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THE EFFECTS OF HYDROCOLLOIDS AND SQUASH ON 

THE TEXTURE AND COLOR OF SCONES WITH 

REDUCED FAT 

 

Catherine M Fisher 

Dr. Andrew Clarke, Thesis Supervisor 

ABSTRACT 

Obesity has become a major issue in the United States due to poor food 

choices of individuals and limited low fat items on the market that consumers are 

willing to eat.  By making products that are lower in fat, consumers may be able to 

reduce their chances of obesity by making healthier choices.  In this study, a scone 

recipe was chosen and the fat content was lowered by removing ingredients that 

provide fat and replacing them with select hydrocolloids (Carrageenan, Locust Bean 

Gum, and Guar Gum) and squash.  These scones were then tested for texture and 

color difference against the original recipe.  All three hydrocolloids gave a variety of 

results for all tests.  Locust bean gum and guar gum gave a product that was similar 

to the original scone recipe in texture and color.  Overall, carrageenan gave a 

product that was most like the original scone recipe.  It was then taken and tested in 

three extreme amounts to see if there was a more desirable percent of carrageenan 

that should be used.  The manufacture’s suggestion of  0.5% tested the closest to the 

original recipe in texture and color.  This resulted in a reduced fat product that was 

comparable to the original scone recipe in texture and color.
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CHAPTER 1 

INTRODUCTION 

 

Obesity has become a term that many people are familiar with in our society.  It 

has become the norm for a large population in many cities to either be overweight or 

obese.  The World Health Organization (WHO) states that a person’s diet should only 

consist of between 15-30 % fat (Brennan and Tudorica 2008).  Much of the population 

takes in way more than that amount and that can lead to an increased number of obese 

consumers.  The Centers for Disease Control and Prevention (CDC) defines obesity as 

one having a body mass index (BMI), the height to weight proportion of an individual, of 

thirty or higher and overweight as having a BMI between 25 kg/m and 29.9 kg/m (CDC 

2012).   

Not only is obesity a problem in the United States, but it has increasingly become 

a problem worldwide.  Other countries suggest altering the BMI numbers to encourage 

more persons with a healthy weight.  They suggest having a normal BMI range between 

18.5 kg/m to 22.9 kg/m to help reduce the prevalence of diseases associated with obesity 

(James and others 2001).  In Asia, one is characterized as being overweight if their BMI 

is over 23 kg/m and obese if their BMI is above 25 kg/m (Ahima 2011).  However, the 

World Health Organization (WHO) has reached different standards in the US with the 

normal BMI being between 18.5 kg/m to 24.9 kg/m because in the United States, higher 

BMI’s are accepted as normal (James and others 2001).    Another country facing an 
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obesity epidemic is Canada.  It is suggested that 37% of Canada’s adult population is 

overweight and 24% are obese (Eisenberg and others 2011).  It is suspected that obesity 

will soon be the number one cause of preventable mortality in the country, surpassing the 

numbers of death associated with smoking (Eisenberg and others 2011).   

Throughout the years the numbers of obese persons has significantly increased in 

most states.  In 2000, all states had at least 10% of the population that was obese and by 

the year 2010, all states had at least 20% of the population that was obese and twelve of 

those states had 30% of the population that was obese, including Missouri (CDC 2012).  

Figure 1.1 shows an illustration of obesity trends among US adults. 

 

Source: Behavioral Risk Factor Surveillance System, CDC.

2000

Obesity Trends* Among U.S. Adults
BRFSS, 1990, 2000, 2010

(*BMI 30, or about 30 lbs. overweight for 5’4” person)

2010

1990

No Data          <10%           10%–14% 15%–19%           20%–24%          25%–29%           ≥30%

 

Figure 1.1 Obesity Trends of US Adults 
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There are many factors that can contribute to an individual being obese.  One of 

the main factors results from energy imbalance (CDC 2012).  This is when an individual 

is taking in more calories than they expend in one day.  This will cause weight gain and 

over an extended period of time can cause significant weight gain. Many consumers’ 

choice in foods and diet has lead to this unhealthy standard of living.  Oversized portions 

and foods high in fat and calories fill grocery stores and restaurants.  To combat this, a 

person must expend more calories than they consume, either by diet or physical activity.  

Another factor that can contribute to obesity is genetics and a slowed metabolism (CDC 

2012).  Genes can increase the susceptibility for obesity in an individual.  Lastly, it has 

been shown that environment and behavior can lead to obesity and weight gain problems 

(CDC 2012).  In our society, it is uncommon for a person to walk to a store or restaurant 

to get food and instead we rely on the convenience of cars to get us where we need to go.  

Also, it is socially acceptable to have a meeting or gathering where the main focus is 

food.  Eliminating certain behavioral factors in our lives could potentially lead us to live 

healthier lifestyles.    

Obesity has become a larger issue because of the health concerns that come along 

with the excess weight.  Perhaps one of the more pressing concerns with a person being 

obese is the risk of developing certain life threatening diseases.  Some diseases that have 

been associated with overweight and obesity include, coronary heart disease, type 2 

diabetes, certain cancers, hypertension, dyslipidemia, stroke, liver and gallbladder 

diseases, sleep apnea and respiratory problems, osteoarthritis, and gynecological 

problems (CDC 2012).  It is estimated that between $87 million and $7.7 billion are spent 
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yearly per state for obesity related illnesses (Pomeranz 2011).   By simply maintaining a 

normal, healthy weight, consumers can avoid some of these diseases that arise from being 

overweight or obese.  

 Providing the public with healthier options can help to reduce the number of 

obese persons in the United States.  The problem with some “diet” food is that it does not 

have the same characteristics as a full fat product would.  Often times when a food 

company makes low fat or fat free products, the fat is removed thus altering the texture of 

the product.  This can lead to an undesirable product in the eyes of the consumers.  

Consumers want a product that is going to look, feel and taste the same as their favorite 

full fat products.  The problem is making such a product that could do well on the market. 

The objective of this research is to take a high fat, high calorie food (a scone) and 

manipulate the ingredients to make the item have less fat and calories, therefore making 

the item a more healthful choice.  This will be achieved by removing some of the 

ingredients that have higher caloric values and replacing them with lower caloric items 

and enhancing the product with certain food additives to ensure that the new, lower 

calorie product is as close to the original as possible.  A recipe for scones will be used as 

a test recipe because scones are high in fat and are calorie dense.  The butter and heavy 

cream (fat) will be removed from the scone recipe and will be replaced with a gum and 

pureed winter squash.  The squash is chosen as a fat replacer and the gums are shown in 

making the texture as similar to the original product as possible.  Fat (in this recipe the 

butter and heavy cream) plays an important role in the texture of a product and often 

times gives bakery products its flakey, soft texture.  It can be an important quality to 
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consumers when it comes to mouth feel and overall satisfaction of a product.  With the 

fat being removed, squash, with the addition of hydrocolloids, will be used to help obtain 

a texture that would be similar to a full fat product.  Three different gums will be used to 

see if there is a more desirable gum; carrageenan, locust bean gum, and guar gum.  Each 

ingredient will be assessed to determine if the product can still be made without the 

ingredient or with a manipulation of that ingredient.  

The project consisted of several main focal points. First, the ingredients were 

changed or removed to make a lower calorie product.  Secondly, different food 

hydrocolloids were used to manipulate the texture of this product to try to achieve the 

texture of a full fat product.  Lastly, the product was tested against the original recipe to 

assess which hydrocolloid achieved a similar texture to the original product.  The 

hydrocolloid that provided a texture closest to the original product was then optimized to 

find the most desirable amount that could be used in the product.  
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Scones 

2.1.1 Introduction 

There are many different kinds of breads and dough out in the market today.  

Different types of breads, muffins, biscuits, and scones litter the stores and bakeries and 

consumers can become confused on what the difference is between them.  Quick breads, 

muffins, biscuits, and scones are commonly grouped together because of their 

similarities.  The all contain baking powder and/or soda and they all rise when baked 

(Chattman 2009).  There are also many differences between them.  Quick breads and 

muffins form a batter when all ingredients are mixed together, while biscuits and scones 

form more of a dough (Chattman 2009).  The difference between a batter and a dough is 

the semi-liquid nature of the batter (Chattman 2009).  Also, a batter will have a flour to 

liquid ratio of three to two and a dough will have a three to one ratio (Chattman 2009).  

Lastly, batters can not be shaped before they are baked and doughs generally are 

(Chattman 2009).  Many people also confuse biscuits with scones.  This is easy to do 

since they are very similar, but key ingredients allow for the difference when making 

these products.  Biscuits do not usually have eggs in them and scones do (Chattman 

2009).  Also, when making sweet scones, sugar is often a main ingredient and biscuits 

have very little, if any at all (Chattman 2009).  Biscuits can be consumed for dinner or 

breakfast and scones are almost entirely seen only during breakfast time and often times 
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they are served with tea (Chattman 2009).  Scones can be either made sweet or savory 

and biscuits are mainly seen as a savory product.  Scones are characteristically shaped in 

a triangle, but can be shaped into any way the baker prefers.   

When breads and other baked goods are baked in the oven, they often rise.  This is 

due from the steam that is released from the temperature in the oven.  Scones are often 

times baked at a higher temperature then other types of breads and biscuits.  Commonly, 

they are baked at a temperature of at least 425º F (Chattman 2009).  This allows the 

butter to melt and produce the steam that allows the scones to rise to a tall height 

(Chattman 2009).  Scones can be baked at a lower temperature; however, this would not 

allow the scones to reach their maximum height potential (Chattman 2009).  Also, the 

higher temperatures to which scones are baked at allow them to retain more of their 

moisture and not become dried out because of the shorter baking time (Chattman 2009).  

Scones are meant to be flaky and tender so when making scones the use of cold butter 

will help achieve this effect and an appropriate amount of mixing will allow them to stay 

tender and not become tough (Chattman 2009).  While baking scones at a higher 

temperature can save time during baking, it can also cause problems.  Since they are 

baked at these high temperatures it is easy to over bake them and cause them to be dry 

and tough.  Scones are ready to be taken out of the oven when they just start to turn 

golden brown on the outside (Chattman 2009).  It is easy to over bake them, even a few 

minutes can cause a problem, so it is important to keep a close eye on them as they bake.   

Many people enjoy making scones in their own home; however, scones are often 

times seen out in many types of places.  It is not uncommon to see scones for sale at a 
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grocery store or a bakery.  Also, many different types of coffee and tea shops, such as 

Starbucks, sell scones because they seem to compliment tea and coffee very well.  Some 

food establishments also sell scones along with other bakery items.  Places, such as 

Panera Bread, sell different types of scones and often times offer a wide range of flavors 

of the course of a few weeks.  While it is easy to make this baked good in your own 

home, it is not uncommon to see scones for sale in many different types of 

establishments.    

 2.1.3 History 

The exact origin of the scone is not exactly known.  It is thought that the scone 

could have originated from several different places, including Scotland, Ireland, or 

England.  Scones are prevalent in all three of these countries but the country that 

developed them first is unknown.  Speculation points to Scotland, however, because in 

1513, a Scottish poet mentioned scones in one of his pieces (Hochman and others 2009).  

It is also thought that scones get their name from a famous stone in Scotland called the 

Stone, or Scone, of Destiny (Hochman and others 2009).  This stone was used to crown 

kings in Scotland (Hochman and others 2009).  Since this was the first mention of scones, 

they date back to at least this time period, if not before.  It is hard to pin point the exact 

time in which scones were first made because back then there was not much 

advertisement for items like these.  Mostly, researchers used old recipe books and other 

publications, such as the poems, to date scones (Hochman and others 2009).  The first 

scones were baked according to an old Welsh tradition of using bakestones to bake 

different types of breads (Hochman and others 2009).     
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The first scones recipes were made up of very simple ingredients.  Oats were the 

main ingredient. Bakers would shape them into triangles before baking them on a 

bakestone (Hochman and others 2009).  As scones evolved, other ingredients began to be 

added.  It wasn’t uncommon to see raisins or other dried fruits in scones that were made 

in England (Hochman and others 2009).  They would often times add some sort of jelly 

or honey to enhance the flavor of these baked goods (Hochman and others 2009).  Scones 

made in the United States in the present are made with a wide variety of ingredients.  

Almost any type of fruit has been seen in different recipes for scones and many recipes 

call for more savory ingredients, such as cheese or bacon.  While the English typically 

have scones with their morning or afternoon tea, Americans eat scones at any time of the 

day for a tasty treat. 

2.1.3 Nutritional Information  

Scones are not known for being low in calories and fat.  Some scone recipes have 

several hundred calories and are high in fat.  It is hard to imagine that something that 

contains fruit could be so bad for your health.  Many manufacturers are not concerned 

about keeping the calorie content low in their products and instead focus on providing a 

better flavor so consumers will continue to buy their products.  Most companies provide 

the nutritional information for their items but often times it can only be found online and 

not in the store itself.  Many consumers do not know what they are consuming and are 

not aware of the amount of calories and fat that can be in some of these products. 
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One company that displays their nutrition information online is Starbucks.  

