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Abstract

New chemical mixtures are constantly coming out to substitute compounds that cause health problems; sodium chlorides effect on hypertension is a great example. With a growing population with high blood pressure, recipe modifications have increased in popularity. The main focus of this experiment was on French Onion soup and the broth used. The original recipe called for condensed beef broth, which is high in sodium, other variables used included regular beef flavored bouillon cubes, reduced sodium beef broth and sodium free beef flavored powder. Since taste is an important factor, the sodium free powder (p= .018) and reduced sodium broth (p=.025) showed significant differences which makes researchers think about other ways to manipulate the broth so taste is not sacrificed. The regular (p=.000), reduced (p=.000) and sodium free beef broths (p=.000) all showed significant difference in pH compared to the condensed beef broth. Other components such as mouth feel, visual texture, pH and melting time were also recorded to determine differences of sodium content in beef broth. 
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Introduction


Hypertension is a growing epidemic around the world that can be manipulated by drug and nutrition therapy. Hypertension refers to a consistently high blood pressure, measured based on diastolic and systolic pressures (American Heart Association, 2013). The risk factors for hypertension include age, genetics, obesity, salt sensitivity, or high alcohol consumption (Whitney and Rolfes, 2011). Testing recipes high in salt is important to people with hypertension because salt reduction is part of nutrition therapy. 

Throughout the experiment the independent variable was beef broth that was used in French Onion Soup Gratinee. The sodium content in the broth was altered by using different beef flavored broth products, such as bouillon cubes, flavored powder and broth. The dependent variables used include visual texture, taste, mouth feel, pH and melting time. These were chosen to determine the differences in possible preference of soup with lower sodium content than the control. 
The article by Zanardi, Ghidini, Conter and Ianieri (2010) discussed sodium chloride and other salt replacements, which gave insight to compositional, physiochemical and sensory property changes within the same recipe. In the article Zanardi et al. (2010) mention that salt is an important part of taste and texture.  Zanardi et al. (2010) referenced (as cited in Paik, Wendel and Freeman, 2005) there was a relationship between consumption of high-sodium foods and high rate of hypertension diagnosis. Ball, Woodward, Beard, Shoobridge and Ferrier (2002) discuss the taste characteristics improving with the use of sodium substitutes. The knowledge that other scientists have found sodium chloride substitutes that improve the taste of other foods is good news to those trying to reduce hypertension. 
Some articles talked about the dependency of sodium with the increasing individuals salt tolerance. Kim and Lee (2009) talk about long term sodium increase and the correlation of the preference of high sodium foods. Bertino, Beauchamp, and Engelman (1982) noted the opposite of Kim and Lee (2009), suggesting that reducing sodium intake alters the intensity of sodium perception (Bertino et al. 1982). Hooks, O’Brien and Zallen (1990) compares the audience consuming high sodium products, which concluded that increasing age reduces the ability to taste salt, and increases salt preference.
The setting for this experiment took place at Indiana University of Pennsylvania, in the experimental foods laboratory. In this foods laboratory there are several test kitchens which the soup was prepared in. Both subjective and objective tests were performed in the food lab. Sensory testing was set up in the same room as test kitchens, at tables with visual blockers at each seat. The purpose of this experiment was to determine the effects of reducing sodium on mouth feel, taste, visual texture, melting time and pH in French Onion Soup Gratinee. 

Research Questions and Hypotheses
Research Questions:
1. Will the decrease in sodium make the beef broth more acidic?
2. Will the decrease in sodium increase the defrost time?
3. Does the sodium decrease the visual texture of the broth?
4. Is the flavor compromised due to the reduction in sodium?
5. Does the reduction of sodium in the beef broth increase the watery characteristic?
Hypotheses:

1. H₁: Decreasing the sodium in French onion soup will significantly decrease pH levels

H₀: decreasing the sodium in French onion soup will not significantly decrease pH levels
2. H₁: Decreasing sodium in French onion soup will significantly decrease defrost time

H₀: decreasing sodium in French onion soup will not significantly decrease defrost time.

3. H₁: Decreasing sodium in French onion soup will significantly decrease the flavor.
H₀: Decreasing sodium in French onion soup will not significantly decrease the flavor.

Review of Literature

The focus of the Review of Literature is to explore of sources that relate to the dependent variables used in this particular experiment, which include visual texture, taste, mouth feel, pH, and melting duration. The taste is most likely the most critical characteristic to note throughout the discussion. Another point to observe is that some of the sources do not reflect soup as an experimental medium, rather meats and frozen meals.

Hypertension and Sodium

Hypertension is a condition that is described as high blood volume (Whitney and Rolfes, 2011). Typically to help resolve this disease, a healthcare professional would recommend a decrease in daily sodium intake (Whitney and Rolfes, 2011). According to McGee, (2012) sodium chloride is an essential part of the body, but large amounts can be harmful. The interaction between blood and sodium chloride (NaCl) are incorporated into the plasma throughout the body; when high sodium chloride is consumed, the volume of plasma increases (Mahan et al., 2011). The body has the same requirement of fluid circulation and excess pressure in the arteries can cause scarring and other complications, which is how hypertension can become life threatening (McGee, 2011). Other complications can occur from long-term, untreated hypertension as well as a stroke, chronic heart or renal disease (American Heart Association, 2013). In certain populations such as Western culture, foods high in sodium are common; therefore knowledge of the correlation between sodium and hypertension is important. According to the American Heart Association about 77.9 million people in the United States suffer from hypertension, as of 2013 (American Heart Association, 2013). 
pH testing


The first dependent variable was the pH variation test. The object is to determine the relationship between sodium components and the acidity or alkalinity of the broth in French Onion soup. The pH value can influence the consumers’ preference. Sodium chloride is composed of an ionic bond which is described by McGee (2012) as one atom completely taking an electron away from another atom (sodium give chloride its electron making the chloride atom neutral) (McGee, 2012). Sodium chloride does not break apart in water solutions; therefore a change in pH is not expected (McGee, 2012). The results of pH variety may be the result of other ingredients in the solution. With the prediction that pH is not affected by sodium chloride, there may be a correlation with the basic broth (control pH= 12) and the lack of bitter taste because of the high sodium content (Neta et al. 2009). Neta et al. (2009) talk about taste receptors being overwhelmed with signals that the salty taste wins over bitter taste (originally cited by Ogawa, 1968). 
Melting Time


The next observation conducted were the changes in frozen beef broth and the room temperature. As Margaret McWilliams (2012) observed when ionized salt is added to water, the temperature to freeze decreases, similarly, the boiling point of a high sodium water solution is going to be higher than just a water solution. The samples were spread out and left at room temperature to thaw (McWilliams, 2012). The combination of salt and sugar affect the freezing point of the solution (McWilliams, 2012). McWilliams then discusses the result of sprinkling salt on ice and the chemical reaction resulting in pockets where the sodium chloride comes in contact with the ice. The sodium in the case of frozen soup is mixed throughout. McWilliams suggests that other components may affect freezing and thawing (McWilliams, 2012).
Sensory Testing

There were a series of trained panelists, once a week for four weeks, which sampled the control and three variables; each panelist was given a scorecard that asked for sensory evaluations of the soup. The first sense to evaluate is the visual texture of the soup. This particular soup uses butter to sauté the onions in the beginning of the cooking process (Good Housekeeping Cookbook, 2001) which is the result of oil on top of the soup during serving time. The actual appearances of the soups vary in color. The panelists were asked to observe the thickness or thinness of the broth. Rosett et al. (1994) mention salt does not alter the thickness of soup, but there are other factors such as gums that change the consistency of soups at different temperatures (Pangborn et al. 1973). In this experiment, the sodium is the concentration the researchers are interested in; therefore this information reflects other questions that may arise. 

