DEVELOPMENT OF LOW-FAT SUGAR-FREE ORANGE SHERBET CONTAINING SOY
PROTEIN

A Thess

Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
In partial fulfillment of the
Requirements for the degree of
Master of Science

in

The Department of Food Science

by
Jonathan Aaron Walker
B.S., Louisiana State University, 2000
December 2002



ACKNOWLEDGEMENTS

First of al, I would like to thank Dr. Witoon Prinyawiwatkul, my Major Professor, for his
patience, guidance and advice throughout this project. He has been a great help, an inspiration,
and both ateacher and a dear friend. | want to extend specia thanks to Melissa Durham who
helped me tremendously with the product preparation of both consumer study one and two.
Without her help this project would not have been possible.

| would also like to extend thanks to Noemi Pavon, Sirisha Sonti, and Cate Munene,
graduate students from the Department of Food Science, for their gracious help during consumer
study one and two.

Dr. Barry Moser and Xiaomel Zhu, from the Department of Experimental Statistics, were
very generous with advice regarding data analysis and interpretation for the consumer responses
of study one and two. | am grateful to Chuck Boeneke, manager of the LSU Creamery, for
allowing me to use the equipment in the Louisiana State Univeristy Creamery.

| also offer thanks to my committee members, Dr. Michael Moody and Dr. Joan King, for
their help in reviewing my thesis and offering suggestions for improvement. Finally, | would
like to express my appreciation to my parents, Frank and Bobbie Walker, for their love and

financia support during my graduate program.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ...ttt sttt et e e e aestessestenseeneeseeneeneens ii
LIST OF TABLES ...ttt sttt s te st st se s e st e e s e ntesseebesreenenneeneas Vi
ABSTRACT ... ettt bbbt bbbt bt a e s e et e b e sb e b e s b e e bt e Rt et et e ae et nbennenre s viii
CHAPTER 1. INTRODUCTION .....ciiiiiieiisesiieieeeeeieseseessestessessessessesssessessesssssessessessessessensens 1
CHAPTER 2. REVIEW OF LITERATURE ......ocotiiiieeee ettt 4
2.0 SNEIDEL ...ttt e e r e ae et e Rt beentesreenbeeteereenrens 4
2.1 1 FOrMUIBLIONS ....cveeveeieeeesieeiesee st ee et te e ste e e e s e teenaesseesseeneeaneenseensesseenseensennnensens 6

P B = 10 = 0] PSSR 7

S U (o - [0 = ST PRRTRR 9
2.2.1 Usein Sherbets/Related PrOAUCLS.........ooveieieereee e 9
2.2.2 Physical and Chemical Properti€s.........ccccveeiereereeieseeseesieseeseesee e ese e sse e 10
2.2.3 SENSONY PrOPEITIES .oocvie ettt e e s e e n e e reeenre e 13
S 07 | I 14
2.2.5 SAIELY . bttt b b b e ae e 15

2.3 ACESUITAME-K ...ttt ettt e et bbb b e e nes 19
2.3.1 Usein Sherbets/Related ProdUCES...........ccoiiriiiieiirieseeseeee e 19
2.3.2 ChemiCal PrOPErtiES......ccoiieieieiierie sttt 19
2.3.3 SENSONY PrOPEITIES ...cuveceeectecie sttt ettt te et s esre et e s ne e reensesreenreenne e 23
R T ) I S 24

G BT 1 24

P S o VA o (0] = o T 28
A o 0o g 1 =SSR 28
2.4.2 ChemiCal PrOPErtiES......ccuiiiieieiierie sttt 30
2.4.3 SENSOIY PrOPEITIES ...c.veceeecieeieceesteeste et s et e et te e ae e e s seeaeeneesseensesneesseeneeans 31

2.5 Product OPtiMIZBHION.........ccvieeieeieeee sttt te s sre e sae e s reetesreesseenseeneenreennesns 31
251 DAAANSBIYSIS ...ttt et b et ene e re e e 35
2.5.1.1 Linear ProgramiMiNg .......cccoeoereseresesesesisessessessessessessessessssssssssssessessessessessesnens 36
2.5.1.2 MiIXEUrE€ DESION ...veeeeceeeie ettt sttt e st te e e s reene e sneeneeneenneenne e 36
2.5.1.3 MUItIPIE REGIESSION.....cuiiiiieieiieeie et a e b b sr e e 36
2.5.1.4 Response Surface Methodology (RSM) ......coceiiiirenininieeeesee s 37