Depending on the season and the location of the store, several different types of scones 

are available at Starbucks (serving sizes for all scones is one at 120 g with the exception 

of the Petite Vanilla Bean Scone).  One of their more popular scone flavors is the 

Blueberry Scone.  This scone contains over 450 calories and 22 g of fat (Starbucks 2011).  

While it does provide a small amount of fiber and protein, 2g and 7g, respectively, it also 

contains 61 g of carbohydrates (Starbucks 2011).  The general rule of thumb is that a diet 

should contain around 2000 calories per day (Whitney and others 2005).  Based on a 

2000 calorie diet, this scone would provide almost a fourth of the amount of calories a 

person should consume in a day.  The recommended amount of fat for a diet is between 

20-35% (Whitney and others 2005).  Based on a 2000 calorie diet, this scone would 

contribute to about half of the amount of fat a person should consume in a day (based on 

20% fat, 45 g of fat suggested).  While fat is essential to a diet, the type of fat is 

important and the amount taken in should be monitored.  The recommended amount of 

carbohydrates for a diet is between 45-65% of calories (Whitney and others 2005).  This 

is between 900-1300 calories (Whitney and others 2005).  In contrast to these numbers, 

the amount of carbohydrates in the blueberry scone from Starbucks does not look like it 

provides a significant amount of carbohydrates to the diet; however, the consumer must 

factor in what else they have eaten that day and what else they will be eating.             

Another type of scone served at Starbucks is their Cinnamon Chip Scone.  This 

scone has almost 500 calories and 18 g of fat (Starbucks 2011).  It contains 70 g of 

carbohydrates and 3 g of fiber and 7g of protein (Starbucks 2011).  Again, this scone 



11 
 

provides almost half of the amount of fat a diet should contain and 25% of the calories 

that should be consumed in a day (based on a 2000 calories diet).  It is also high in 

carbohydrates.  The Cranberry Orange Scone from Starbucks has almost the same 

amount of calories and the same amount of fat (Starbucks 2011).  It has 3g more of 

carbohydrates and one gram more of protein (Starbucks 2011). 

The Maple Oat Pecan Scone from Starbucks is similar to the Blueberry Scone.  It 

provides 440 calories, 18 g of fat, 59 g of carbohydrates, 3g of fiber, and 8g of protein 

(Starbucks 2011).  Based on the 2000 calorie diet, this provides almost 25% of the 

recommended amount of calories, a little under half of the amount of fat recommended 

for a day (at 20% fat), and a large amount of carbohydrates. 

The Pumpkin Scones is another option at Starbucks.  It has 480 calories, 17g of 

fat, 78g of carbohydrate, 2g of fiber and 8g of protein (Starbucks 2011).  This provides a 

large amount of carbohydrates in the diet, almost 25% of calories, and close to half the 

amount of fat that should be consumed in a day (based on a 2000 calorie diet and 20% 

fat).  This scone does provide the most amount of protein when compared to the other 

scones at Starbucks.  

Lastly, Starbucks has a Petite Vanilla Bean Scone.  This scone is much smaller 

than the other scones and is equivalent to about two bites (Starbucks 2011).  Since it is 

smaller, only about 33 g total, it only provides 140 calories, 5 g of fat, 21 g of 

carbohydrates, and no fiber and protein (Starbucks 2011).  While this scone seems to be 

better for consumers, it is very small in size and could leave the consumer wanting more. 



12 
 

Scones are made from ingredients that do not promote low calorie and low fat 

eating.  Most recipes call for large amounts of butter and heavy cream or buttermilk.  

Also, the flavoring agents that are mixed in with the dough can provide a significant 

amount of calories depending on what is being added.   

2.1.4 Types of Scones 

There are mainly only two types of scones, savory and sweet.  When most 

consumers think of scones their mind tends to automatically turn to the sweet version.  

Sweet scones tend to have sugar added to the dough and often times they are topped with 

sugar or a sweet glaze.  Most of the time they also have some type of dried or fresh fruit 

added to the dough.  Also, different types of candies or chocolate can be added to them.  

Sometimes they are served with some type of jelly or preserves or even honey.  They are 

more typically seen as a dessert type product but can also be eaten as a sweet treat at any 

time of the day.  They pair well with coffee or tea and can be refrigerated to keep them 

fresh.  The savory scones are a little different.  They don’t have any sugar added to the 

dough and are never topped with sugar.  They can have a wide range of things added to 

them.  Many different types of cheese can be added along with several different types of 

meats, including bacon and ham.  Different herbs and spices can be added to enhance the 

flavor, such as dill.  The flavor pairings are endless with savory scones.  Savory scones 

are more typically eaten during the day and can also serve as a meal.  They can be eaten 

at breakfast (example bacon and egg scone) and can be served with dinner.  They are 

eaten at any time of the day, but are not typically served as dessert.  With so many 
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different ingredients that can be added, scones are a versatile food and can be enjoyed in 

a wide range of situations. 

2.2 Hydrocolloids 

2.2.1 Introduction 

A food colloid has been defined as an arrangement of specific particles that can 

range anywhere from one nanometer to one micrometer (Dickinson and Stainsby 1982).  

They were first discovered when scientists were trying to find a distinction between 

different types of molecules, those that maintain membranes (gelatin) and those that do 

not (sucrose) (Dickinson and Stainsby 1982).  A colloid has a molecule size that is larger 

than that in which it is being dissolved in but is also small enough that its Brownian 

motion is not disturbed by the effects of gravity (Dickinson and Stainsby 1982).   

Hydrocolloids are not only characterized by their structure.  They are also 

characterized by their mass and anisometry and by their density (Dickinson and Stainsby 

1982).  Food colloids are considered to be thermodynamically unstable and are 

comprised of a two phase system with the colloid being the first and the liquid being the 

other (Dickinson and Stainsby 1982).         

2.2.2 Industry Use 

More recently, the exploration of hydrocolloids in baking applications has been 

investigated.  They have been studied at different points in processing and their effects 

have been studied.  Some hydrocolloids, such as xanthan gum, alginate, and locust bean 



14 
 

gum, have been studied for their effects on moisture content while being used in bread 

making (Barcenas and others 2009).  Other hydrocolloids, carboxymethyl cellulose and 

hydroxypropylmethylcellulose (HPMC), are used to improve the quality of certain types 

of baked goods (Barcenas and others 2009).  Lastly, some have been used to evaluate 

bread volume and hardness (k-carrageenan, xanthan gum, sodium alginate, and HPMC) 

(Barcenas and others 2009).  In all, hydrocolloids have been seen to provide 

improvement to the volume and texture of bread and have also been seen to improve the 

quality of breads that have been frozen (Barcenas and others 2009).   

 Other applications of hydrocolloids have been seen in the production of 

microgels.  Microgels have a wide range of uses including delivery systems and textural 

enhancements (fat replacers) of certain foods (Ellis and Jacquier 2008).  There are several 

different methods that can be used to produce these hydrocolloid microgels. Some 

methods include stirring, static mixing, extrusion, and dripping (Ellis and Jacquier 2008).  

It might be hard for companies to produce these microgels if they do not have the proper 

equipment to do so; therefore, production of microgels for use in the food industry has 

been somewhat limited.    

2.2.3 Carrageenan 

Carrageenan is a hydrocolloid that has many uses across the food industry, as well 

as in the non-food industry.  They are classified as polysaccharides that are derived from 

a class of red seaweed known as Rhodophyceae (Hilliou and Goncalves 2007), genera 

Giartinales (Thommes and others 2009).  Carrageenan is made up from many compounds 
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including potassium, calcium, sodium, magnesium, and ammonium sulfate (Thommes 

and others 2009).  It is mostly farmed from the countries of the Philippines, Indonesia, 

and east Africa (Emerton and Choi 2008).  Since Carrageenan is made from seaweed, it is 

classified as vegetarian and vegan safe.  In the food industry, carrageenan has been used 

as stabilizers, gelling agents, as well as viscosity enhancers (Hilliou and Goncalves 

2007).  Figure 2.1 is the structure of kappa carrageenan (Cargill 2012).      

 

 

There are three major types of carrageenan that are available for use in the food 

industry.  These types include kappa carrageenan, lambda carrageenan, and iota 

carrageenan.  Kappa carrageenan has been found to make the strongest, but most brittle 

type of gel, iota makes a softer, more stable type of gel, and lambda does not make a gel 

(Emerton and Choi 2008).  They differ in structure, which in turn, causes them to have a 

different density in solutions (Kogej 2008).  Additionally, all three carrageenans have 

different amounts of sulfates (Thommes and others 2009).  Degradation to its structure is 

caused by high temperatures and low pH’s, so while using carrageenan in a food system, 

these two factors should be avoided (Emerton and Choi 2008).  A recent study has shown 

Figure 2.1 Kappa Carrageenan Molecule 
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that when carrageenan is paired with acid and higher temperatures, it can cause some 

intestinal issues and can even lead to cancer (Minich 2009).  Figure 2.2 is an iota 

carrageenan molecule (Cargill 2012).  Figure 2.3 is a lambda carrageenan molecule 

(Cargill 2012).      

 

     

 

 

Carrageenan does not provide a significant amount of calories and should not be 

supplemented in the diet as a calorie replacer.  It does not contribute to cholesterol or fat 

in the diet and does provide some fiber and carbohydrates (Ticgums 2012).  Processed 

carrageenan contains small amounts of potassium, calcium, and sodium (Ticgums 2012).  

Different amounts are suggested depending on the type of product it is being used in.  

Figure 2.2 Lambda Carrageenan Molecule 

Figure 2.3 Iota Carrageenan Molecule 
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Generally, anywhere from 0.2%-0.5% is suggested to be used but with a starch, the 

suggested level of usage is between 0.1%-0.15% (Ticgums 2012).  Lastly, if being used 

in a pudding type product, using 0.2%-0.5% can help prevent against weeping (Ticgums 

2012). Carrageenan should be stored in a dry, cool place to help protect its shelf life and 

it is soluble at 180ºF (Ticgums 2012).     

In the food industry, carrageenan holds a wide range of possibilities.  They are 

commonly used as thickeners, binders, and stabilizers (Thommes and others 2009).  They 

are most frequently seen used in milk products and more recently have been seen 

advancing into the pharmaceutical world (Thommes and others 2009).  The gels that are 

formed from carrageenan are used to make different textures in some milk products and 

can also help with the balance of the milk’s pH (Emerton and Choi 2008).  Carrageenan 

also has a role in the meat industry.  Due to its gelling properties, carrageenan is used to 

bind free water in some meat products (Emerton and Choi 2008).  More often than not, 

the food industry uses a combination of the different types of carrageenans to achieve the 

most desired result.  What is most interesting about carrageenan is their ability to form 

gels and how they work with specific food systems.  Along with forming gels, 

carrageenan has drawn attention in other potential areas including film, capsule, and 

pellet forming (Thommes and others 2009).  The reason carrageenan has such a wide 

range of uses is contributed to its unique water binding capacity (Thommes and others 

2009).  Most typically, carrageenan can be found in dairy desserts, powder mixes, milk 

drinks, creams and toppings, ice cream, ham, poultry products, glazes, and bakery 
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products (Emerton and Choi 2008).  It has also been used in oil-water systems and to 

stabilize the foam in many beers (Hillman and others 1989).     

2.2.4 Locust Bean Gum 

Locust bean gum, also known as Carob bean gum, is classified as a 

polysaccharide and is used in the food industry, as well as the pharmaceutical and 

cosmetic industries.  It is made from a tree called Ceratonia siliqua (Carob tree), from the 

Fabaceae (Dey and others 2011).  It is mainly harvested in the Mediterranean but also has 

been known to be harvested in California (Dey and others 2011).  The main distributing 

countries of locust bean gum are Spain, Morocco, and Greece (Emerton and Choi 2008).  

Beans grow on the tree and that is what is gathered to make locust bean gum.  The 

endosperms of the pods are milled, forming the gum (Dey and others 2011).  It is popular 

because it can be used in very small doses to provide a desired gel for whatever product it 

is being used in.  Locust bean gum is mostly tolerant to what it is being used in; however, 

just like carrageenan, high temperatures paired with extreme pH’s can cause it to degrade 

(Choi and others 2010).  It can also be used in combination with other gums (e.g. 

carrageenan and xanthan gum) to form durable gels (Choi and others 2010).  See Figure 

2.4 for structure of locust bean gum (NCSU 2012). 
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Locust bean gum is most commonly used as a thickening agent.  It also has strong 

gelling properties.  It is possible to dissolve the gum in colder liquids, however, it reaches 

complete viscosity in temperatures of at least 85º C (Emerton and Choi 2008).  It is most 

commonly used in combination with k-carrageenan to form a stronger gel and is often 

used with xanthan gum to form a more elastic gel (Emerton and Choi 2008).  It has been 

known to be used in ice cream, hot sauces, soups, ketchup, and mayonnaise and when 

combined with xanthan gum, is found in dressings, desserts, and mousses (Emerton and 

Choi 2008).  In the non-food industry, locust bean gum has been used to reduce 

cholesterol levels and has a positive effect on the intestinal tract (Emerton and Choi 

2008).  Because of its ability to absorb water, locust bean gum is not allowed to be used 

in dehydrated foods that require rehydration before consumption and should not be 

consumed as a straight powder (Emerton and Choi 2008).     