Visual Texture


Although visual texture does not directly interact with sodium consumption, it does impact preference. Zanardi et al. (2010) noted the different appearances that correlated with the Italian salami used in that particular study. Rosett, Hamill, Morris and Klein (1990) suggest that sodium chloride does not alter the consistency of soup, but additives such as various gum substances do. Others may argue that the color can be changed by the concentration of caramel color used. 
Taste

Taste is an important factor to keep similar to the original and help transition without undergoing sodium withdraw. Several studies have demonstrated the effect of sodium reduction and sodium tolerance of different time periods. In Kim and Lee’s (2009) particular study, Korean food and sodium consumption was observed. It is mentioned that every person has a particular salt threshold, in which sodium is consumed and the level of tolerance. Over time, humans can become more tolerant of sodium, which has shown in the increase of sodium consumption across the world (Mitchell et al., 2009). The researchers have also determined that the increase in sodium consumption is not just because it tastes good, but “consumers lack nutrition knowledge” (Kim and Lee, 2009). Another study that observed taste and sodium content (and monosodium glutamate) was performed by Ball et al. (2002). This study concluded along with others that soup with low sodium levels do not have as much flavor or appeal (Ball et al., 2002). The four variable broths contain some form of flavor enhancer, whether it is monosodium glutamate, calcium diglutamate, or monoammonium glutamate (Ball et al., 2002).  In the study conducted by Bertino et al. (1982), a subject noticed an intense craving for sodium on a very sodium restricted diet. This was a concern for researchers, the subject was not on a sodium restricted diet because of health reasons, but assuming the same conditions would apply to a patient with hypertension, it is important for researchers to find a comparable diet to avoid excessive salt consumption. Kim and Lee (2009), Ball et al (2002), and Bertino et al (1982), all express that sodium reduction can lead to possible compensation which can interfere with diagnosis of hypertension. 

Mouth Feel

Mouth feel is another important aspect to consumerism; if a texture is unappealing, then the product will not be eaten. Similarly stated in Rosett et al. (1990) article, sodium did not have an effect on the viscosity, rather the gum or other thickening agent added into the ingredients. In the study completed by Hooks et al. (1990), study shows that taste receptors of the elderly are not as accurate as young adults. This especially puts the elderly at a much higher risk of hypertension because they may have a high taste tolerance or do not have the same taste receptor interaction (Hooks et al., 1990). Since the elderly are already at high risk of hypertension, this increases the need to determine the change of mouth feel in high sodium foods (Hooks et al., 1990). Farahnaky et al. (2008) discussed sodium chloride as an additive in baked products and the interaction of sodium chloride, starch and sugar. This research suggests that can alter the appearance and texture of the baked products, but not directly correlated to soup.
The sodium content decreased with each variable used, as other aspects like flavor enhancers such as potassium chloride, monosodium glutamate and calcium chloride increased. As previously mentioned, this is to visually and orally appeal to consumers that need to reduce sodium (Ball et al. 2002). The object of this experiment is to decrease the amount of total sodium without compromising flavor, mouth feel and appearance for the panelists. 
Methodology
Overview

The recipe for this experiment was from Good Housekeeping Illustrated Cookbook (2001) page 130, for French Onion soup Gratinée. Four versions of the soup were prepared to test several differences in the quality of the soups after the sodium content was manipulated. Melting time and pH were the objective tests used to calculate differences in broth quality due to the sodium content. Subjective tests were administered to trained panelists; these included visual appearance, taste and mouth feel. 

Some alterations were made to the recipe to maximize the flavor of the sodium in the broth. The original recipe called for “red cooking wine,” “loaf of French bread,” and “Swiss cheese.” The version that was used in this experiment did not include these ingredients. Several versions of the soup were made to reflect the disease association in mind, with hypertension, sodium reduction is important therefore variable 1 was beef flavored bouillon cubes, variable 2 was reduced sodium beef broth and variable 3 was sodium-free beef flavored powder. Another change to the recipe was converting the English measurements to metric measurement and weight. To do this, the USDA handbook 8 was used to not only determine the mathematical differences but the alterations in nutritional content due to the change in one ingredient. 

The materials needed for this experiment include: 4 pots with lids, small scale with metric units (AWS-SC-150 ), a large scale with metric units (Dune- ae-Adam), four medium sized bowls, a cutting board, one chef knife, four spoons, eight small bowls, a timer, and eight 500 mL glass graduated cylinders. The cooking apparatus used was an electric stovetop. During the objective tests, pH strips, four small bowls, and plastic wrap; a permanent marker and timer 
	Table 1

U.S. measurement of ingredients converted to metric units


were used.  A freezer was needed to conduct the defrost test. 

	Ingredient
	US measurement
	Metric conversion

	Butter
	2 Tablespoons
	28.4 grams

	Large onion, sliced
	2 cups
	454 grams

	Sugar, granulated
	½ teaspoon
	2.1 grams

	All-purpose flour
	1 ½ teaspoon 
	4.0 grams

	Water
	1 ¼ cup
	296.3 milliliters

	Condensed beef broth
	10.5 oz.
	310 milliliters


Note: USDA Handbook 8 was used to convert the U.S. measurements to metric. This table also depicts a halved recipe, which is what was used for in the experiment________________
Table 1 U.S. Measurements of Ingredients Converted to Metric Units_______________
Control recipe

The preparation of the control soup started with measuring all the ingredients before preparation. The butter was measured to 28.4 grams. Next, the onions were peeled and cut into halves, quarters then into slices. Place bowl on top of the scale, tare the empty bowl until the scale reads “0.0 g.” After this occurred, begin to add raw onions to bowl until 454 g was measured. Place both butter and onions in the medium pot on the stove. Let ingredients sit until everything else was measured and weighed. Next, place small bowl on top of the scale and press tare, until it reads 0.0 g. Spoon granulated sugar into bowl until the scale reads “2.1 g.” Repeat this step, replacing sugar with all-purpose flour. The scale was read “4.0 g” for flour. Next was the water measurement, 296 mL of water were required for this recipe. In a 500 mL graduated cylinder, pour water until 296 mL read on the between the lines. The final ingredient used was the condensed beef broth. This was the control ingredient, Campbell’s condensed beef broth, the halved recipes calls for 310 mL. With all the ingredients measured and weighed out, the pot was placed on the stovetop, turned on medium-high heat. The butter and onions were placed in the pot for 10 minutes, with occasional stirring with a wooden spoon. After the timer went off the flour and sugar were mixed into the hot onion and butter pot with the same wooden spoon. Subsequently the liquids were added to the potted mixture; the recipe requires the soup to boil, and then reduce the heat to low, the soup simmered for 10 minutes. Once the timer went off, the soup was ladled into cups with specific three-digit numbers and given to trained panelists for subjective testing. Since the soup was served right away, there was no concern for holding the temperature hot.

Variable 1- Bouillon Cubes


Variable 1 consists of a store brand beef flavored bouillon cube rather than condensed soup. The primary differences between the control and the following recipe were the method of measuring the liquid, the amount of water used and the added instruction to dissolve the bouillon cube. The ingredients that remained the same quantities and preparation were butter (28 g), 454 g of the sliced onion, 2.1 g of granulated sugar, 4 g flour and 296 mL of water remain common throughout all four recipes. The alteration that was made this version were 310 mL of warm tap water was added into a graduated cylinder beforehand. Next, the bouillon cube was weighed on a scale. The amount used was 5.2 g of seasoning. Once weighed, the seasoning was placed in the graduated cylinder to dissolve. The seasoning and water sat in the cylinder for 10 minutes while the onions were cooking; when the timer went off, the seasoning was still in solid form but slightly dissolved. The cube and water mixture were then added to the pot when the recipe called for additional liquid for boiling, then simmering. This recipe took the same amount of cooking (10 minutes) and simmering time (10 minutes) as the control recipe.
Variable 2- Reduced Sodium Beef Broth


Variable 2 used College Inn reduced sodium beef broth. This ingredient came in liquid form; therefore the 310 mL liquid was this particular broth. The broth was measured in the 500 mL graduated cylinder before cooking began. When the timer went off and called for the liquid portion, this broth and 296 mL of water were added to the pot and boiled then simmered. Cooking the onions took 10 minutes, and simmering the soup took another 10 minutes. 


