

Fat 34.36458 0.695383 49.4182 0.00000      

Total.Carbo 15.49305 0.635549 24.3774 0.00000      

Fibre -6.57923 2.693307 -2.4428 0.02452      

Sodium -86.8372 23.56396 -3.6852 0.00157      


According to the statistics above, the four variable model is:

Y = 89.20528 + 22.49314X1 + 34.36458X2 +15.49305X3 -6.57923X4 – 86.8372X5
The R2 value of this model is almost exactly the same as the value in the six variables model at about 62.6%; and the adjusted R2 value increased by 0.04 percentage point. This means that while eliminating one explanatory variable we were able to increase the efficiency of the model at the same time. In other words, this model is superior to the six variables model. The P value for Fibre is high (.02452), so this variable will be excluded to develop a four variables model.
Four Variables Regression 
The following statistics are for a model that considers four explanatory variables (excluding the variable of Potassium and the variable of Fiber).
[image: image3.emf]Regression Statistics

Multiple R 0.995473381

R Square 0.990967253

Adjusted R Square 0.989160704

Standard Error 16.13362478

Observations 25

Coefficients Standard Error t Stat P-value

Intercept 44.4228957 38.61283435 1.15047 0.26352               

Protein 20.25996959 1.530136785 13.24063 0.00000               

Fat 34.68235651 0.763236435 45.44117 0.00000               

Total.Carbo 16.02734724 0.666725344 24.03891 0.00000               

Sodium -53.53796887 21.47549683 -2.49298 0.02155               


According to the statistics above, the four variables model is:

Y = 44.4228957 + 20.25996959X1 + 34.68235651X2 + 16.02734724X3 -53.53796887 X5
The R2 value seems to be holding steady so far after eliminating two explanatory variables. By comparing the P-values, Sodium will be the next variable excluded as we try to find the optimal model. 
Three Variables Regression
The following statistics are for a model that considers three explanatory variables (excluding Potassium, Fiber and Sodium).
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Multiple R 0.994062549

R Square 0.988160352

Adjusted R Square 0.986468973

Standard Error 18.02589291

Observations 25

Coefficients Standard Error t Stat P-value

Intercept 34.97840093 42.93347867 0.814712 0.42438               

Protein 18.98472068 1.611238744 11.78269 0.00000               

Fat 34.71879049 0.852597974 40.72117 0.00000               

Total.Carbo 15.88384979 0.742142396 21.4027 0.00000               


According to the statistics above, the three variables model is:

Y = 34.97840093 + 18.98472068X1 + 34.71879049X2 + 15.88384979 X3
After eliminating another variable the R2 value is still closed to 99%, the adjusted R2 value is also nearly 99% and we can be confident that the explanatory variables that we have eliminated to this point have very little explanatory power when it comes to food energy. We see that the t stats for three explanatory variables are very high and P-values are closed to zero. The three remaining variables appear to have much predictive power which implies that it is the optimal model. It seems that we don’t need to select the next variable excluded anymore.   However, we will test by eliminating one more variable and compare to the three variables model to prove that the two variables model is not the optimal model. 

Two Variables Regression
The following statistics are for a model that considers two explanatory variables, Protein and Fat.

[image: image5.emf]Regression Statistics

Multiple R 0.854342257

R Square 0.729900693

Adjusted R Square 0.70534621

Standard Error 84.11770682

Observations 25

Coefficients Standard Error t Stat P-value

Intercept 905.6927118 64.02140331 14.14672 0.000000             

Protein 1.619216133 6.495934915 0.249266 0.805467             

Fat 28.57493108 3.746353746 7.627398 0.000000             


For the first time in this analysis, the R2 value decreases significantly. It is now about 52.4%. It is clear from this that the two variable regression model is the optimal model.
Conclusion
Given the six explanatory variables we started with, only variables of Protein, Fat and Total. Carbohydrates are a part of the optimal regression model. The optimal model is defined by:

Y = 34.97840093 + 18.98472068X1 + 34.71879049X2 + 15.88384979 X3                                                       

With, Y = Food Energy (in kilojoules)
         X1 = Protein (in grams)
         X2 = Fat (in grams)
         X3 = Total Carbohydrates (in grams)
The three variables are significant at the 95% confidence level and the R2 value is about 98.8%. 
The F statistic is given by: F0 = [(n-k-1)/k]*[R2/(1-R2)] = 584.23. (n= 25, k=3)
The P-values are very low ( closed to zero) and the F statistic is high so we can reject the null hypothesis that all coefficients are zero.
To analyze more in the three coefficients of explanatory variable, from the optimal regression model, we see that Fat gave the highest amount of food energy per mass, 34.72 kJ/g. Protein gave about 18.98 kJ/g. Total Carbohydrates gave about 15.88 kJ/g. These are corresponding to the nutritional information in the introduction part of this project. They differ a little in number. This project is one example for applying regression analysis in Nutritionary.
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