Figure 2.4 Locust Bean Gum Molecule 
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Locust bean gum does not contribute to a large source of calories in the diet.  It 

contains small amounts of fat, sodium, potassium, and calcium (Ticgums 2012).  It does 

contain larger amounts of fiber and carbohydrates (Ticgums 2012).  Locust bean gum is 

mainly used in dairy products, but can be used in other parts of the industry and it is 

soluble at 165º F (Ticgums 2012).  Typically, it is suggested that locust bean gum be used 

in amounts ranging from 0.15%-0.75% (Ticgums 2012).  This product should be stored in 

a cool, dry place to best preserve it and extend its shelf life (Ticgums 2012).  

2.2.5 Guar Gum 

Guar gum comes from the plant Cyamopsis tetragonolobus, and similar to that of 

the locust bean gum, the endosperm of the bean of this plant is milled to form the 

powdered gum (Shaikh and Kumar 2011).  It comes from the family of Leguminosae 

(Hashem and others 2011).  It is used in the food industry as well as the pharmaceutical 

and industrial industries.  The plant grows freely in arid regions, such as India and 

Pakistan (Emerton and Choi 2008).  Often times, before the bean of the plant is milled, it 

is “steam cleaned” to remove the flavor that is associated with it (Emerton and Choi 

2008).  Guar gum can also be used in place of locust bean gum, since they have similar 

gelling and thickening qualities (Shaikh and Kumar 2011).  It can be used in either cold 

or hot liquids, so its application is wide.  Mostly, in the food industry, guar gum is used 

as a thickener, emulsifier, stabilizer, bonding agent, and gelling agent (Shaikh and Kumar 

2011). In the pharmaceutical industry, it can be used as a binder, disintegrant, suspension 

agent, thickener, and stabilizer (Hashem and others 2011).  Figure 2.5 is a molecule of 

guar gum (M.J. Associates 2008). 
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Guar gum has a high tolerance to shear forces and like locust bean gum, has been 

known to decrease cholesterol levels and improve intestinal mobility (Emerton and Choi 

2008).  Also, just like locust bean gum, it should not be consumed as a straight powder 

because of its ability to absorb and thicken liquids and is also not allowed to be used in 

products that have be dehydrated with the purpose of being rehydrated before 

consumption (Emerton and Choi 2008).  There have been reports of guar gum being an 

allergy due to its protein that is in the original seed (Emerton and Choi 2008).  Mainly, 

guar gum is used as a thickener in many products, such as drinks, sauces, soups, ketchup, 

and mayonnaise and more recently has been seen in bakery products (Emerton and Choi 

2008).         

Guar gum is not a significant source of calories for a diet.  It contains small 

amounts of fat, sodium, potassium, and calcium and provides no cholesterol (Ticgums 

2012).  It contains a larger amount of fiber and carbohydrates (Ticgums 2012).  It is 

suggested for use in instant beverages, instant soup mixes, instant cocoa, sauces, 

marinades, gravies, and bakery mixes and is cold water soluble (Ticgums 2012).  It’s 

Figure 2.5 Guar Gum Molecule 



22 
 

typical usage level is between 0.1%-1% and is popular for products because it provides 

little clumping when being mixed (Ticgums 2012).  Guar gum should be stored in a dark, 

cool place to help extend its shelf life (Ticgums 2012). 

2.3 Squash 

2.3.1 Introduction 

Squash is considered one of the oldest crops in the world and has been seen back 

as far as 8,000 B.C. in places such as Mexico (Zanteson 2011).  It was once a staple in 

the diets of Native Americans, maize and corn being the other two, and the seeds of the 

squash was often times buried with their dead because they believed the seeds would 

provide nourishment to the undead as they journeyed to the afterlife (Zanteson 2011).  

They also believed that squash seeds could help with fertility in women (Zanteson 2011).      

There are many different types of squash, but all are considered a type of gourde.  

A gourde is characterized as a vegetable with a protective rind and has seeds inside 

(Olney 1979).  There are two different varieties of squash: summer and winter.  The 

summer and winter squashes get their name from the season that they grow most 

prevalent in.  The summer squashes include zucchini, yellow crooknecks, and pattypan.  

Unlike the winter squash, the summer squashes are harvested while they are still 

immature, which makes the inside tender (Olney 1979).  It has been suggested that with 

cross-breeding, different qualities in squash can be achieved and more desirable traits can 

arise that would not originally be a characteristic of the squash (Corrigan and others 

2006).  See Table 2.1 for a growth chart of squash. 
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According to the 2007 census, the state of Missouri had 108 acres of winter 

squash on 55 different farms that were harvested to be sold for the fresh market (USDA 

2012).  This is compared to only 60 acres of summer squash on 121 farms that were 

harvested for the fresh market (USDA 2012).   
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2.3.2 Winter Squash 

Winter squash, or Cucurbita moschata Duchense, has been a popular crop grown 

worldwide (Jacobo-Valenzuela and others 2011).  It is classified as a vegetable and all 

parts of it, including the rind and seeds, can be eaten.  As the name suggests, winter 

squashes are harvested in the winter time and are much different than the summer 

squashes.  The winter squashes include butternut, acorn, buttercup, Hubbard, spaghetti, 

and pumpkin (Olney 1979).  They are harvested when they are matured, which gives 

them a different taste and texture then those harvested in the summer.  The availability of 

winter squash is between August to March, however, they reach their peak during 

October and November (Zanteson 2011).  A common rule for harvesting winter squash is 

that the plants should be harvested before temperatures drop below 40ºF, but some 

farmers suggest that they should be harvested after the first frost (Bradley 2007).   When 

Table 2.1 Monthly Growth Chart of Squash 
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picking winter squash, they should have a hard texture and the color will tell if it is 

ripened or not.  Acorn squash will have a green color, buttercup will be dark green, 

butternut will be a tan/deep yellow, and pumpkins should be orange (Olney 1979).  

Winter squash can be stored up to three months if properly stored in a cool, dark area 

(Olney 1979).  Winter squashes are popular in many different culinary dishes and have 

been used for thousands of years in the kitchen.    

Winter squash is relatively easy to grow and maintain.  Seeds should be planted in 

direct sunlight and should maintain full sunlight throughout the whole growing process 

(Schrock 2004).  Winter squash requires a lot of moisture so the ground should be kept 

moist (Schrock 2004).  If there is a pest problem, the squash should be kept covered until 

the problem is resolved (Schrock 2004).  The best way to avoid a pest problem is to 

transplant the squash plants more than once (Bradley 2007).  The key is to find a time 

when the pests are less active and often times initial pest problems can be avoided if the 

seeds are grown indoors for a few weeks before being moved outdoors (Bradley 2007).  

If the plant is having problems with pollination, it is possible to hand pollinate the plants 

using a cotton swab or something similar (Schrock 2004).  It is important to give the 

plant plenty of space while it is growing.  Winter squash seeds should be planted at least 

six feet apart and rows should also be a least six feet apart (Bradley 2007).  When the 

squash is ready to be harvested, it should be cut from the vine and wiped clean before 

being stored in a cool, dry place (Schrock 2004).       

Squash plants are increasingly becoming victims of pest problems.  Cucurbit 

yellow vine disease has been the most recent problem for farmers (Bradley 2007).  Since 
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the 1980’s, the disease has started to spread from the southern United States upward to 

the Midwest (Bradley 2007).  This disease is spread by the bacteria carried by squash 

bugs (Anasa tristis) and will cause the plant to wilt and the leaves to turn yellow and dry 

up and die (Bradley 2007).  Once the plant has developed yellow vine disease, it will not 

flower and will not produce squash (Bradley 2007).  Squash bugs also feed on immature 

plants, which will cause them to die before they even flower (Bradley 2007).  Squash 

bugs will also feed on the squash once it has already formed.   This will show up as little 

scars on the fruit, thus the crop can not be sold (Bradley 2007).  The best defense against 

yellow vine disease it to prevent the infection of squash bugs.  Also, squash bugs like to 

live in mulch, so by not planting squash around mulch can help prevent the bug from 

eating the crop (Bradley 2007).  Waiting until later in the season to plant the squash seeds 

can help protect the crop against the bugs, but they should still be planted in enough time 

to allow the crop to still mature (Bradley 2007).  The bugs will hatch and not have 

anything to feed on, causing them to die or move on to an area that has the crop planted 

already (Bradley 2007).  Some types of squash are more resistant to squash bugs.  Squash 

bugs can also be picked off the plants by hand.  Acorn and butternut squash are very 

tolerant to squash bugs and seem to get less damage from them then the other winter 

squash do (Bradley 2007).  If there is no other option, insecticidal soap can be sprayed to 

kill the bugs, but this should be used as a last option (Bradley 2007).  Spider mites have 

also been known to cause problems for squash plants.  They can invest a crop and cause 

pale or yellow spots on the leaves on the plants (Bradley 2007).  Insecticidal soap can be 

sprayed on the crop to get rid of spider mites (Bradley 2007).  
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2.3.3 Nutritional Information 

Winter squash provides an important source of many nutrients.  They are low in 

natural sugars and are a source of soluble and insoluble fibers (Holland and others 1991).  

It is also considered to be a functional food because it is filled with bioactive compounds 

including phenolics, flavonoids, vitamins A, B12, C and E, amino acids, and minerals 

(Jacobo-Valenzuela and others 2011).  It is low in calories and is especially high in 

potassium (Jacobo-Valenzuela 2011).  They are also rich in carotenoids and one cup of 

squash can give the consumer over twice the recommended amount of vitamin A 

(Zanteson 2011).  For a list of nutrients and their amounts refer to Table 2.2 

.      

Nutrient Amount (In 1 cup) 

Calories 76 

Dietary Fiber 5.7 g 

Vitamin A 10,708 IU 

Vitamin B6 .3 mg 

Vitamin C 19.7 mg 

Potassium  494 mg 

Manganese .4 mg 

Beta Carotene 5,725 mcg 

*g=grams, mg=milligrams, IU=international units, mcg=micrograms 

 

2.3.4 Health Benefits 

As previously mentioned, squash is high in carotenoids, which can provide health 

benefits.  Carotenoids are thought to help prevent the onset of certain cancers (Zanteson 

2011).  In a published article, the authors found that beta carotene can help prevent the 

Table 2.2 Squash Nutrient Values 
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growth of leukemia cells and can also help prevent it from spreading into different parts 

of the body (Zanteson 2011).  Squash’s beta carotene can also contribute to lowering the 

chance of a heart attack and can slow down the onset of atherosclerosis (Zevnik 2009).  It 

can assist in the lowering of blood sugars and has shown significant progress in 

protecting against colon disease (Zevnik 2009).  Also, a squash’s high levels of alpha 

carotene have been linked to a decrease in the chances of developing cardiovascular 

disease and some types of cancers (Zanteson 2011).  The vitamin C found in squash has 

been found to provide significant health benefits as well.  Vitamin C can provide strong 

anti-inflammatory properties, along with helping to calm arthritis and asthma (Zevnik 

2009).  The potassium is good for helping to lower blood pressure and the fiber can help 

fight against colon cancer (Zevnik 2009).  Along with being beneficial to the heart and 

helping lower the risk of cancers, squash is thought to help in relation to anti-diabetic, 

anti-hypertension, anti-tumor, immunomodulation, anti-bacterial, anti-

hypercholesterolemia, and anti-inflammatory responses (Jacobo-Valenzuela 2011).     

2.4 Testing  

2.4.1 Introduction 

Two of the most important things to consider when creating a new product are 

texture and appearance.  Consumers can become biased towards these two factors and 

will only buy products that appear to look good and have a pleasurable texture.  If a 

consumer has a negative reaction to either of these, then the product will not sell and will 

fail in the market.  It is important for a company to do research in these areas before 

sending a product out to stores or restaurants.  In certain products, such as breads and 
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other bakery products, texture can be a determining factor as to if the product will do well 

on the market.  A lot of companies do product testing on the finished product, as well as 

the dough before it is baked.  The dough can give the companies an idea of what the 

product’s texture might be after it has been baked, therefore, it is important to do these 

baseline tests on the dough.  A lot of money and time can be saved by doing these 

preliminary tests on the dough to ensure a quality product.      

2.4.2 Texture Tests 

Many companies do texture tests before they release a product onto the market.  