Since the same amount of fluid was used as the control recipe, the volume of the broth was the same in both recipes. The difference between this version and the control is that the broth is a yellow to light brown color, compared to the darker brown color of the control soup. 

Variable 3- Sodium-free Beef flavored powder


Variable 3 was another bouillon powder, Herb-Ox sodium-free beef flavored powder. 310 mL of water was added to the graduated cylinder and the 5.2 g of powder was measured on the scale, similar to the process of variable 1. Variable 3 was also placed in a 500 mL graduated cylinder with warm water until the recipe called for the liquid. The onions took 10 minutes to cook, followed by the quick boiling liquid, then 10 minute simmering. 


The primary similarity is that these recipes take the same amount of time for preparation, cooking, and serving. The main difference is the appearance in color and thickness.
Objective Evaluation


For objective evaluation the pH of the broth and the melting time were measured to determine differences across the sodium values in each recipe. According to McWilliams in Food: Experimental Perspective, the amount of salt in a liquid or solid can contribute to the change in physical states (McWilliams, 2012). The sodium content in a liquid that was freezing required a lower temperature than water. The four broths were tested to determine the difference in melt time to confirm this statement. After each soup was cooked, there was a 30 minute time period for cool down for the leftover broth. 100 mL of the remaining broth was poured into a small bowl, covered in plastic wrap, variable number written on wrap and placed in a freezer.  The next meeting period (one week later) the broth was taken out of the freezer and the temperature was recorded in each sample. Set the soup out at room temperature. A timer is set for 5 minute increments. Every time the alarm went off, visual appearance and temperature were recorded. This process was continued until the broth is completely liquid.  


In chemistry, pH is the measurement of hydrogen and hydroxide concentration (McGee, 2012). The pH in this case was used to show the chemical differential in the broth. After the soup cools for 30 minutes, the ladle was used to scoop broth out of the pot to test the pH value used pH test strips. The strips were dipped half way into the liquid and placed aside. The data was recorded right away for the best results. The pH was tested on the same day as the soup preparation to avoid possible contaminations. A different ladle was also used in each soup to avoid cross contamination and skew the data.

Panelist Training


The panelists sampled four soups per day, once a week for four weeks. Prior to the taste testing, there was a taste training session. In a class of all female participants, five female students took part in a sensory panel. Before the panelists were able to take part in sensory evaluation, the panelists had undergone testing with milk and cookie samples. After the discussion there was a lesson on evaluating behaviors such as coating the mouth with the food, cleansing the palate with water in between different variables, and disregarding food dislike bias.  


During evaluation the panelists sat in one row next to each other, with cardboard separators. The testing room was conjoined with the cooking area.  The panelists were presented with the four variables at once, with three digit numbers that correspond with the sensory scorecard. Each week the numbers assigned to the variables were switched to reduce the likelihood of skewed data.
Sensory Evaluation


The panelists were chosen within the Experimental foods lab class at Indiana University of Pennsylvania. Five panelists were selected at random to sample the soup each week, for three weeks. The panelists were set up in tasting stations surrounded by dividers to avoid skewed judgment from other panelists. Panelists were given a sensory scorecard with three variables to grade on a Likert scale. In this particular experiment, the visual appearance, taste and mouth feel were charted. For the visual appearance portion, subjects were given 1 which equated a watery description, 3 was semi-watery and 5 was thick. Next was the taste of the soup, 1 was bland, 3 was semi-salty and 5 was salty. The last sensory evaluation was mouth feel, 1 equated thick feel, 3 was semi-thin and 5 was thin feel. Each panelist was given a scorecard, spoon, four cups with numbers that correspond with the scorecard, and a glass of water. There was no time limit for the panelist and no contact between panelist and tester during evaluation. After the panelists completed the samples, the scorecards are placed at the end of the table, faced down. When the test period was over, the professor distributed the scorecards to the corresponding tester. 


[image: image1]
Figure 1: Sensory Scorecard. This is the scorecard was used to collect sensory evaluation

 data each week during the experiment_________________________________________
Figure 1 Sensory Scorecard___________________________________________________

SPSS

Key for factor column: 1 = control; 2 = variation 1; 3 = variation 2; 4 = variation 3

1.  Open document “FDNT 362 Template”. Bottom left-hand corner – click on variables view.

2. In the values column, click in the right-hand corner of the 2nd (factor) row.  A box will appear titled value labels.  You will need to change the values to match your experiment.  Keep 1 = control the same; change 2, 3 & 4 to match your variables.  In the value box, type “2”.  In the label box, type (blank). Click the add button.  The message will ask if you want to replace – click ok. Continue for variables 3 & 4.

3. Under the labels column, rows 4 – 14, you will need to change the labels to match your experiment.  Please keep week1; week 2; week 3 the same.

4. In the lower left-hand corner – click on data view.

5. Leave the columns judge; factor; and week alone.  No data will be entered in these columns.

6. Begin entering data collected for week one.  You will need to separate your scorecards out by judge (for week one).  Also, you will need to know which data is for your control; variation one; variation two; and variation 3. Enter in your data for judge #1, week #1; then judge #2, week #1; then judge #3, week #1; etc.

7. Continue for week #2 & week #3.

8. When you are completely finished entering in sensory data, you may enter objective data.  Begin entering data for objective #1 in row 21, column objective 1.

9. Separate your objective data as follows: Control data for weeks 1, 2, 3; Variation #1 data for weeks 1, 2, 3; etc.  

10. Continue for objective #2 data.

11. Once all data has been entered, you will need to compute the averages for your sensory data.  Open document “FDNSyntax Template2”.  With your cursor, highlight lines 30-33 (beginning with compute, and ending with execute).  

12. In the toolbar, click on run and selection.

13. Bring up your data template.  You should see the averages for your sensory variables in the far right-hand column.

One-way ANOVA: Judges
1. Click on analyze – compare means – one-way ANOVA.

2. Dependent list: Select sensory1ave from left-hand column – click on arrow button to add.  Repeat for sensory2ave and sensory3ave.

3. Factor: add judge from left-hand column.

4. Click posthoc button; click tukey – continue - ok.

5. Review the ANOVA box.  In the “Sig.” column, are any of your values less than .05?

a. Yes: there were discrepancies with your judging.

b. No: your judges were consistent in their evaluation of sensory characteristics.

If yes – review the box multiple comparisons, “Sig.” column.  Any value(s) less than .05 indicates discrepancies between judges with the sensory characteristics.

You will print this output!  Only print the ANOVA and multiple comparison boxes.

If you said “yes” to the first ANOVA test, skip to the directions for one-way ANOVA: objective comparison.
One-way ANOVA: recipe comparisons
1. Repeat steps 1 & 2.  For factor – add factor.  

2. Click posthoc button; click tukey – continue - ok.

3. Review the ANOVA box.  In the “Sig.” column, are any of your values less than .05?

c. Yes: There were significant differences between your control recipe and your variations, in terms of sensory characteristics evaluated.

d. No: There were no significant differences between your control recipe and variations in terms of sensory characteristics evaluated.

If yes – review the box multiple comparisons, “Sig.” column.  Focus on the sensory variable average where significance was identified.  Any value(s) less than .05 indicates significant differences for a particular sensory variable, between specific recipe(s).  

You will print this output. Only print the ANOVA and multiple comparison boxes.

One-way  ANOVA:  objective comparison
1. Click on analyze – compare means – one-way ANOVA.

2. Dependent list: Select Objective Name [Objective 1] from left-hand column – click on arrow button to add.  Repeat for Objective Name [Objective 2].