These tests can indicate how well a product will do and if it will be accepted by 

consumers.  Textural tests using instruments can provide much needed information to a 

company about the texture of their product.  The can often times be more reliable than a 

human or sensory test because they are not biased and will not let other factors, such as 

appearance, get in the way.  Also, depending on the stage that the company is in with 

their testing, instrumental testing may be a better choice until the product gets further 

along in production and is close to being released to the public.  Instrumental tests can be 

broken up into three different categories: fundamental tests, empirical tests, and imitative 

tests.  The fundamental tests are tests that include strength testing, shear modules, and 

bulk modules (Bourne 1978).  These types of tests do not work well with sensory tests 

because they are focused on things such as the force it takes to break through a piece of 

bread, which is typically not a desirable trait for a sensory panel (Bourne 1978).  

Empirical tests are more broad.  They can include tests like puncture, shear, and extrusion 

(Bourne 1978).  The puncture test uses a probe and measures the amount of force it takes 
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to move the probe through the food (Bourne 1990).  The extrusion tests measure the 

amount of force it takes to push or flow a product through a slot or hole (Bourne 1990).  

Lastly, the shear test measures the force it takes to cut across a product, and is mostly 

used on meat products but can also be used on many other products (Bourne 1990). These 

tests seem to work better with desirable traits in a sensory panel testing.  Lastly, imitative 

tests are meant to try to imitate the conditions of a human mouth and what it would be 

like to be chewing on the product (Bourne 1978).  The major test in this category is the 

texture profile analysis, however, this test is limited to what types of product can be 

tested and is mainly used for meat testing (Bourne 1978).   

Texture is considered a multi-faceted characteristic that provides much depth to a 

product (Bourne 1990).  When conducting a texture analysis, several different 

characteristics could be measured or desired from the product.  One characteristic is 

called fracturability. This can also be known as brittleness (Bourne 1978).  Another 

characteristic is hardness, which can also be considered the first bite of a product (Bourne 

1978).  Cohesiveness and adhesiveness can also be measured (Bourne 1978).  Springiness 

can also be measured and is thought of as being similar to elasticity in a product (Bourne 

1978).  Gumminess and chewiness are also important characteristics that are measured 

and can become very important depending on what the product is that is being tested 

(Bourn 1978).        

An instrument that is used to measure texture properties is the TA-HD texture 

analyzer.  A wide range of material can be tested on this machine.  It can conduct tests in 

tension and compression and is used in many different industries, including the food, 
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pharmaceutical, cosmetic, packaging, leather, and adhesive industries (Texture 

Technologies 2011).  The software for this piece of equipment contains examples of 

parameters and tests that can be performed on certain types of products (Texture 

Technologies 2011). There are several different probes that can be attached to this 

instrument to perform a wide range of tests.  Some probes commonly used are puncture, 

compression, and cone probes and shear blades are also used. 

For the purposes of this research, the texture tests that were used include the 

compression test, puncture test, and the shear test.  These tests were performed both on 

the final product and the dough.  

2.4.3 Color Test 

Depending on what type of product is being tested, a number of color tests can be 

performed on the product to determine what colors are in it.  There are also several 

different types of instruments that can be used, including colorimeters and 

spectrophotometers.  There are several different types of colorimeters but most 

spectrometers are the same.  Both read wavelengths at around 400-700nm (Hunterlab 

2008).  A colorimeter reads data that is perceived by the human eye.  It is used for 

psychophysical measurements (Hunterlab 2008).  There is a sensor on the inside that 

takes the measurement and displays the readings on its screen (Hunterlab 2008).  It has 

only one illuminant and observer setting and can not be changed from that (usually C/2*) 

(Hunterlab 2008).  It can read and pinpoint a wide range of wavelengths and typically is 

easier to use then other color reading instruments (Hunterlab 2008).  It works well to 
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detect the difference between colors that are very similar and can find very small 

differences between two colors (Hunterlab 2008).  A spectrophotometer provides more of 

a physical measurement (Hunterlab 2008).  It also contains a sensor and more commonly 

has computer software to analyze the data (Hunterlab 2008).  There is a wide range of 

different illuminant and observer settings and can be changed to any one the user prefers 

(Hunterlab 2008).  A spectrophotometer, however, does not have as wide of a wavelength 

reading as colorimeters and reads a very small range of them (Hunterlab 2008).  It seems 

to be more complex to use when compared to a colorimeter and is used in many labs for 

research and development (Hunterlab 2008).    

There are several different types of colorimeters that are available for use in a lab.  

For the purposes of this research a portable colorimeter was used.  The color test was 

performed on the inside and outside of the final product and on the dough.  
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CHAPTER 3 

METHODOLOGY 

3.1 Materials and Methods 

3.1.1 Introduction to Recipe 

The recipe chosen for modification was based on one that had a high fat content 

and had ingredients that could be interchanged.  The original recipe comes from the Food 

Network website and is titled “Cheddar Dill Scones” (Food Network, 2012).  This recipe 

has the base ingredient that most scone recipes have, including flour, cream, butter, and 

eggs.  For the purposes of this research, any flavoring agents (cheddar and dill) were 

removed because they did not play a role in the overall texture of the product.  The 

original recipe was modified seven times and each modification was tested against the 

original recipe. All ingredients in these recipes can easily be found in any grocery store 

with the exception of the hydrocolloids.  The hydrocolloids including, carrageenan, locust 

bean gum, and guar gum, and were provided by Tic Gums (Ticgums, 2012).  This recipe 

is easy to follow and can be made in any home kitchen.   

3.1.2 Control A  

The modified recipe for cheddar dill scones (Food Network 2012) served as the 

control A recipe and all measurements were converted into grams for a more accurate 

measure of ingredients.  Table 3.1 shows the ingredients for control A. 
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Ingredient   Amount g   Special Condition 

All-purpose flour 597.84 
   Baking powder 35.68 
   Salt 

 
13.98 

   Unsalted Butter 164.3 
 

Cold, Diced 

Eggs 
 

230.38 
 

Slightly beaten 

Heavy Cream 222.51   Cold   

 

The procedure for Control A is as follows: 

1. Preheat the oven to 400ºF. 

2. Combine 4 cups of flour, the baking powder, and salt in the bowl of an electric 

mixer fitted with a paddle attachment.  

3. Add the butter and mix on low speed until the butter is in pea-sized pieces.  

4. Mix the eggs and heavy cream and quickly add them to the flour-and-butter 

mixture. Combine just until blended.  

5. Dump the dough onto a well-floured surface and knead it for 1 minute. Roll the 

dough ¾-inch thick. Cut into 4-inch squares and then in half diagonally to make 

triangles.  

6. Bake on a baking sheet lined with parchment paper for 20 to 25 minutes, until the 

outside is crusty and the inside is fully baked (Food Network 2012). 

 

Table 3.1 Ingredients of Control A  
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3.1.3 Control B  

This recipe is a modification of the original recipe and had the dill and cheddar 

removed.  The cream has been replaced with skim milk and the butter has been replaced 

with pureed winter squash.  The egg wash has also been eliminated.  All measurements 

were converted into grams for a more accurate measure of ingredients.  The ingredients 

are indicated in Table 3.2 

 

Ingredient   Amount g   Special Condition 

All-purpose flour 597.84 
   Baking powder 35.68 
   Salt 

 
13.98 

   Pureed squash 164.3 
 

Cold 
 Eggs 

 
230.38 

 
Slightly beaten 

Skim milk   222.51   Cold   

 

The procedure for Control B is as follows: 

1. Preheat the oven to 400ºF. 

2. Combine 4 cups of flour, the baking powder, and salt in the bowl of an electric 

mixer fitted with a paddle attachment.  

3. Add the squash and mix on low speed until the squash is in pea-sized pieces.  

4. Mix the eggs and skim milk and quickly add them to the flour-and-squash 

mixture. Combine just until blended.  

Table 3.2 Ingredients of Control B  
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5. Dump the dough onto a well-floured surface and knead it for 1 minute. Roll the 

dough ¾-inch thick. Cut into 4-inch squares and then in half diagonally to make 

triangles.  

6. Bake on a baking sheet lined with parchment paper for 20 to 25 minutes, until the 

outside is crusty and the inside is fully baked (Food Network 2012). 

3.1.4 Carrageenan  

This recipe modification replicates with the Control B recipe but also has 

carrageenan added to it.  All measurements were converted to grams for a more accurate 

measure of the ingredients.  As suggested by Tic Gums, 0.5% of the total weight of the 

recipe was carrageenan.  The ingredients are indicated in Table 3.3. 

 

Ingredient   Amount g   Special Condition 

All-purpose flour 597.84 
   Baking powder 35.68 
   Salt 

 
13.98 

   Pureed squash 164.3 
 

Cold 
 Eggs 

 
230.38 

 
Slightly beaten 

Skim milk 
 

222.51 
 

Cold 
 Carrageenan 6.32   Powder   

 

The procedure for Carrageenan Recipe is as follows: 

1. Preheat the oven to 400ºF. 

Table 3.3 Ingredients of Carrageenan  
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2. Combine 4 cups of flour, the baking powder, and salt in the bowl of an electric 

mixer fitted with a paddle attachment.  

3. Add the squash and mix on low speed until the squash is in pea-sized pieces.  

4. Heat milk to 180ºF and whisk in the carrageenan. Mix the eggs and skim milk-

carrageenan mixture and quickly add them to the flour-and-squash mixture. 

Combine just until blended.  

5. Dump the dough onto a well-floured surface and knead it for 1 minute. Roll the 

dough ¾-inch thick. Cut into 4-inch squares and then in half diagonally to make 

triangles.  

6. Bake on a baking sheet lined with parchment paper for 20 to 25 minutes, until the 

outside is crusty and the inside is fully baked (Food Network 2012). 

3.1.5 Locust Bean Gum  

This recipe modification follows along with the Control B recipe with the 

exception of having locust bean gum added to it.  All measurements were converted to 

grams for a more accurate measure of the ingredients.  As suggested by Tic Gums, 0.75% 

of the total weight of the recipe was used.  The recipe is indicated in Table 3.4. 

 

 

 

Ingredient   Amount g   Special Condition 

All-purpose flour 597.84 
   Baking powder 35.68 
   Salt 

 
13.98 

   Pureed squash 164.3 
 

Cold 
 Eggs 

 
230.38 

 
Slightly beaten 

Skim milk 
 

222.51 
 

Cold 
 Locust bean gum 9.49   Powder   

Table 3.4 Ingredients of Locust Bean Gum 

Recipe 
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The procedure for Locust Bean Gum is as follows: 

1. Preheat the oven to 400ºF. 

2. Combine 4 cups of flour, the baking powder, and salt in the bowl of an electric 

mixer fitted with a paddle attachment.  

3. Add the squash and mix on low speed until the squash is in pea-sized pieces.  

4. Heat milk to 165ºF and whisk in the locust bean gum. Mix the eggs and skim 

milk-locust bean gum mixture and quickly add them to the flour-and-squash 

mixture. Combine just until blended.  

5. Dump the dough onto a well-floured surface and knead it for 1 minute. Roll the 

dough ¾-inch thick. Cut into 4-inch squares and then in half diagonally to make 

triangles.  

6. Bake on a baking sheet lined with parchment paper for 20 to 25 minutes, until the 

outside is crusty and the inside is fully baked (Food Network 2012). 

3.1.6 Guar Gum  

This recipe modification was based off the Control B recipe except guar gum was 

added to it.  All measurements were converted to grams for a more accurate measure of 

ingredients. As suggested by Tic Gums, 1% of the total weight of the recipe is guar gum. 

The ingredients are indicated in Table 3.5. 
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Ingredient   Amount g   Special Condition 

All-purpose flour 597.84 
   Baking powder 35.68 
   Salt 

 
13.98 

   Pureed squash 164.3 
 

Cold 
 Eggs 

 
230.38 

 
Slightly beaten 

Skim milk 
 

222.51 
 

Cold 
 Guar gum   12.65   Powder   

 

The procedure for Guar Gum Recipe is as follows: 

1. Preheat the oven to 400ºF. 

2. Combine 4 cups of flour, the baking powder, and salt in the bowl of an electric 

mixer fitted with a paddle attachment.  

3. Add the squash and mix on low speed until the squash is in pea-sized pieces.  

4. Add the guar gum powder to the milk and whisk. Mix the eggs and skim milk-

guar gum mixture and quickly add them to the flour-and-squash mixture. 

Combine just until blended.  

5. Dump the dough onto a well-floured surface and knead it for 1 minute. Roll the 

dough ¾-inch thick. Cut into 4-inch squares and then in half diagonally to make 

triangles.  

6. Bake on a baking sheet lined with parchment paper for 20 to 25 minutes, until the 

outside is crusty and the inside is fully baked (Food Network 2012). 

 

Table 3.5 Ingredients of Guar Gum Recipe 
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3.1.7 Carrageenan 1 Modification 

After the first round of testing, carrageenan was used in different amounts to 

determine if there was a range of amounts that could be used in the product.  The recipe 

follows closely to the carrageenan recipe with different amounts of the gum being tested.  

All ingredients were converted into grams for a more accurate measure.  The amounts of 

carrageenan were used based on a suggestion by Tic Gums and extreme amounts were 

also tested (Tic Gums 2012).  For the first recipe modification, carrageenan was used in 

0.2%.  The first recipe is indicated in Table 3.6. 

 

Ingredient   Amount g   Special Condition 

All-purpose flour 597.84 
   Baking powder 35.68 
   Salt 

 
13.98 

   Pureed squash 164.3 
 

Cold 
 Eggs 

 
230.38 

 
Slightly beaten 

Skim milk 
 

222.51 
 

Cold 
 Carrageenan 2.529   Powder   

 

The procedure for Carrageenan 1 Modification is as follows: 

1. Preheat the oven to 400ºF. 

2. Combine 4 cups of flour, the baking powder, and salt in the bowl of an electric 

mixer fitted with a paddle attachment.  

3. Add the squash and mix on low speed until the squash is in pea-sized pieces.  

Table 3.6 Ingredients of Carrageenan 1 Modification  
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4. Add the carrageenan powder to the milk (180º F) and whisk. Mix the eggs and 

skim milk-carrageenan mixture and quickly add them to the flour-and-squash 

mixture. Combine just until blended.  

5. Dump the dough onto a well-floured surface and knead it for 1 minute. Roll the 

dough ¾-inch thick. Cut into 4-inch squares and then in half diagonally to make 

triangles.  

6. Bake on a baking sheet lined with parchment paper for 20 to 25 minutes, until the 

outside is crusty and the inside is fully baked (Food Network 2012). 

3.1.7 Carrageenan 2 Modification 

The second carrageenan modification follows the first modification’s recipe with 

a different amount of carrageenan being used.  Carrageenan was used in 1% of the total 

weight of the product.  All measurements were converted to grams for a more accurate 

measure of the ingredients.  The recipe is indicated in Table 3.7. 

 

Ingredient   Amount g   Special Condition 

All-purpose flour 597.84 
   Baking powder 35.68 
   Salt 

 
13.98 

   Pureed squash 164.3 
 

Cold 
 Eggs 

 
230.38 

 
Slightly beaten 

Skim milk 
 

222.51 
 

Cold 
 Carrageenan 12.64   Powder   

 

 

Table 3.7 Ingredients of Carrageenan 2 Modification  
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The procedure for Carrageenan 2 Modification is as follows: 

1. Preheat the oven to 400ºF. 

2. Combine 4 cups of flour, the baking powder, and salt in the bowl of an electric 

mixer fitted with a paddle attachment.  

3. Add the squash and mix on low speed until the squash is in pea-sized pieces.  

4. Add the carrageenan powder to the milk (180ºF) and whisk. Mix the eggs and 

skim milk-carrageenan mixture and quickly add them to the flour-and-squash 

mixture. Combine just until blended.  

5. Dump the dough onto a well-floured surface and knead it for 1 minute. Roll the 

dough ¾-inch thick. Cut into 4-inch squares and then in half diagonally to make 

triangles.  

6. Bake on a baking sheet lined with parchment paper for 20 to 25 minutes, until the 

outside is crusty and the inside is fully baked (Food Network 2012). 

3.1.8 Carrageenan 3 Modification 

The third carrageenan recipe follows along with the other two modifications using  

Ingredient   Amount g   Special Condition 

All-purpose flour 597.84 
   Baking powder 35.68 
   Salt 

 
13.98 

   Pureed squash 164.3 
 

Cold 
 Eggs 

 
230.38 

 
Slightly beaten 

Skim milk 
 

222.51 
 

Cold 
 Carrageenan 37.94   Powder   

 

Table 3.7 Ingredients of Carrageenan 3 Modification Recipe 
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carrageenan but with a different amount of the powder being used.  The carrageenan was used 

in a 3% of the total weight of the product.  The recipe is indicated in Table 3.7. 

The procedure for Carrageenan 3 Modification is as follows: 

1. Preheat the oven to 400ºF. 

2. Combine 4 cups of flour, the baking powder, and salt in the bowl of an electric 

mixer fitted with a paddle attachment.  

3. Add the squash and mix on low speed until the squash is in pea-sized pieces.  

4. Add the carrageenan powder to the milk (180ºF) and whisk. Mix the eggs and 

skim milk-carrageenan mixture and quickly add them to the flour-and-squash 

mixture. Combine just until blended.  

5. Dump the dough onto a well-floured surface and knead it for 1 minute. Roll the 

dough ¾-inch thick. Cut into 4-inch squares and then in half diagonally to make 

triangles.  

6. Bake on a baking sheet lined with parchment paper for 20 to 25 minutes, until the 

outside is crusty and the inside is fully baked (Food Network 2012). 

All modifications of the carrageenan recipe were tested against the control A and 

control B data.  The purpose was to see if there was a more desirable amount of 

carrageenan that should be used in this product. 
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3.2 Testing Evaluation 

3.2.1 Compression Test 

The compression test was used on all variations of the recipe.  Compression can 

be an indication of elasticity and firmness in a product (Texture Technologies Corp 

2012).  Using egg in the product is mainly what leads to the elasticity in the scones as 

well as in other bakery products (Texture Technologies Corp 2012).  The main purpose 

of the compression test was to give accurate data that would mimic a real person.  The 

compression test is comparable to a human mouth and measures data that would be 

equivalent to a person chewing the product.  The machine used for the compression test 

was the Texture Technologes Corp texture analyzer (TA-Hdi).  It was fitted with the 

compression probe and the settings were adjusted according to this project.  The return 

distance was set to 55mm, test speed was at 2.0mm/s, and pretest speed was also set to 

2.0mm/s.  The distance the probe traveled was set to 50mm and the load cell used was 

5kg.  The force of the probe was set to grams and was measured at 200.00.  The 

compression was set to 50%; the probe would come down and when the surface of the 

scone was detected, the probe would slow and compress the product to 50% and then 

release.  Each recipe modification was tested in triplicate and data was recorded to later 

be used in comparison to each other product.  The recipes were tested one day after they 

had been made to ensure they were at room temperature when they were being tested.  

Heat can play a role in changing the readings that the probe would give so it was 

important that the scones were at the proper temperature. 
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3.2.2 Puncture Test 

The puncture test was used for all recipe modifications.  This test was used as a 

tool to measure data that would be similar to a human eating the product.  The probe 

would act as an indication to how much force it would take to bite into the products.  The 

machine used for the puncture test was the Texture Technologes Corp texture analyzer 

(TA-Hdi).  It was fitted with the puncture probe that was ¼ inch in size and the settings 

were adjusted according to this project.  The return distance was set to 55mm, test speed 

was at 2.0mm/s, and pretest speed was also set to 2.0mm/s.  The distance the probe 

traveled was set to 50mm and the load cell used was 5kg.  The force of the probe was set 

to grams and was measured at 200.00.  This test was used for all variations of the product 

and the test was run 5 times for data collection.  The scones were used the day after they 

were made to insure that there was no heat trapped inside them and that they were at 

room temperature when they were being tested.  All data was collected for later analysis 

and comparison between products.  

3.2.3 Color Test 

Color can play an important role to consumers when they are buying products.  

Color values were measured for all products using the L*a*b* values.  The L* value is an 

indication of lightness in a product (Icoz and others 2004).  The a* value is where the 

product falls on a range scale of green to red (Icoz and others 2004).  The b* value is 

where the product falls on a range of yellow to blue (Icoz and others 2004).  Since color 

varies between the inside of the product to the outside, color measurements were taken on 
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the inside of the product as well as the outside of the product.  The scones were tested for 

color one day after they had been prepared to ensure that they had reached room 

temperature.  The test was run in triplicate and data was recorded for later analysis and 

comparison between scones.  The unbaked dough was also tested for L*a*b* values.  

Data was recorded for later analysis.  Many products change colors as they go through 

the cooking process so it is important to note the differences in color between the 

unbaked dough and the final baked product.   

3.2.4 Kramer Shear Test 

The Kramer shear test measures the force it takes to cut through a product.  It is 

meant to measure how soft or hard a product is.  Since a product’s softness changes with 

time, the product should be measured at a range of times.  For the purpose of this 

research the shear force was taken of each product one day after baking, 2 weeks after 

baking, and 3 weeks after baking.  The data can show a difference in the texture of the 

product, possibly a reaction from the staling process.   The machine used for the shear 

test was the Texture Technologies Corp texture analyzer (TA-Hdi).  Samples were cut 

into  5 in by 7.5 in (127 mm by 190.5 mm) pieces before being tested.  The force load 

was set to 100 g and the load cell was used at 50kg.  The test speed was set to 2.00mm/s 

and the post test speed was set to 10mm/s.  The distance the blade traveled was 50mm.  

This test was also run in triplicate.  Products were tested at room temperature to ensure 

heat would not change the readings.  Data was collected and analyzed and each recipe’s 

measurements were later compared.         
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3.2.5 SAS 

After all data was collected from each test (compression, puncture, shear, and 

color), it was compiled onto an Excel spread sheet for further analysis.  To analyze the 

data, a computer program called SAS (version 9.3) was used. SAS is used for statistical 

and mathematical analysis.  The excel spread sheet was opened with the program and the 

program guidelines were set to compare all data to the control A recipe.  The data from 

each test for each recipe variation was compared against control A and each test showed 

if the recipe was statistically different from the control A.  The program gives a P value 

which is the probability of similarity between control A and whichever recipe variation it 

is being tested against at the time. If the P value is greater than 0.05 (5%), then there is a 

statistical difference in the numbers and the two products are significantly different.    

3.2.6 Nutritional Analysis 

Nutritional analysis was done on all variations of the recipe and all recipes were 

compared to control A.  Analysis was done using the computer program Genesis.  

Nutrition labels and ingredient statements were generated using Genesis.  All major 

nutrients were looked at for the recipes and macronutrients were compared across 

recipes.  Some vitamins and minerals were also analyzed for changes throughout the 

recipes. 

 

 



47 
 

Chapter 4 

RESULTS AND DISCUSSION 

4.1 Introduction 

Each recipe modification was tested against and compared to control A recipe.  

For compression, puncture, and color tests, samples were tested in the center of the 

surface of the product (with the exception of the color test for the inside of the product in 

which testing was done in the center of the product).  For the shear test, samples were cut 

to fit the chamber that held the probe.  All tests were run in triplicate.   

4.1.1 Control A  

Results (mean and least significant difference) from the control A recipe can be 

found in Table 4.1.  The control A recipe was compared to all other recipe modifications 

to see if a similar product could be made using hydrocolloids and squash as fat replacers. 

    Mean LSD¹ 
LSD¹ 
Dough 

Compression,g 2911 2676.6 n/a 

Puncture,g 
 

1194.8 262.24 n/a 

Shear- Day After,g 20242 4447.8 711.14 

Shear- 2 Weeks,g 40228 7537.6 563.69 

Shear- 3 Weeks,g 23472 14820 663.07 

Color L*- Outside 59.48 4.22 2.77 

Color a*- Outside 7.8567 1.46 0.34 

Color b*- Outside 22.73 3.34 2.43 

Color L*- Inside 75.33 2.93 n/a 

Color a*-Inside -1.5267 0.58 n/a 

Color b*- Inside 20.6 1.37 n/a 

Table 4.1 Scone Data from Control A  

LSD¹- Significant Difference 
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4.1.2 Control B- Scones 

Results from the control B recipe can be found in Table 4.2.   