3. Factor: add factor from left-hand column.

4. Click posthoc button; click tukey – continue - ok.

5. Review the ANOVA box.  In the “Sig.” column, are any of your values less than .05?

a. Yes: there were significant differences between your products – review the box multiple comparison, “Sig.” column.  What specific variables were significantly different than the variable being compared?

b. No: your data was not significant for that objective test. This means that each variable was similar – which is a good thing for ingredient substitutions.

If yes – review the box multiple comparison, “Sig.” column.  Any value(s) less than .05 indicates discrepancies between judges with the sensory characteristics.

You will print this output. Only print the ANOVA and multiple comparisons boxes.


After the experiment was completed, the data was recorded in SPSS and production significant and non-significant figures for analysis. This data is interpreted in the results section and analyzed in the discussion section. 
Results


The objective tests were judged by a series of randomly chosen panelists in the Experimental Foods class. Each week five panelists were selected to sample the French onion soup in an enclosed area to assure privacy. Each panelist was given a scorecard with a matching chart to identify specific characteristics which were picked before the experiment was started. After the three weeks of collecting and recording data, the figures were put into SPSS and the results are below. See table 2 for means and p-significance comparisons amongst the variables.
Visual Texture

The visual texture of regular beef broth (p= .117) was not significantly different from the control, condensed beef broth. Reduced sodium beef broth (p= .008) and sodium free beef broth (p= .001) were significantly different from condensed beef broth. 
Taste 


The taste of regular beef broth (p= .187) was not significantly different from the control, condensed beef broth. The other variables, reduced sodium beef broth (p= .025) and sodium free (p= .018) were significantly different from the control, condensed beef broth. 

Mouth Feel


The mouth feel of regular beef broth (p= .289), reduced sodium beef broth (p= .105) and sodium free beef broth (.998) was not significantly different from the control, condensed beef broth.
	Table 2

Table of Means for Dependent Variable: Sensory Evaluation

	Dependent Variable
	Condition
	Means
	P-significance

	Visual Texture
	Control

Regular beef broth

Reduced Sodium beef broth

Sodium -free beef broth
	2.932

2.734

2.27

1.87
	----

0.117

0.008

0.001

	Taste
	Control

Regular Beef Broth

Reduced Sodium Beef Broth

Sodium-free Beef Broth
	3.064

2.20

1.868

1.802
	------

0.187

0.025

0.018

	Mouth Feel
	Control

Regular Beef Broth

Reduced Sodium Beef Broth

Sodium-free Beef Broth
	2.798

3.400

3.600

4.132
	------ 

0.289

0.105

0.998


Note: SPSS was used to create averages from three consecutive weeks data for each sensory evaluation. Significance considered as p < 0.05. Control is being compared to the three variables.
Table 2 Table of Means for Dependent Variables: Sensory Evaluation​​                                          .
Discussion
Visual Texture


The visual texture of soup is important because the dish needs to be visually appealing. If the patient can see a difference in the soup, there can be patient refusal because they know that there is a difference. The visual texture of regular beef broth (p= .117) was not significantly different from the control, condensed beef broth. This is helpful because there is less sodium in each serving of soup, but there is not a difference in the visual texture of the control and the first variable. Reduced sodium beef broth (p= .008) and sodium free beef broth (p= .001) were significantly different from condensed beef broth. Since both of these variables can out under .05, this shows that there is a difference in the visual texture in reduced sodium broth and sodium free broth compared to the condensed broth used in the control. Looking back at one of the proposed research questions, does the sodium decrease the visual texture of beef broth? Zandari et al. (2010) noted the slight decrease in sodium did not change the visual texture, but the greater the decrease in sodium, the greater the difference in visual texture. Zandari et al. (2010) researched the correlation of calcium chloride effect on color, causing the variable to be lighter than the control (originally citied in Boyle, Addis, and Epley, 1994)
Taste 

The taste of regular beef broth (p= .187) was not significantly different from the control, condensed beef broth. Similar to visual texture, the first variable (regular beef broth) did not show significant difference, but as the sodium decreased, the taste decreased. The other variables, reduced sodium beef broth (p= .025) and sodium free (p= .018) were significantly different from the control, condensed beef broth. There were two research questions that can be address with taste, “is the flavor compromised due to the reduction of sodium?” and “does the reduction of sodium in the beef broth increase the watery characteristic?” To address the first question, “is the flavor compromised due to the reduction of sodium,” the answer may be yes. Although preference was not asked, the results reflect that the control version had the highest rating of salty taste; if the tolerance theory proposed by Kim and Lee (2009) is accurate, the control should be the preferred.  As the sodium content decreased, the vote for bland taste increased. Looking at Figure 2, the reader can see that the taste decreases across the board. Reduced sodium and sodium free broth both show a significantly lower taste concentration, resulting in a bland characteristic. According to the statistical data in this research, the hypothesis (decreasing sodium in French onion soup would significantly decrease the flavor) would be rejected when comparing to the control to the regular beef broth. When comparing the control to reduced sodium broth and sodium free broth, the null hypothesis would be rejected. 
Mouth Feel


The mouth feel of regular beef broth (p= .289), reduced sodium beef broth (p= .105) and sodium free beef broth (.998) was not significantly different from the control, condensed beef broth. This data suggests that the sensory panelists did not detect a difference in mouth feel among the four variables. 
pH

The pH of regular beef broth (.000), reduced sodium beef broth (.000) and sodium free beef broth (.000) show a significant different when compared to the control, condensed beef broth. When recording the data, the pH of the control broth was 12 consistently. The other variables were around 7. Although the pH is different in the control, the cause is unknown. Sodium chloride should not alter the pH because it does not contain hydrogen or hydroxide molecules that would change the pH. It is possible that other causes relating to other varying ingredients could change these numbers. Other ingredients that may need further research include salt substitutes such as calcium chloride, potassium chloride and magnesium chloride or flavor enhancers like monosodium glutamate or calcium digluatmate (Zanardi et al. 2010).
Melting Time

Regular beef broth (.997) and reduced sodium beef broth (p=.482) do not show a significant difference in melting time when compared to the control. Sodium free beef broth (p=.004) showed a significant difference when compared to the control. When analyzing the hypothesis decreasing sodium in French onion soup will significantly decrease defrost time, the regular and reduced broth would reject the null hypothesis since the P-value is >.05. This is logical because the three variables that contain sodium chloride from broth as noted in Appendix A. The melt duration correlates with data noted by McWilliams (2012) sodium requires a different temperature than water.
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Figure 2: Bar graph comparing the sensory averages to each variable. ______________________
The visual texture and taste decrease as the sodium content decreases. The mouth feel increasing as the sodium is reduced is due to the increase in thin mouth feel. The control is the thickest mouth feel. 
Limitations of Study


During the research process there are only so many things that can be controlled, while others can be impossible to manipulate. The first limitation noted during the experiment was the inability to control the weather. During one of the testing weeks the college shut down due to snow; this resulted in the frozen soup sitting in the freezer for two weeks. The next limitation was the sample size used. The class has 11 members including the professor, resulting in limited variation of taste perception, also some participants wrote notes on the scorecard that the data may be skewed due to illness. A personal limitation was the preference for the same medium. The end result seemed to vary in quantity; the experimenter wished for either broth or a form of powder, this can also be a result of limited variation at the store which the ingredients were purchased. The final limitation noted by the experimenter was that there were multiple differences in the ingredients in the dependent variables. While the point of the focus of the experiment was on sodium, there were other additives that could have altered the results. More research could have linked the additives to possible changes in outcome.
Recipe Modification


In the sense of mathematics, the recipe modification worked. English to Metric conversions were used to assure accuracy when preparing and measuring ingredients. The USDA Handbook 8 is a computer generated program to match various ingredients with extensive nutritional information. This may have not been 100 percent accurate because it based on product averages. To make the independent variables more accurate, the actual nutrition label was used. Since the nutrition label does not include as much detail as the USDA Handbook 8, some information could be missing for a complete nutrient analysis. The color of the soups also differed, which could skew the panelists opinions. The control was a dark brown color; while the regular beef broth and sodium free beef broth had a yellow color. These are little aspects that do not contribute to the point of the experiment, which is to test broths that have different quantities of sodium, which were accurate.
Conclusion