 

    Mean- Control A Mean- Control B 

Compression,g 2911
a 

 

3233
a 

 Puncture,g 
 

1194.8
a 

 

816.3
b 

 Shear- Day After,g 20242
a 

 
24167

a 

 Shear- 2 Weeks,g 40228
a 

 
56801

b 

 Shear- 3 Weeks,g 23472
a 

 
64486

b 

 Color L*- Outside 59.48
a 

 
61.45

a 

 Color a*- Outside 7.8567
a 

 
8.17

a 

 Color b*- Outside 22.73
a 

 
22.743

a 

 Color L*- Inside 75.33
a 

 
71.7

b 

 Color a*-Inside -1.5267
a 

 
-1.42

a 

 Color b*- Inside 20.6
a 

  36.4167
b   

 

When comparing the control B recipe to the control A recipe in the compression 

test, they are statistically similar.  The mean for control A is 2911g and for control B it is 

3233g and control B was within the significant difference (2676.6).  These two recipes 

received similar readings in the compression test and therefore they are comparable and 

can be classified as being a similar product.  When comparing the control B recipe to the 

control A recipe in the puncture test, they are not statistically similar. The mean for 

control A is 1194.8g and for control B it is 816.3g.  This indicates that there is a 

difference in the readings on this test and that they are not comparable in this test.  It took 

less force to move through the control B product therefore indicating that the product is 

Table 4.2 Scone Data Comparing Control A and Control B 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 



49 
 

softer.  In the shear test for the day after scones were made, control A recipe is 

statistically similar to control B recipe.  They measure similar numbers in the testing and 

this indicates that they are a similar product.  The mean for control A recipe is 20242g 

and for control B recipe it is 24401g and control B was within the significant difference 

value (4447.8).  For week two, control A recipe and control B recipe are statistically 

different.  They measure numbers that are not similar; therefore the two products are not 

comparable.  The mean for control A is 40228g and for control B it is 56801g.  There is a 

significant difference in the data for these two recipes for this shear test.  Control B has a 

higher reading indicating that it takes more force to move through that product and that 

control B is a tougher product.  In week three of shear testing, control A and control B are 

statistically different.  They measure different enough numbers to indicate that they are 

not a similar product.  The mean for control A is 23472g and for control B it is 64486g 

and control B is outside of the significant difference value.  The two products are not 

similar in this phase of testing.  Again, the Control B has a higher shear value, indicating 

that the product has a tougher texture and it requires more force to move through this 

product.  Over the course of the three weeks, control B gave higher readings in the shear 

testing, indicating that it became harder and was staling.  In a similar study done by 

Mohamed and others, the researchers tested the firmness of banana bread over the course 

of one week (2010).  It was shown that with increased time, the amount of firmness 

(staling) increased in the product.  In the color testing, the color readings were taken on 

the outside of the product as well as the inside of the product.  Control A and control B 

are statistically similar in the color test for L*a*b*.  The color readings indicate that they 

have a similar color in all three areas of the testing.  For control A the mean for L* was 
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59.480, a* was 7.8567, and b* was 22.730.  For control B the mean for L* was 61.450, 

a* was 8.1700, and b* was 22.743 and was within the significant difference (4.22, 1.46, 

and 3.3 respectively).  These two products are similar in the color testing and therefore 

are comparable products.  For L*, both products measured a lighter color rather than 

darker.  Both samples measured more red than green and more yellow than blue.  For the 

inside of the scone, control A is statistically similar to control B only in the a* data.  They 

are statistically different in the L* and b* measurements.  For control A the mean for L* 

was 75.330, a* was -1.5267, and b* was 20.6000.  For control B the mean for L* was 

71.700, a* was -1.4200, and b* was 36.4167.  Control A and control B are significantly 

different in the L* and b* measurements but comparable in the a* measurement.  Both 

products were more green than red, however, control A measures lighter and more yellow 

and control B measures darker and more blue.      

4.1.3 Control B- Dough 

Table 4.3 shows the data for the shear and color tests for the control B dough samples.  

 

 

 

 

    Mean-Control A Mean- Control B 

Shear- Day after,g 2728.4
a 

 

1572.2
b 

 Shear- 2 Weeks,g 2712
a 

 

1683.1
b 

 Shear- 3 Weeks,g 3816.5
a 

 

1688.4
b 

 Color L* 

 

71.84
a 

 

67.883
b 

 Color a* 

 

1.02
a 

 

1.9733
b 

 Color b*   19.967
a 

  28.39
b 

  

Table 4.3 Dough Data Comparing Control A and Control B 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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The shear test and the color tests were run on the scones as well as the unbaked 

dough.  These two tests were compared to control A recipe’s data on the dough.  Least 

significant difference values can be found in table 4.1.  Control A and control B’s doughs 

were statistically different in the shear test on the day after the dough was made.  The 

mean for control A was 2784.4g and for control B it was 1572.2g.  The doughs are 

significantly different and therefore are not a similar product.  Control B measured a 

lower shear value and was therefore a softer product.  It took less force to move through 

the control B sample in the day after testing.  In week two of testing, control A and 

control B are statistically different.  The mean for control A was 2712.0g and for control 

B it was 1683.1g.  The products are significantly different and therefore the two products 

are not comparable.  Control A measured values that were significantly higher indicating 

that the product was tougher than control B and that it took more force to move through 

it.  In week three of shear testing, control A and control B are not statistically similar.  

The mean for control A was 3816.5g and for control B it was 1688.4g.  The two products 

are significantly different and therefore they are not a comparable product.  Control A 

measured values that were higher than control B indicating that it is a tougher product 

and it took more force to move through control A than it did for control B.   Over the 

course of the three weeks, control A has had higher shear values indicating that the 

product was tougher and continued to become more tough and staled more with time.  

Control B also became tougher and more stale but at a slower rate than control A.  In the 

color testing of the doughs, control A and control B readings are statistically different and 

therefore the two products are not comparable in the color measurements.  The mean for 

control A for L* was 71.840, a* was 1.0200, and b* was 19.967.  For control B the mean 
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for L* was 67.883, a* was 1.9733, and b* was 28.390.  Control A is statistically different 

from control B in the shear testing and color testing for the unbaked dough.  For the L* 

value, control A measured lighter on the scale than control B did.  For the a* value, 

control A measured closer to green and control B had more of the red color in it.  For the 

b* value, control B had a higher indication of yellow in it than control A did. 

4.1.3 Carrageenan- Scones 

The data from the carrageenan recipe for scones can be found in Table 4.4.  Least 

significant difference values can be found in Table 4.1.   

 

 

 

 

 

 

When comparing data from the control A recipe for the compression test, they are 

statistically similar.  The mean for control A was 2911g and for carrageenan it was 

3228g.  These two products are similar and therefore are a comparable product.  Their 

data shows that they have textures that are alike and carrageenan is within the significant 

    Mean- Control A Mean- Carrageenan 

Compression,g 2911
a 

 

3228
a 

 Puncture,g 
 

1194.8
a 

 

816.3
a 

 Shear- Day After,g 20242
a 

 

28022
b 

 Shear- 2 Weeks,g 40228
a 

 

52833
b 

 Shear- 3 Weeks,g 23472
a 

 

71302
b 

 Color L*- Outside 59.48
a 

 

67.403
b 

 Color a*- Outside 7.8567
a 

 

4.6533
b 

 Color b*- Outside 22.73
a 

 

24.213
b 

 Color L*- Inside 75.33
a 

 

74.137
b 

 Color a*-Inside -1.5267
a 

 

-1.6733
b 

 Color b*- Inside 20.6
a 

  37.5267
a 

  

Table 4.4 Scone Data Comparing Control A and Carrageenan 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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difference value (2676.6).  For the puncture test, control A and the carrageenan recipe are 

statistically parallel.  The mean for control A was 1194.8g and for carrageenan it was 

1281.3g and carrageenan was within the least significant difference value (262.24).  

These numbers indicate that the two products have a texture that is close to one another.  

Control A and carrageenan require similar force to move the puncture probe through the 

samples.    For the shear test, control A and the carrageenan recipe are statistically 

different for next day, two weeks, and at three weeks.  The shear test shows that they 

might have a difference in the ability to cut through the products.  The means for control 

A are as follows: 20242g, 40228g, and 23472g.  The means for the carrageenan recipe are 

as follows: 28022g, 52833g, and 71302g.  Carrageenan has significantly higher values for 

the shear testing for all three weeks indicating that the product is tougher than control A 

and more force is required to move through carrageenan.  This also indicates that 

carrageenan has a faster staling rate that control A does.  These two products are 

significantly different when it comes to the shear test.  In the color test for the outside of 

the scones, the control A is statistically different from carrageenan in L* and a*, but not 

in b*.  The mean for control A for L* was 59.907, for a* it was 7.8567, and for b* it was 

22.730.  For the carrageenan recipe the mean for L* was 67.403, a* was 4.6533, and b* 

was 24.213.  Control A measured darker and had more of the red pigment than 

carrageenan did, however, the two products had similar amounts of yellow coloring.  For 

the inside color of the scones, control A is statistically similar to carrageenan in L* and 

a* but not in b*.  The mean for control A for L* was 75.330, for a* it was -1.5267, and 

b* was 20.6000.  The mean for carrageenan for L* was 74.243, for a* it was -1.6733, and 

for b* it was 37.5267.   Carrageenan and control A both have a light color to them and 
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both have a high reading of red pigments in them.  Control A, however, does have a 

higher reading of yellow in it then carrageenan does.  These two products have 

comparable color for L* and a* but b* is significantly different.     

4.1.4 Carrageenan- Dough 

The results from the dough testing can be found in Table 4.5 (least significant difference 

values in Table 4.1).   

 

    Mean-Control A Mean- Carrageenan 

Shear- Day after,g 2728.4
a 

 

2254.2
a 

 Shear- 2 Weeks,g 2712
a 

 

3231.6
a 

 Shear- 3 Weeks,g 3816.5
a 

 

3702.6
a 

 Color L* 

 

71.84
a 

 

69.77
a 

 Color a* 

 

1.02
a 

 

2.42
b 

 Color b*   19.967
a 

  30.117
b 

  

 

When comparing the dough from control A to the dough for carrageenan in the 

shear testing, they are statistically the same for day after, week 2, and week 3.  They are 

considered to be significantly similar in this test.  The means for control A are as follows: 

2784.4g, 2712.0g, and 3816.5g.  The means for carrageenan dough are as follows: 

2254.2g, 3231.0g, and 3702.6g and carrageenan is within the least significant difference 

of control A (711.14, 563.69, and 663.07, respectively).  In the color testing of the dough, 

control A is statistically similar to carrageenan in L*, but not a* or b*.  The two products 

are comparable in the brightness (or lightness) of the product, but not for the red-green or 

Table 4.5 Dough Data Comparing Control A and Carrageenan 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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blue-yellow.  The means for control A for L* was 71.840, a* was 1.0200, and b* was 

19.967.  The means for carrageenan dough for L*b was 69.770, a* was 2.4200, and b* 

was 30.117.  Carrageenan has a higher indication of green and yellow, where control A 

has a higher indication of red and blue pigments.  In research done by Mohamed and 

others (2010), banana was added to bread which gave the bread a darker reading on the 

colorimeter.  The same happened with squash being added to the scones, they appear 

slightly darker, but not at a significant difference for locust bean gum scones. 

4.1.5 Locust Bean Gum- Scones 

The results for locust bean gum can be found in Table 4.6 (least significant 

difference values in Table 4.1).  When comparing control A to locust bean gum in the 

compression test, the two are statistically similar.  They have a comparable texture 

according to the 

 

    Mean- Control A 

Mean- Locust Bean 

Gum 

Compression,g 2911
a 

 

3393
a 

 Puncture,g 
 

1194.8
a 

 

1198
a 

 Shear- Day After,g 20242
a 

 

28877
b 

 Shear- 2 Weeks,g 40228
a 

 

58022
b 

 Shear- 3 Weeks,g 23472
a 

 

49503
b 

 Color L*- Outside 59.48
a 

 

68.697
b 

 Color a*- Outside 7.8567
a 

 

6.61
a
 

 Color b*- Outside 22.73
a 

 

28.24
b 

 Color L*- Inside 75.33
a 

 

75.137
a 

 Color a*-Inside -1.5267
a 

 

-1.0133
a 

 Color b*- Inside 20.6
a 

  36.74
b 

  

Table 4.6 Scone Data Comparing Control A and Locust Bean Gum 
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compression test.  The mean for control A was 2911g and for locust bean gum it was 

3393g.  Locust bean gum was within the least significant difference value (2676.6).  

When comparing control A to locust bean gum for the puncture test, the two products are 

statistically similar as well.  This indicates that the motion of biting into these two 

products is comparable.  The mean for control A was 1194.8g and for locust bean gum it 

was 1198.0g and locust bean gum was within the least significant difference value 

(262.24).  When comparing control A to locust bean gum in the shear test the two 

products are statistically different in the day after testing, 2 week, and 3 week.  The 

motion of cutting through these two products is not comparable.  The means for control A 

are as follows: 20242g, 40228g, and 23472g.  The means for locust bean gum are as 

follows: 28877g, 58022g, and 49503g.  Locust bean gum required significantly more 

force to move the probe thought the product indicating that it has a tougher texture than 

control A does.  These two products are significantly different in this test.  When 

comparing control A to locust bean gum in the color test for the outside of the scone, the 

two products are statistically similar in a* but not in L* or b*.  The mean for control A 

for L* was 59.480, a* was 7.8567, and b* was 22.730.  The mean for locust bean gum for 

L* was 68.697, a* was 6.6100, and b* was 20.130.  The two products measured a similar 

amount of red pigment, however, control A was a darker product than locust bean gum 

and had more of a yellow coloring than locust bean gum.  When comparing the color for 

the inside of the scone, control A is statistically similar to locust bean gum in L* and a*, 

but not in b*.  Locust bean gum had a similar lightness value and had similar amounts of 
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red pigment in it than control A but had more of a yellow coloring than control A did.  

The mean for control A for L* was 75.330, a* was  -1.5267, and b* was 20.6000.  The 

mean for locust bean gum for L* was 75.137, a* was  -1.0133, and b* was 36.7400.   

4.1.6 Locust Bean Gum - Dough 

The results for the dough for locust bean gum can be found in Table 4.7 (least significant 

difference values in Table 4.1).   