As long as there is science, there will always be more questions. Observing the differences in sodium content in broth can create more questions while answering others. The research has generated some findings to make these questions more clear, such as the significant difference between  the control and the other three variables (p=.000) when testing pH, a significant difference in melting time between the sodium free (p=.004) and the control.  The largest contribution to this experiment had to be the result of noteworthy difference in taste; the sodium free (p= .018) and reduced sodium broth (p=.025) compared to the control. Although these ingredients are ideal for a person with hypertension, the taste difference may be too great, a suggestion for the future would be to look for similar products without a drastic change in sodium, or ask panelists for preference. 
. 
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Appendix A – USDA Handbook 8- French Onion soup Gratinee- Control- Condensed Beef broth


	
	Salted Butter
	Onion-sliced
	Sugar- gran.
	All-purpose flour
	Water
	Condensed beef broth
	Total

	Amount needed
	28 g
	230 g
	2.1 g
	3.91 g
	300mL 
	310 mL
	-----------------

	Energy (kcal)
	143 kcal
	64 kcal
	8 kcal
	14 kcal
	0
	40 kcal
	269 kcal

	Protein
	0.92 g
	1.76 g
	0
	0.40 g
	0
	7.81 g
	10.89 g

	Total lipid
	15.43g 
	0.16 g
	0
	0.04 g
	0
	0
	15.63 g

	Saturated fat
	9.61 g
	0.097 g
	0
	0.006 g
	0
	0
	9.713 g

	Monounsaturated fat
	4.46 g
	0.030 g
	0
	0.003g
	0
	0
	4.493 g

	Polyunsaturated fat
	0.573g
	0.039 g
	0
	0.016 g
	0
	0
	0.628 g

	Cholesterol
	30 mg
	0
	0
	0
	0
	0
	30 mg

	CHO by difference
	0
	21.48 g
	2.8 g
	2.99 g
	0
	2.60 g
	29.87 g

	Fiber
	0
	3.9 g
	0
	0.1 g
	0
	0
	4.0 g

	Sugars, total
	0
	9.75g
	2.79 g
	0.01 g
	0
	0
	12.55 g

	Calcium
	13 mg
	53 mg
	0
	1 mg
	9 mg
	22 mg
	98 mg

	Iron
	0.31 mg
	0.48 mg
	0
	0.18 mg
	0
	1.33 mg
	2.3 mg

	Magnesium
	1 mg
	23 mg
	0
	1 mg
	3 mg
	12 mg
	40 mg

	Phosphorus
	10 mg
	67 mg
	0
	4 mg
	0
	81 mg
	162 mg

	Potassium
	20 mg
	336 mg
	0
	4 mg
	0
	388 mg
	748 mg

	Sodium
	126 mg
	9 mg
	0
	0
	12 mg
	2151 mg
	2298 mg

	Zinc
	0.07 mg
	0.39 mg
	0
	0.03 mg
	0.03 mg
	0.03 mg
	0.55 mg

	Vitamin C
	0
	17.0 mg
	0
	0
	0
	2.2 mg
	19.2 mg

	Thiamin
	0.003 mg
	0.106 mg
	0
	0.031 mg
	0
	0.053
	0.19 mg

	Riboflavin
	0.020 mg
	0.062 mg
	0.001 mg
	0.019mg
	0
	0.071 mg
	0.17 mg

	Niacin
	0.006 mg
	0.267 mg
	0
	0.231 mg
	0
	1.798 mg
	2.3 mg

	Vitamin B-6
	0.003 mg
	0.276 mg
	0
	0.0002 mg
	0
	0.062 mg
	0.34 mg

	Folate
	0
	44 μg
	0
	11 μg
	0
	16 μg
	71 μg

	Vitamin B-12
	0.04 μg
	0
	0
	0
	0
	0.43 μg
	0.43 μg

	Vitamin A
	 475 IU
	5 IU
	0
	0
	0
	0
	480 IU

	Vitamin E 
	0.44 mg
	0.03 mg
	0
	0
	0
	0.03 mg
	0.50 mg

	Vitamin D
	11 IU
	0
	0
	0
	0
	0
	11 IU

	Vitamin K
	1.3 μg
	0.9 μg
	0
	0
	0
	0
	2.2 μg


French Onion soup Granitee – Variable 1 – Regular Beef Broth
	
	Salted Butter
	Onion-sliced
	Sugar- gran.
	All-purpose flour
	Water
	Beef broth
	Total

	Amount needed
	28 g
	230 g
	2.1 g
	3.91 g
	300mL 
	310 mL
	-------------

	Energy (kcal)
	143 kcal
	64 kcal
	8 kcal
	14 kcal
	0
	22 kcal
	251 kcal

	Protein
	0.92 g
	1.76 g
	0
	0.40 g
	0
	3.53 g
	6.61 g

	Total lipid
	15.43g 
	0.16 g
	0
	0.04 g
	0
	0.68 g
	16.31 g

	Saturated fat
	9.61 g
	0.097 g
	0
	0.006 g
	0
	0.341 
	10.05 g

	Monounsaturated fat
	4.46 g
	0.030 g
	0
	0.003g
	0
	0.279 g
	4.77 g

	Polyunsaturated fat
	0.573g
	0.039 g
	0
	0.016 g
	0
	0.031 g
	0.66 g

	Cholesterol
	30 mg
	0
	0
	0
	0
	0
	30 mg

	CHO by difference
	0
	21.48 g
	2.8 g
	2.99 g
	0
	0.12 g
	27.4 g

	Fiber
	0
	3.9 g
	0
	0.1 g
	0
	0
	4.0 g

	Sugars, total
	0
	9.75g
	2.79 g
	0.01 g
	0
	0
	12.55 g

	Calcium
	13 mg
	53 mg
	0
	1 mg
	9 mg
	19 mg
	95 mg

	Iron
	0.31 mg
	0.48 mg
	0
	0.18 mg
	0
	0.53 mg
	1.5 mg

	Magnesium
	1 mg
	23 mg
	0
	1 mg
	3 mg
	6 mg
	34 mg

	Phosphorus
	10 mg
	67 mg
	0
	4 mg
	0
	40 mg
	121 mg

	Potassium
	20 mg
	336 mg
	0
	4 mg
	0
	167 mg
	527 mg

	Sodium
	126 mg
	9 mg
	0
	0
	15 mg
	1153 mg
	1303 mg

	Zinc
	0.07 mg
	0.39 mg
	0
	0.03 mg
	0.03 mg
	0
	0.52 mg

	Vitamin C
	0
	17.0 mg
	0
	0
	0
	0
	17 mg

	Thiamin
	0.003 mg
	0.106 mg
	0
	0.031 mg
	0
	0.006 mg
	0.15 mg

	Riboflavin
	0.020 mg
	0.062 mg
	0.001 mg
	0.019mg
	0
	0.065 mg
	0.17 mg

	Niacin
	0.006 mg
	0.267 mg
	0
	0.231 mg
	0
	2.418 mg
	2.92 mg

	Vitamin B-6
	0.003 mg
	0.276 mg
	0
	0.0002 mg
	0
	0.031 mg
	0.31 mg

	Folate
	0
	44 μg
	0
	11 μg
	0
	6 μg
	61 μg

	Vitamin B-12
	0.04 μg
	0
	0
	0
	0
	0.22 μg
	0.26 μg

	Vitamin A, IU
	 475 IU
	5 IU
	0
	0
	0
	0
	480 IU

	Vitamin E 
	0.44 mg
	0.03 mg
	0
	0
	0
	0
	0.47 mg

	Vitamin D
	11 IU
	0
	0
	0
	0
	0
	11 IU

	Vitamin K
	1.3 μg
	0.9 μg
	0
	0
	0
	0
	2.2 μg


French Onion Soup Granitee – Variable 2 – Reduced Sodium Beef Broth
	
	Salted Butter
	Onion- sliced
	Granulated  sugar
	All-purpose flour
	Water
	Reduced sodium beef broth
	Total

	Amount needed
	28 g
	230 g
	2.1 g
	3.91 g
	300mL 
	310 mL
	---------

	Energy (kcal)
	143 kcal
	64 kcal
	8 kcal
	14 kcal
	0
	130 kcal
	359 kcal

	Protein
	0.92 g
	1.76 g
	0
	0.40 g
	0
	10.11 g
	13.2 g

	Total lipid
	15.43g 
	0.16 g
	0
	0.04 g
	0
	2.94 g
	18.57 g

	Saturated fat
	9.61 g
	0.097 g
	0
	0.006 g
	0
	0
	9.71 g

	Monounsaturated fat
	4.46 g
	0.030 g
	0
	0.003g
	0
	0
	4.49 g

	Polyunsaturated fat
	0.573g
	0.039 g
	0
	0.016 g
	0
	0
	0.63 g

	Cholesterol
	30 mg
	0
	0
	0
	0
	0
	30 mg

	CHO by difference
	0
	21.48 g
	2.8 g
	2.99 g
	0
	15.47 g
	42.74 g

	Fiber
	0
	3.9 g
	0
	0.1 g
	0
	2.5 g
	6.5 g

	Sugars, total
	0
	9.75g
	2.79 g
	0.01 g
	0
	3.78 g
	16.33 g

	Calcium
	13 mg
	53 mg
	0
	1 mg
	9 mg
	53 mg
	129 mg

	Iron
	0.31 mg
	0.48 mg
	0
	0.18 mg
	0
	1.40 mg
	2.4 mg

	Magnesium
	1 mg
	23 mg
	0
	1 mg
	3 mg
	28 mg
	56 mg

	Phosphorus
	10 mg
	67 mg
	0
	4 mg
	0
	133 mg
	214 mg

	Potassium
	20 mg
	336 mg
	0
	4 mg
	0
	859 mg
	1219 mg

	Sodium
	126 mg
	9 mg
	0
	0
	15 mg
	542 mg
	692 mg

	Zinc
	0.07 mg
	0.39 mg
	0
	0.03 mg
	0.03 mg
	1.27 mg
	1.79 mg

	Vitamin C
	0
	17.0 mg
	0
	0
	0
	0
	17 mg

	Thiamin
	0.003 mg
	0.106 mg
	0
	0.031 mg
	0
	0.046 mg
	0.19 mg

	Riboflavin
	0.020 mg
	0.062 mg
	0.001 mg
	0.019mg
	0
	0.046 mg
	0.15 mg

	Niacin
	0.006 mg
	0.267 mg
	0
	0.231 mg
	0
	2.812 mg
	3.32 mg

	Vitamin B-6
	0.003 mg
	0.276 mg
	0
	0.0002 mg
	0
	0
	0.28 mg

	Folate
	0
	44 μg
	0
	11 μg
	0
	0
	55 μg

	Vitamin B-12
	0.04 μg
	0
	0
	0
	0
	0
	0.04 μg

	Vitamin A, IU
	 475 IU
	5 IU
	0
	0
	0
	0
	480 μg

	Vitamin E 
	0.44 mg
	0.03 mg
	0
	0
	0
	0
	0.47 mg

	Vitamin D
	11 IU
	0
	0
	0
	0
	0
	11 IU

	Vitamin K
	1.3 μg
	0.9 μg
	0
	0
	0
	0
	2.2 μg


French Onion Soup Granitee – Variable 3 – Sodium free Bouillon cube
	
	Salted Butter
	Onion- sliced
	Gran. sugar
	All-purpose flour
	Water
	Bouillon cube
	Total

	Amount needed
	28 g
	230 g
	2.1 g
	3.91 g
	610mL 
	5.2 g
	------------

	Energy (kcal)
	143 kcal
	64 kcal
	8 kcal
	14 kcal
	0
	12 kcal
	241 kcal

	Protein
	0.92 g
	1.76 g
	0
	0.40 g
	0
	1.2 g
	4.28 g

	Total lipid
	15.43g 
	0.16 g
	0
	0.04 g
	0
	0
	15.63 g

	Saturated fat
	9.61 g
	0.097 g
	0
	0.006 g
	0
	0
	9.71 g

	Monounsaturated fat
	4.46 g
	0.030 g
	0
	0.003g
	0
	0
	4.49 g

	Polyunsaturated fat
	0.573g
	0.039 g
	0
	0.016 g
	0
	0
	0.63 g

	Cholesterol
	30 mg
	0
	0
	0
	0
	0
	30 mg

	CHO by difference
	0
	21.48 g
	2.8 g
	2.99 g
	0
	2.4 g
	29.67 g

	Fiber
	0
	3.9 g
	0
	0.1 g
	0
	0
	4.0 g

	Sugars, total
	0
	9.75g
	2.79 g
	0.01 g
	0
	1.2 g
	13.75 g

	Calcium
	13 mg
	53 mg
	0
	1 mg
	18 mg
	0
	85 mg

	Iron
	0.31 mg
	0.48 mg
	0
	0.18 mg
	0
	0
	0.97 mg

	Magnesium
	1 mg
	23 mg
	0
	1 mg
	6 mg
	0
	31 mg

	Phosphorus
	10 mg
	67 mg
	0
	4 mg
	0
	0
	81 mg

	Potassium
	20 mg
	336 mg
	0
	4 mg
	0
	0
	360 mg

	Sodium
	126 mg
	9 mg
	0
	0
	9 mg
	0
	144 mg

	Zinc
	0.07 mg
	0.39 mg
	0
	0.03 mg
	0.02 mg
	0
	0.51 mg

	Vitamin C
	0
	17.0 mg
	0
	0
	0
	0
	17.0 mg

	Thiamin
	0.003 mg
	0.106 mg
	0
	0.031 mg
	0
	0
	0.14 mg

	Riboflavin
	0.020 mg
	0.062 mg
	0.001 mg
	0.019mg
	0
	0
	0.10 mg

	Niacin
	0.006 mg
	0.267 mg
	0
	0.231 mg
	0
	0
	0.50 mg

	Vitamin B-6
	0.003 mg
	0.276 mg
	0
	0.0002 mg
	0
	0
	0.28 mg

	Folate
	0
	44 μg
	0
	11 μg
	0
	0
	55 μg

	Vitamin B-12
	0.04 μg
	0
	0
	0
	0
	0
	0.04 μg

	Vitamin A, IU
	 475 IU
	5 IU
	0
	0
	0
	0
	480 IU

	Vitamin E 
	0.44 mg
	0.03 mg
	0
	0
	0
	0
	0.47 mg

	Vitamin D
	11 IU
	0
	0
	0
	0
	0
	11 IU

	Vitamin K
	1.3 μg
	0.9 μg
	0
	0
	0
	0
	2.2 μg


Appendix B- Original Recipe

French Onion Soup Gratinee

4 servings
¼ cup butter or margarine
4 cups onions, sliced (about 3 onions)
1 teaspoon granulated sugar
1 Tablespoon all-purpose flour
2 ½ cups water
½ cup red cooking wine
2- 10 ½ ounce cans condensed beef broth
1 long loaf of French bread
1-8 ounce package Swiss cheese, sliced
Step 1: In 4-quart saucepan over medium heat, in hot butter, cook onions ad sugar for 10 minutes
Step 2: stir flour well until blended with the onions and the pan juices

Step 3: Add water, wine and undiluted beef broth; heat to boiling. Reduce heat to low; cover and simmer 10 minutes.