    Mean-Control A 

Mean- Locust Bean 

Gum 

Shear- Day after,g 2728.4
a 

 

2267.2
a 

 Shear- 2 Weeks,g 2712
a 

 

3321.8
b 

 Shear- 3 Weeks,g 3816.5
a 

 

2124
b 

 Color L* 

 

71.84
a 

 

67.233
b 

 Color a* 

 

1.02
a 

 

2.4967
b 

 Color b*   19.967
a 

  27.37
b 

  

 

When comparing control A dough to locust bean gum dough for the shear test, the 

two products are statistically similar in the day after testing, but not in week 2 or week 3.  

The means for control A are as follows: 2784.4g, 2712.0g, and 3816.5g.  The means for 

locust bean gum are as follows: 2267.2g, 3321.8g and 2124.0g.  In week two, locust bean 

gum had a tougher texture than control A, however, in week three, control A had a 

tougher texture.  This indicates that control A (over the course of three weeks) stales at a 

more rapid rate than locust bean gum does. Control A got more tough over time than 

locust bean gum did.  When comparing control A to locust bean gum doughs in the color 

test, the two products are statistically different in L* a* and b*.  They are significantly 

Table 4.7 Dough Data Comparing Control A and Locust Bean Gum 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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different in the coloring.  The means for control A are as follows: 71.840, 1.0200, and 

19.967.  The means for locust bean gum are as follows: 67.233, 2.4967, and 27.040.  

Control A measured lighter on the scale than locust bean gum did.  Control A also had a 

higher concentration of red pigments than locust bean gum did and had more yellow 

pigment than locust bean gum.   

4.1.7 Guar Gum Recipe - Scones 

The results for guar gum can be found in Table 4.8 (least significant difference values in 

Table 4.1).   

 

 

  

 

 

 

When comparing control A to guar gum in the compression test, the two products 

are statistically similar.  This indicates that the two products have a comparable texture 

while eating them.  They are significantly alike.  According to Barcenas (2009), guar 

gum has been used in texture research and has been shown to improve texture and 

    Mean- Control A Mean- Guar Gum 

Compression,g 2911
a 

 

3575
a 

 Puncture,g 
 

1194.8
a 

 

1584.6
b 

 Shear- Day After,g 20242
a 

 

22957
a 

 Shear- 2 Weeks,g 40228
a 

 

58501
b 

 Shear- 3 Weeks,g 23472
a 

 

57001
b 

 Color L*- Outside 59.48
a 

 

57.017
b 

 Color a*- Outside 7.8567
a 

 

9.7467
b 

 Color b*- Outside 22.73
a 

 

21.203
a 

 Color L*- Inside 75.33
a 

 

76
a 

 Color a*-Inside -1.5267
a 

 

-1.5
a 

 Color b*- Inside 20.6
a 

  37.04
b 

  

Table 4.8 Scone Data Comparing Control A and Guar Gum 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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hardness of bread (2009).  The mean for control A was 2911g and for guar gum it was 

3575g and guar gum has a value within the significant difference value (2676.6).  When 

comparing control A to guar gum in the puncture test, the two products are statistically 

different.  This indicates that when biting into the two products, they would not be the 

same and different force would be required to bite.  They two products are significantly 

different.  The mean for control A was 1194.8g and for guar gum it was 1584.6g.  Guar 

gum has a tougher texture and more force is required to move the probe through the 

sample.  When comparing control A to guar gum in the shear test, the two products are 

statistically similar in the day after, but are statistically different in week 2 and week 3.  

This indicates that as the product ages, the guar gum scone gets tougher than the control 

A recipe and does not stay parallel in texture.  Guar gum has a faster rate of staling than 

control A does.  The means for control A are as follows: 20242g, 40228g, and 23472g.  

The means for guar gum are as follows: 22957g, 58501g, and 57001g.  When comparing 

the color for control A to guar gum for the outside of the scone, the two products are 

statistically different in L* and a* but are statistically similar in b*.  The means for 

control A are as follows: 59.480, 7.8567, and 22.743.  The means for guar gum are as 

follows: 57.017, 9.7467, and 21.203.  Control A has more brightness when compared to 

guar gum and has less red pigmentation than guar gum, however, the two products have 

similar amounts of yellow in them.  For the inside of the scone, the two products are 

statistically similar in L* and a* but not in b*.  The means for control A are as follows: 

75.330, -1.5267, and 20.6000.  The means for guar gum are as follows: 76.000, -1.5000, 

and 37.0400.  Both products have similar lightness to them and similar readings of red 

pigment, however, control A has more yellow present than guar gum does. 
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4.1.8 Guar Gum Recipe - Dough 

 The results for guar gum dough can be found in Table 4.9 (least significant difference 

values in Table 4.1).   

 

    Mean-Control A Mean- Guar Gum 

Shear- Day after,g 2728.4
a 

 

1294.4
b 

 Shear- 2 Weeks,g 2712
a 

 

1969.2
b 

 Shear- 3 Weeks,g 3816.5
a 

 

2668.7
b 

 Color L* 

 

71.84
a 

 

66.467
b 

 Color a* 

 

1.02
a 

 

2.5
b 

 Color b*   19.967
a 

  27.04
b 

  

 

When comparing control A to guar gum in the shear test of the dough the two 

products are statistically different in the day after, week 2 and week 3.  The two doughs 

are significantly different in the shear test.  Guar gum has lower values for the shear 

testing for all three weeks indicating that it has a softer texture than control A does and 

over time does not develop a texture that is a tough as control A.  Guar gum requires less 

force to move the probe through the product.  The means for control A are as follows: 

2784.4g, 2712.0g and 3816.5g.  The means for guar gum are as follows: 1294.4g, 

1969.2g, and 2668.7g.  When comparing the dough from control A to dough for guar 

gum in the color test, the two products are statistically different in L*a* and b*.  For L*, 

a*, and b* for control A the means are as follows: 71.840, 1.0200, and 19.967.  The 

means for guar gum for L*a* and b* are as follows: 66.467, 2.5000, and 27.040.  Guar 

Table 4.9 Dough Data Comparing Control A and Guar Gum 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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gum shows that it has a darker color to it than control A and also has more red 

pigmentation than control A and less yellow than control A.  The two products are 

significantly different in the color test. 

4.2 Carrageenan Modifications 

The carrageenan modifications were made to see if there was a more desirable 

amount of carrageenan that should be used compared to what the manufacturer had 

suggested.  Carrageenan was chosen because it had the most test and comparable data to 

control A and seemed to provide the closest results to control A than any other gum used.  

The data for all three modifications was compared to control A to see if a similar product 

could be made.  Shear testing was only done on the product for the day after the product 

was made. 

4.2.1 Carrageenan Modification 1- Scone 

The results for carrageenan 1 modification can be found in Table 4.10 (least 

significant difference values found in Table 4.1).  When comparing control A to 

carrageenan 1 modification in the compression test, the two products are statistically 

different.  This indicates that the two products do not have alike textures.  It requires 

more force to move the probe through carrageenan 1 modification indicating that it has a 

tougher texture than control A.  The mean for control A was 2911g and for the first 

modification it was 9579g.   

 

Table 4.10 Scone Data Comparing Control A to Carrageenan 1 Modification 
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When comparing the two products in the puncture test, the two are statistically similar.  

This indicates that the force required to bite into the product is related.  The two are 

significantly the same.  The mean for control A was 1194.8g and for the first 

modification it was 1386.2g and the significant difference for carrageenan is within the 

value provided (262.24). When comparing the two products in the shear test, they are 

statistically similar.  The force required to cut through them is alike.  The mean for 

control A was 20242g and for carrageenan modification 1 it was 18868g and the least 

significant difference value for carrageenan is within the value provided.  When 

comparing the outside of the scone of control A to the outside of carrageenan 

modification 1 scone, they are statistically similar in L*, a*, and b*.  The two products 

have a comparable color and are significantly the same.  The means for L*, a*, and b* for 

control A are as follows: 59.480, 7.8567, and 22.730.  Carrageenan 1 modification is 

within the least significant difference value (4.22, 1.46, and 3.34, respectively). The 

    Mean- Control A 

Mean- Carrageenan 

1 Modification 

 Compression,g 2911
a 

 

9579
b 

  Puncture,g 
 

1194.8
a 

 

1386.2
a 

  Shear- Day After, 20242
a 

 

18868
a 

  Color L*- Outside 59.48
a 

 

58.907
a 

  Color a*- Outside 7.8567
a 

 

6.9633
a 

  Color b*- Outside 22.73
a 

 

20.13
a 

  Color L*- Inside 75.33
a 

 

64.59
b 

  Color a*-Inside -1.5267
a 

 

0.6333
b 

  Color b*- Inside 20.6
a 

  30.14
b 

    

Table 4.10 Data Comparing Control A and Carrageenan 1 Modification  

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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means for L*, a*, and b* for carrageenan modification 1 are as follows: 58.907, 6.9633, 

and 20.130.  When comparing the two products in color on the inside of the scone, they 

are statistically different in L*, a*, and b*.  They are significantly different and have 

differing colors.  The means for control A for L*, a* and b* are as follows: 75.330,          

-1.5267, and 20.6000.  The means for carrageenan modification 1 for L*, a*, and b* are 

as follows: 64.590, 0.6333, and 30.1400.  Carrageenan has a darker color to it than 

control A does.  Control A has a higher reading of red in it and has more yellow coloring 

to it than carrageenan 1 modification does. 

4.2.2 Carrageenan Modification 1- Dough 

The results for carrageenan modification 1 dough can be found in Table 4.11 (least 

significant difference values in Table 4.1).  

 

    Mean-Control A 

Mean- Carrageenan 

1 Modification 

 Shear- Day after,g 2728.4
a 

 

1435.1
b 

  Color L* 

 

71.84
a 

 

66.38
b 

  Color a* 

 

1.02
a 

 

-0.0433
b 

  Color b*   19.967
a 

  29.82
b 

    

 

When comparing control A to carrageenan modification 1 in the shear test, the 

two are statistically different.  They are significantly different and cannot be comparable 

products.  The mean for control A was 2784.4g and for carrageenan modification 1 it was 

Table 4.11 Dough Data Comparing Control A and Carrageenan 1 Modification  

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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1435.4g.  Control A has a tougher texture than carrageenan 1 modification and requires 

more force to move the probe across the product.  When comparing the two products in 

the color test, the two are statistically different in L*, a* and b*.  They do not have a 

comparable color and therefore are significantly different.  The means for control A for 

L*, a*, and b* are as follows: 71.840, 1.0200, and 19.967.  The means for carrageenan 

modification 1 for L*, a*, and b* are as follows: 66.380, -0.0433, and 29.820.  Control A 

is not as dark in color than carrageenan 1 modification and has a lower indication of red 

(more green) and a higher indication of yellow (less blue) than carrageenan 1 

modification.   

4.2.3 Carrageenan Modification 2- Scone 

The results for carrageenan modification can be found in Table 4.12 (least significant 

difference values in Table 4.1).   

 

    Mean- Control A 

Mean- Carrageenan 

2 Modification 

 Compression,g 2911
a 

 

8894
b 

  Puncture,g 
 

1194.8
a 

 

1510.9
b 

  Shear- Day After,g 20242
a 

 

23903
a 

  Color L*- Outside 59.48
a 

 

60.657
a 

  Color a*- Outside 7.8567
a 

 

6.4567
a 

  Color b*- Outside 22.73
a 

 

20.743
a 

  Color L*- Inside 75.33
a 

 

66.203
b 

  Color a*-Inside -1.5267
a 

 

0.1167
b 

  Color b*- Inside 20.6
a 

  31.5433
b 

    

 

Table 4.12 Scone Data Comparing Control A and Carrageenan 2 Modification 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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When comparing control A recipe to carrageenan modification 2 recipe in the 

compression test, the two are statistically different.  They do not have related textures and 

are significantly different.  The mean for control A was 2911g and for carrageenan 

modification 2 it was 8894g.  Carrageenan modification 2 has a higher value for the 

compression test indicating that it has a tougher texture than control A and requires more 

force to move the probe through it.  When comparing the two products in the puncture 

test, they are statistically different.  They require different forces to penetrate are 

therefore are significantly different.  The mean for control A was 1194.8g and for 

carrageenan modification 2 it was 1510.9g.  Carrageenan modification 2 has a higher 

number in the puncture test indicating that more force is required to move the probe 

through this product and that it is tougher in texture than control A is.  For the shear test, 

the two products are statistically similar.  They require a similar force to cut through.  

The mean for control A was 20242g and for carrageenan modification 2 it was 23903g 

and carrageenan modification 2 is within the least significant difference value (4447.8).  

When comparing the outside color of the two products they are statistically similar in L*, 

a* and b*.  They have a parallel color and are significantly the same.  The means for L*, 

a*, and b* for control A are as follows: 59.480, 7.8567, and 22.730.  The means for 

carrageenan modification 2 for L*, a*, and b* are as follows: 60.657, 6.4567, and 20.743 

and carrageenan modification 2 is within the least significant difference value (4.22, 1.46, 

and 3.34, respectively).  Both products are similar in brightness and share similar 

amounts of red and yellow pigments.  For the inside of the scone, the two are statistically 

different.  They do not have a color that is similar and therefore are significantly 

different.  The means for control A for L*, a*,and b* are as follows: 75.330, -1.5267, and 
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20.6000.  The means for carrageenan modification 2 for L*, a*, and b* are as follows: 

66.203, 0.1167, and 31.5433.  Carrageenan modification 2 has a darker color than control 

A and has more red in it than control A.  However, control A has a higher indication of 

yellow than carrageenan modification 2 does. 