Step 4: Cut four 1-inch thick slices of bread from loaf; save remaining bread to eat with soup. Toast the bread slices in 325˚F. oven just until lightly browned, about 10 minutes.
Step 5: Ladle soup into the four 12-ounce oven-safe bowls and place 1 slice toasted bread on surface of soup in each bowl.

Step 6: Fold Swiss cheese slices and fit onto toasted bread slices in soup.

Step 7: Place soup bowls in jelly-roll pan for easier handing. Bake in 425˚F. oven 10 minutes or just until cheese is melted.
Appendix C: Original Market Order
	Ingredient
	Amount Needed

	Produce

	Yellow Onion
	1120 g

	Cold/Frozen/Dairy/ Bread
	

	Butter, Salted
	112 g

	Baking/Canned
	

	Granulated sugar
	8.4 g

	All-purpose flour
	15.6 g

	Campbell’s Condensed beef broth
	310 mL

	Beef Flavored Bouillon Cubes 
	5.2 g

	College Inn Reduced sodium beef broth
	310 mL

	Herb-Ox sodium free beef powder
	5.2 g 


Appendix D- SPSS Output
	Multiple Comparisons

	Tukey HSD

	Dependent Variable
	(I) judge
	(J) judge
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Sensory1Ave
	1
	2
	-.08333
	.55611
	1.000
	-1.8006
	1.6339

	
	
	3
	.75000
	.55611
	.667
	-.9672
	2.4672

	
	
	4
	.83333
	.55611
	.579
	-.8839
	2.5506

	
	
	5
	.50000
	.55611
	.893
	-1.2172
	2.2172

	
	2
	1
	.08333
	.55611
	1.000
	-1.6339
	1.8006

	
	
	3
	.83333
	.55611
	.579
	-.8839
	2.5506

	
	
	4
	.91667
	.55611
	.492
	-.8006
	2.6339

	
	
	5
	.58333
	.55611
	.829
	-1.1339
	2.3006

	
	3
	1
	-.75000
	.55611
	.667
	-2.4672
	.9672

	
	
	2
	-.83333
	.55611
	.579
	-2.5506
	.8839

	
	
	4
	.08333
	.55611
	1.000
	-1.6339
	1.8006

	
	
	5
	-.25000
	.55611
	.991
	-1.9672
	1.4672

	
	4
	1
	-.83333
	.55611
	.579
	-2.5506
	.8839

	
	
	2
	-.91667
	.55611
	.492
	-2.6339
	.8006

	
	
	3
	-.08333
	.55611
	1.000
	-1.8006
	1.6339

	
	
	5
	-.33333
	.55611
	.973
	-2.0506
	1.3839

	
	5
	1
	-.50000
	.55611
	.893
	-2.2172
	1.2172

	
	
	2
	-.58333
	.55611
	.829
	-2.3006
	1.1339

	
	
	3
	.25000
	.55611
	.991
	-1.4672
	1.9672

	
	
	4
	.33333
	.55611
	.973
	-1.3839
	2.0506

	Sensory2Ave
	1
	2
	.33333
	.56437
	.974
	-1.4094
	2.0761

	
	
	3
	.50000
	.56437
	.898
	-1.2427
	2.2427

	
	
	4
	-.16667
	.56437
	.998
	-1.9094
	1.5761

	
	
	5
	.25000
	.56437
	.991
	-1.4927
	1.9927

	
	2
	1
	-.33333
	.56437
	.974
	-2.0761
	1.4094

	
	
	3
	.16667
	.56437
	.998
	-1.5761
	1.9094

	
	
	4
	-.50000
	.56437
	.898
	-2.2427
	1.2427

	
	
	5
	-.08333
	.56437
	1.000
	-1.8261
	1.6594

	
	3
	1
	-.50000
	.56437
	.898
	-2.2427
	1.2427

	
	
	2
	-.16667
	.56437
	.998
	-1.9094
	1.5761

	
	
	4
	-.66667
	.56437
	.762
	-2.4094
	1.0761

	
	
	5
	-.25000
	.56437
	.991
	-1.9927
	1.4927

	
	4
	1
	.16667
	.56437
	.998
	-1.5761
	1.9094

	
	
	2
	.50000
	.56437
	.898
	-1.2427
	2.2427

	
	
	3
	.66667
	.56437
	.762
	-1.0761
	2.4094

	
	
	5
	.41667
	.56437
	.944
	-1.3261
	2.1594

	
	5
	1
	-.25000
	.56437
	.991
	-1.9927
	1.4927

	
	
	2
	.08333
	.56437
	1.000
	-1.6594
	1.8261

	
	
	3
	.25000
	.56437
	.991
	-1.4927
	1.9927

	
	
	4
	-.41667
	.56437
	.944
	-2.1594
	1.3261

	Sensory3Ave
	1
	2
	.00000
	.44618
	1.000
	-1.3778
	1.3778

	
	
	3
	-.66667
	.44618
	.581
	-2.0444
	.7111

	
	
	4
	-.16667
	.44618
	.995
	-1.5444
	1.2111

	
	
	5
	.50000
	.44618
	.793
	-.8778
	1.8778

	
	2
	1
	.00000
	.44618
	1.000
	-1.3778
	1.3778

	
	
	3
	-.66667
	.44618
	.581
	-2.0444
	.7111

	
	
	4
	-.16667
	.44618
	.995
	-1.5444
	1.2111

	
	
	5
	.50000
	.44618
	.793
	-.8778
	1.8778

	
	3
	1
	.66667
	.44618
	.581
	-.7111
	2.0444

	
	
	2
	.66667
	.44618
	.581
	-.7111
	2.0444

	
	
	4
	.50000
	.44618
	.793
	-.8778
	1.8778

	
	
	5
	1.16667
	.44618
	.117
	-.2111
	2.5444

	
	4
	1
	.16667
	.44618
	.995
	-1.2111
	1.5444

	
	
	2
	.16667
	.44618
	.995
	-1.2111
	1.5444

	
	
	3
	-.50000
	.44618
	.793
	-1.8778
	.8778

	
	
	5
	.66667
	.44618
	.581
	-.7111
	2.0444

	
	5
	1
	-.50000
	.44618
	.793
	-1.8778
	.8778

	
	
	2
	-.50000
	.44618
	.793
	-1.8778
	.8778

	
	
	3
	-1.16667
	.44618
	.117
	-2.5444
	.2111

	
	
	4
	-.66667
	.44618
	.581
	-2.0444
	.7111


	Multiple Comparisons

	Tukey HSD

	Dependent Variable
	(I) Fiber
	(J) Fiber
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Sensory1Ave
	control--condensed beef broth
	regular beef broth
	.80000
	.33333
	.117
	-.1537
	1.7537

	
	
	reduced sodium beef broth
	1.26667*
	.33333
	.008
	.3130
	2.2203

	
	
	sodium free beef powder
	1.66667*
	.33333
	.001
	.7130
	2.6203

	
	regular beef broth
	control--condensed beef broth
	-.80000
	.33333
	.117
	-1.7537
	.1537

	
	
	reduced sodium beef broth
	.46667
	.33333
	.517
	-.4870
	1.4203

	
	
	sodium free beef powder
	.86667
	.33333
	.082
	-.0870
	1.8203

	
	reduced sodium beef broth
	control--condensed beef broth
	-1.26667*
	.33333
	.008
	-2.2203
	-.3130

	
	
	regular beef broth
	-.46667
	.33333
	.517
	-1.4203
	.4870

	
	
	sodium free beef powder
	.40000
	.33333
	.636
	-.5537
	1.3537

	
	sodium free beef powder
	control--condensed beef broth
	-1.66667*
	.33333
	.001
	-2.6203
	-.7130

	
	
	regular beef broth
	-.86667
	.33333
	.082
	-1.8203
	.0870

	
	
	reduced sodium beef broth
	-.40000
	.33333
	.636
	-1.3537
	.5537

	Sensory2Ave
	control--condensed beef broth
	regular beef broth
	.86667
	.37417
	.136
	-.2038
	1.9372

	
	
	reduced sodium beef broth
	1.20000*
	.37417
	.025
	.1295
	2.2705

	
	
	sodium free beef powder
	1.26667*
	.37417
	.018
	.1962
	2.3372

	
	regular beef broth
	control--condensed beef broth
	-.86667
	.37417
	.136
	-1.9372
	.2038

	
	
	reduced sodium beef broth
	.33333
	.37417
	.810
	-.7372
	1.4038

	
	
	sodium free beef powder
	.40000
	.37417
	.713
	-.6705
	1.4705

	
	reduced sodium beef broth
	control--condensed beef broth
	-1.20000*
	.37417
	.025
	-2.2705
	-.1295

	
	
	regular beef broth
	-.33333
	.37417
	.810
	-1.4038
	.7372

	
	
	sodium free beef powder
	.06667
	.37417
	.998
	-1.0038
	1.1372

	
	sodium free beef powder
	control--condensed beef broth
	-1.26667*
	.37417
	.018
	-2.3372
	-.1962

	
	
	regular beef broth
	-.40000
	.37417
	.713
	-1.4705
	.6705

	
	
	reduced sodium beef broth
	-.06667
	.37417
	.998
	-1.1372
	1.0038

	Sensory3Ave
	control--condensed beef broth
	regular beef broth
	-.60000
	.32489
	.289
	-1.5295
	.3295

	
	
	reduced sodium beef broth
	-.80000
	.32489
	.105
	-1.7295
	.1295

	
	
	sodium free beef powder
	-1.33333*
	.32489
	.004
	-2.2629
	-.4038

	
	regular beef broth
	control--condensed beef broth
	.60000
	.32489
	.289
	-.3295
	1.5295

	
	
	reduced sodium beef broth
	-.20000
	.32489
	.926
	-1.1295
	.7295

	
	
	sodium free beef powder
	-.73333
	.32489
	.150
	-1.6629
	.1962

	
	reduced sodium beef broth
	control--condensed beef broth
	.80000
	.32489
	.105
	-.1295
	1.7295

	
	
	regular beef broth
	.20000
	.32489
	.926
	-.7295
	1.1295

	
	
	sodium free beef powder
	-.53333
	.32489
	.385
	-1.4629
	.3962

	
	sodium free beef powder
	control--condensed beef broth
	1.33333*
	.32489
	.004
	.4038
	2.2629

	
	
	regular beef broth
	.73333
	.32489
	.150
	-.1962
	1.6629

	
	
	reduced sodium beef broth
	.53333
	.32489
	.385
	-.3962
	1.4629

	*. The mean difference is significant at the 0.05 level.


	Multiple Comparisons

	Tukey HSD

	Dependent Variable
	(I) Fiber
	(J) Fiber
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Melting Time
	control--condensed beef broth
	regular beef broth
	1.33333
	6.45927
	.997
	-19.3515
	22.0182

	
	
	reduced sodium beef broth
	-9.66667
	6.45927
	.482
	-30.3515
	11.0182

	
	
	sodium free beef powder
	-32.66667*
	6.45927
	.004
	-53.3515
	-11.9818

	
	regular beef broth
	control--condensed beef broth
	-1.33333
	6.45927
	.997
	-22.0182
	19.3515

	
	
	reduced sodium beef broth
	-11.00000
	6.45927
	.382
	-31.6849
	9.6849

	
	
	sodium free beef powder
	-34.00000*
	6.45927
	.003
	-54.6849
	-13.3151

	
	reduced sodium beef broth
	control--condensed beef broth
	9.66667
	6.45927
	.482
	-11.0182
	30.3515

	
	
	regular beef broth
	11.00000
	6.45927
	.382
	-9.6849
	31.6849

	
	
	sodium free beef powder
	-23.00000*
	6.45927
	.030
	-43.6849
	-2.3151

	
	sodium free beef powder
	control--condensed beef broth
	32.66667*
	6.45927
	.004
	11.9818
	53.3515

	
	
	regular beef broth
	34.00000*
	6.45927
	.003
	13.3151
	54.6849

	
	
	reduced sodium beef broth
	23.00000*
	6.45927
	.030
	2.3151
	43.6849

	pH
	control--condensed beef broth
	regular beef broth
	5.33333*
	.31180
	.000
	4.3348
	6.3318

	
	
	reduced sodium beef broth
	5.00000*
	.31180
	.000
	4.0015
	5.9985

	
	
	sodium free beef powder
	5.00000*
	.31180
	.000
	4.0015
	5.9985

	
	regular beef broth
	control--condensed beef broth
	-5.33333*
	.31180
	.000
	-6.3318
	-4.3348

	
	
	reduced sodium beef broth
	-.33333
	.31180
	.717
	-1.3318
	.6652

	
	
	sodium free beef powder
	-.33333
	.31180
	.717
	-1.3318
	.6652

	
	reduced sodium beef broth
	control--condensed beef broth
	-5.00000*
	.31180
	.000
	-5.9985
	-4.0015

	
	
	regular beef broth
	.33333
	.31180
	.717
	-.6652
	1.3318

	
	
	sodium free beef powder
	.00000
	.31180
	1.000
	-.9985
	.9985

	
	sodium free beef powder
	control--condensed beef broth
	-5.00000*
	.31180
	.000
	-5.9985
	-4.0015

	
	
	regular beef broth
	.33333
	.31180
	.717
	-.6652
	1.3318

	
	
	reduced sodium beef broth
	.00000
	.31180
	1.000
	-.9985
	.9985

	*. The mean difference is significant at the 0.05 level.


	ANOVA

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Sensory1Ave
	Between Groups
	2.856
	4
	.714
	1.154
	.370

	
	Within Groups
	9.278
	15
	.619
	
	

	
	Total
	12.133
	19
	
	
	

	Sensory2Ave
	Between Groups
	1.133
	4
	.283
	.445
	.775

	
	Within Groups
	9.556
	15
	.637
	
	

	
	Total
	10.689
	19
	
	
	

	Sensory3Ave
	Between Groups
	2.800
	4
	.700
	1.758
	.190

	
	Within Groups
	5.972
	15
	.398
	
	

	
	Total
	8.772
	19
	
	
	


	ANOVA

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Sensory1Ave
	Between Groups
	7.689
	3
	2.563
	9.227
	.001

	
	Within Groups
	4.444
	16
	.278
	
	

	
	Total
	12.133
	19
	
	
	

	Sensory2Ave
	Between Groups
	5.089
	3
	1.696
	4.847
	.014

	
	Within Groups
	5.600
	16
	.350
	
	

	
	Total
	10.689
	19
	
	
	

	Sensory3Ave
	Between Groups
	4.550
	3
	1.517
	5.747
	.007

	
	Within Groups
	4.222
	16
	.264
	
	

	
	Total
	8.772
	19
	
	
	


	ANOVA

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Melting Time
	Between Groups
	2226.250
	3
	742.083
	11.858
	.003

	
	Within Groups
	500.667
	8
	62.583
	
	

	
	Total
	2726.917
	11
	
	
	

	pH
	Between Groups
	59.000
	3
	19.667
	134.857
	.000

	
	Within Groups
	1.167
	8
	.146
	
	

	
	Total
	60.167
	11
	
	
	


Appendix E: Photographs
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Above is a comparison of frozen and room temperature of broth. The left is the control broth, descending in sodium content going right. The top row is frozen, while the bottom is room temperature.
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Above is the ingredient list of Campbell’s condensed beef broth
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Above is the nutrition facts and ingredient list for the beef flavored bouillon cubes with regular sodium.
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Above is the nutrition facts and the ingredient list for College Inn’s reduced sodium beef broth
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Above is the nutrition facts and ingredient list of Herb-Ox’s sodium free beef powder.
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Above is another photograph of the frozen samples. The yellow bubbles on the surface are fat globules formed during freezing.
6
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