4.2.4 Carrageenan Modification 2- Dough  

The results for carrageenan modification 2 can be found in Table 4.13 (least significant 

difference values in Table 4.1).   

 

    Mean-Control A 

Mean- Carrageenan 

2 Modification 

 Shear- Day after,g 2728.4
a 

 

3328.4
a 

  Color L* 

 

71.84
a 

 

69.043
b 

  Color a* 

 

1.02
a 

 

0.19
b 

  Color b*   19.967
a 

  32.733
b 

  

 

When comparing carrageenan modifications 2 dough to control A dough in the 

shear test, the two are statistically similar.  The mean for control A was 2784.4g and for 

carrageenan modification 2 it was 3328.4g and carrageenan modification 2 is within the 

least significant difference value (711.14).  When comparing the two in the color test, 

they are statistically different.  They do not have a similar color and therefore are 

classified as being significantly different.  The means for control A for L*, a* and b* are 

as follows: 71.840, 1.0200, and 19.967.  The means for carrageenan modification 2 for 

Table 4.13 Dough Data Comparing Control A and Carrageenan 2 Modification 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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L*, a*, and b* are as follows: 69.770, 0.1900, and 32.733.  Carrageenan modification 2 

has a darker color to it and has more red pigment than control A (less green).  Control A, 

however, has more yellow in it than carrageenan modification 2 does (less blue).   

4.2.5 Carrageenan Modification 3- Scone 

The data for carrageenan modification 3 can be found in Table 4.14 (least 

significant difference values in Table 4.1).  When comparing carrageenan modification 3 

to control A recipe in the compression test, the two are statistically different.  They do not 

have parallel textures and therefore are significantly different.  The mean for control A 

was 2911g and for carrageenan modification 3 it was 8665g.  Carrageenan modification 3 

has a higher reading for compression test which is an indication that the product is 

tougher and more force is required to move the probe through this product.  For the 

puncture test, the two products are statistically similar.  They require a force that is  

 

 

 

 

 

    Mean- Control A 

Mean- Carrageenan 

3 Modification 

 Compression,g 2911
a 

 

8665
b 

  Puncture,g 
 

1194.8
a 

 

1274.3
a 

  Shear- Day After,g 20242
a 

 

24401
a 

  Color L*- Outside 59.48
a 

 

60.977
a 

  Color a*- Outside 7.8567
a 

 

6.58
a 

  Color b*- Outside 22.73
a 

 

21.893
a 

  Color L*- Inside 75.33
a 

 

68.707
b 

  Color a*-Inside -1.5267
a 

 

-0.4767
b 

  Color b*- Inside 20.6
a 

  32.93
b 

  

Table 4.14 Scone Data Comparing Control A and Carrageenan 3 Modification 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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comparable when biting into the product.  They are significantly the same.  The mean for 

control A was 1194.8g and for carrageenan modification 3 was 1274.3g and is within the 

least significant difference value (262.24).  In the shear test, the two products are 

statistically similar.  The mean for control A was 20242g and for carrageenan 

modification 3 it was 24401g and is within the least significant difference value.  When 

comparing the color of the outside of the scone from control A to carrageenan 

modification 3, the two products are statistically similar in all aspects.  They have a 

related color and therefore are classified as being significantly similar.  The means for 

control A for L*, a*, and b* are as follows: 59.480, 7.8567, and 22.730.  The means for 

carrageenan modification 3 for L*, a*, and b* are as follows: 60.977, 6.5800, and 21.893 

and all values are within the least significant difference value (4.22, 1.46, and 3.34, 

respectively).  When comparing the color of the inside of the scone for control A and 

carrageenan modification 3, the two products are statistically different.  They do not have 

a related color and therefore they are significantly different.  The means for control A for 

L*, a*, and b* are as follows: 75.330, -1.5267, and 20.600.  The means for carrageenan 

modification 3 for L*, a*, and b* are as follows: 68.707, -0.4767, and 32.9300.  

Carrageenan modification 3 is darker in color and has more red pigment than control A 

does (less green).  However, control A has more yellow pigment than carrageenan 

modification 3 (less blue). 
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4.2.6 Carrageenan Modification 3- Dough 

The data for the dough for carrageenan modification 3 can be found in Table 4.15 (least 

significant difference values in Table 4.1).   

 

  

 

 

When comparing control A dough to carrageenan modification 3 dough in the 

shear test, the two are statistically different.  They do not have a parallel texture and 

therefore are significantly different.  The mean for control A was 2784.4g and for 

carrageenan modification 3 it was 6032.0g.  Carrageenan has a higher value indicating 

that it is a tougher product and more force is required to move the probe through this 

product.  When comparing the color of the dough of control A to the color of the dough 

of carrageenan modification 3, the two products are statistically different.  They do not 

have a comparable color and are significantly different.  The means for control A for L*, 

a*, and b* are as follows: 71.840, 1.0200, and 19.967.  The means for carrageenan 

modification 3 for L*, a*, and b* are as follows: 66.073, -0.0933, and 30.157.  

Carrageenan modification 3 is darker in color and has less red pigment than control A 

    Mean-Control A 

Mean- Carrageenan 

3 Modification 

 Shear- Day after,g 2728.4
a 

 

6032
b 

  Color L* 

 

71.84
a 

 

66.073
b 

  Color a* 

 

1.02
a 

 

-0.0933
b 

  Color b*   19.967
a 

  30.157
b 

  

Table 4.15 Dough Data Comparing Control A and Carrageenan 3 Modification 

Means with different lowercase superscripts in the same column are significantly 

different (p <0.05) 
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does (more green).  Control A has more yellow pigment than carrageenan does (less 

blue). 

4.3 Nutritional Information 

Each recipe modification was run through nutritional software to determine the 

nutritional content of each product.  The program used was Genesis.  Major values, such 

as protein, carbohydrate, fat, vitamins and minerals were all looked at and compared 

between recipes.  Each recipe has its own nutrition label and ingredient statement.  All 

nutrition labels were compared between recipes.    

4.3.1 Original Recipe 

The following nutrition label shows the nutrition facts for the original recipe with 

all ingredients still in it.  All major nutrients are shown along with some vitamins and 

minerals.  
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The original recipe has a large amount of fat and carbohydrates and a moderate 

amount of protein.  The recipe has over half of the amount of saturated fat allowed in a 

day. It is not a good source of fiber and has a large amount of cholesterol. Appendix A.1 

shows the ingredient statement for the original recipe along with the amounts of each 

ingredient. 

4.3.2 Control A 

The following nutrition label shows the nutrients that are in the control A recipe 

for the scones.  All major nutrients are shown along with some vitamins and minerals. 

Figure 4.1 Nutrition Label for Original Recipe 
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The total amount of calories had decreased from the original recipe and the total 

amount of fat and the total amount of saturated fat had also decreased.  See Appendix A.2 

for the ingredient statement for the control A recipe.  All ingredients have the amounts 

listed. 

 

 

Figure 4.2 Nutrition Label for Control A  
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4.3.3 Control B  

The following nutrition label shows all major nutrients that are found in the 

control B recipe.  Some vitamins and minerals are also listed on the label. 

 

 

The amount of calories had significantly decreased from the original recipe along 

with the total fat and saturated fat.  The cholesterol had also decreased; however, the total 

amount of carbohydrates has remained the same.  See Appendix A.3 for the ingredient 

statement for the control B recipe.  Amounts of all ingredients are shown. 

Figure 4.3 Nutrition Label for Control B  
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 4.3.4 Carrageenan  

The following nutrition label shows all major nutrients that are in the carrageenan 

recipe.  Some vitamins and minerals are also shown on the label. 

 

 

The amount of calories is significantly decreased from the original recipe along 

with the total fat and cholesterol.  The sodium slightly decreases but the carbohydrates 

remain about the same.  Appendix A.4 shows the ingredient statement for the 

carrageenan recipe and lists the amounts of each ingredient in the recipe. 

Figure 4.4 Nutrition Label for Carrageenan  
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4.3.5 Locus Bean Gum  

The following nutrition label shows all major nutrients that are found in the locust 

bean gum recipe.  Some vitamins and minerals are also listed in the statement. 

 

 

The amount of calories had significantly decreased from the original recipe along 

with the total fat and cholesterol.  The total amount of carbohydrates has remained about 

the same.  Appendix A.5 shows the ingredients that are found in the locust bean gum 

recipe along with the amounts of each ingredient in the recipe. 

Figure 4.5 Nutrition Label for Locus Bean Gum  
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4.3.6 Guar Gum  

The following nutrition label shows all major nutrients that are found in the guar 

gum recipe.  Some vitamins and minerals are also shown on the label. 

 

 

The amount of calories had significantly decreased from the original recipe.  The 

total amount of fat and cholesterol had also decreased.  The amount of carbohydrates had 

remained the same.  Appendix A.6 shows the ingredient statement for the guar gum 

recipe.  The amounts of each ingredient are also listed. 

Figure 4.6 Nutrition Label for Guar Gum  
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4.3.7 Carrageenan 1 Modification      

The following nutrition label shows all major nutrients that are found in the 

carrageenan modification 1 recipe.  Some vitamins and minerals are also found on the 

label. 

 

 

The amount of calories had significantly decreased from the original recipe.  The 

total amount of fat and cholesterol had also decreased.  The total amount of 

carbohydrates had remained about the same.  Appendix A.7 shows the ingredient 

Figure 4.7 Nutrition Label for Carrageenan 1 Modification  
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statement for the carrageenan modification 1 recipe.  Total amounts of each ingredient 

are also listed. 

 4.3.8 Carrageenan 2 Modification 

The following nutrition label shows all major nutrients found in the carrageenan 

modification 2 recipe.  Some vitamins and minerals are also shown on the label. 

 

 

Figure 4.8 Nutrition Label for Carrageenan 2 Modification  
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The amount of calories had significantly decreased from the original recipe.  The 

total amount of fat and cholesterol had also decreased while the total amount of 

carbohydrates had remained about the same.  Appendix A.7 shows the ingredient 

statement for the carrageenan modification 2 recipe with all of the amounts of the 

ingredients shown. 

4.3.9 Carrageenan 3 Modification 

The following nutrition label shows the major nutrients that are found in the 

carrageenan modification 3 recipe.  Some vitamins and minerals are also shown. 
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The amount of calories had significantly decreased from the original recipe.  The 

total amount of fat and cholesterol had also decreased while the amount of carbohydrates 

has remained about the same.  Appendix A.8 shows the ingredients that are found in the 

carrageenan modification 3 recipe.  The amounts of each ingredient are also shown. 

  

Figure 4.9 Nutrition Label for Carrageenan 3 Modification  
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Chapter 5 

SUMMARY AND CONCLUSION 

It has been shown through various tests that a scone product can be made that is 

lower in fat and will still have some of the same qualities as a normal product.  By 

removing the fat from the scone, it can be shown that the texture will change but certain 

factors can attribute to getting the texture back to the original product.  Certain gums 

have shown promise in mimicking the characteristics that can play a role in a desirable 

texture for the product.  Along with squash, carrageenan has shown that it can be used as 

a texture enhancer and can lead to a product that is the most similar to a full fat scone.  

While the other gums also provided a similar texture, carrageenan measures the closest to 

the original product.  It can also be noted that the manufacture’s suggestion of 

carrageenan is sufficient in making this product and all other variations using differing 

amounts of carrageenan do not compare as nicely as the suggested amount.  Further 

testing can be done by adding the flavoring agents back into the product and doing some 

other types of testing, such as a taste panel.  With the obesity epidemic becoming more of 

a growing concern in the United States low fat products, like a carrageenan/squash 

infused scone, can help lead to a lowering in the number of obese persons.  It is with hope 

that the population would choose a low fat option if it were available.  Products like the 

carrageenan scone can help consumers enjoy a low fat option by keeping a similar 

texture.  Having a product with a similar texture to a full fat product can help its chances 

of being chosen and being enjoyed by the consumer.   
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Appendix A 

 

 

 

 

 

A.1 Ingredient Statement for Original Recipe 

A.2 Ingredient Statement for Control A  
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A.3 Ingredient Statement for Control B  

A.4 Ingredient Statement for Carrageenan  
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A.5 Ingredient Statement for Locust Bean Gum  

A.6 Ingredient Statement for Guar Gum  
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A.7 Ingredient Statement for Carrageenan 1 Modification  

A.8 Ingredient Statement for Carrageenan 2 Modification  
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A.9 Ingredient Statement for Carrageenan 3 Modification  
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