CHAPTER 3. A NOVEL LOW-FAT SUGAR-FREE SHERBET CONTAINING SOY
PROTEIN: PRODUCT ACCEPTANCE AND MARKET OPPORTUNITY DRIVEN BY

SPECIFIC CONSUMER SENSORY ATTRIBUTES........cccoiiiireeneeeeee e 38
1300 1 11 L1 o1 o o PR 38
3.2 Materials and MEtNOUS..........coouiiiiieeeee et 39

3.2.1 SOY Protein ISOIAIE .....cueiuieeeeeieieierte sttt 39
3.2.2 Sherbet Preparation...........ccoviieieeie ettt e e sre e 39
3.2.3 Experimental Design and CoNSUMES TESIS ......oveeiiriienieneeie e 42
324 SHASHCA ANBIYSIS ....eiiiiiiieiieiei et 44



3.3 RESUITS AN DISCUSSION ....cceeeeeee e e et ee e e e e e e e e e et e e eeeeesaaaeeeeeeeeeeesaaaaeenereeeeseeaans 44

3.3.1 CoNSUMES CharaCteriStICS ......couerieerieeiisieesieeie ettt se bt sre e 44
3.3.2 ConsumMEr ACCEPLADITTY......cceeeeieriesie s 49
3.3.3 Acceptability and PUrchase INtENt ...........cccoveieieerecie e 51
3.3.4 Overall Product Differences — Pooled Within Canonical Structurer’s...........o.c....... 54
3.3.5 Logistic Regression vs. Predictive Discriminant Analysis for Acceptance and
PUFCNESE TNEENT ...ttt st 54
3.3.6 Logistic Regression Analysis for Acceptability .......cccccvvvieiieiiieviie e 59
3.3.7 Logistic Regression Analysisfor Purchase Intent ............ccocooeiiieienneneneneceee 63
3.3.8 Logistic Regression Analysis for Purchase Intent with Soy Protein............cccue...... 64
I3 N @0 ot [0S oo TR 64

CHAPTER 4. A NOVEL LOW-FAT SUGAR-FREE SHERBET CONTAINING SOY
PROTEIN BELOW OR ABOVE THE FDA REQUIREMENT : PRODUCT ACCEPTANCE
AND MARKET OPPORTUNITY DRIVEN BY SPECIFIC CONSUMER SENSORY

N I 1= O = P 68
g R 1 01 (00 (8 (o o TSSO 68
4.2 Materias and MEthOAS...........ooeiiiiiiie e e 69

4.2.1 SOY Protein CONCENIIALE .........eiveriirierieeeeee ettt sttt 69
4.2.2 Sherbet Preparalion............ccciieceiie st ee et sre e 70
4.2.3 Experimental Design and ConSUMET TESES ......ccceieeiieeieeeeerie e sreesre e s 73
424 SEASHCA ANAIYSIS ..ottt sttt s e et e b e sre e 76
4.3 RESUITS @NU DISCUSSION .....veevieeeeeiiesieseesieesieeeesseestesseesseessesseesseessesseessesssesseesseessessesssensseans 76
4.3.1 ConSUMEr CharaCleriStCS ....ovververierieriieerieee ettt 76
4.3.2 Consumer ACCEPLADIITY........ueririiee e 81
4.3.3 Acceptability and PUrchase INTENt...........ccoeeiireneieseeeee e 81
4.3.4 Overal Product Differences — Pooled Within Canonical Structurer’s............c......... 84
4.3.5 Logistic Regression vs. Predictive Discriminant AnalySiS .......ccoveveevieeviieeseesiieeninns 87
4.3.6 Logistic Regression Analysis for AcCeptability .........ccocviririeieneneneseseeeeeeee, 88
4.3.7 Logistic Regression Analysisfor Purchase INtent ..........cccooveveveevenceseeve e 9
4.3.8 Logistic Regression Analysis for Purchase Intent with Soy Protein..............c.......... 9
4.3.9 Predictive Discriminant Analysis for Acceptability and Purchase Intent................... 95
0] ot 1o o S 97

CHAPTER 5. SUMMARY AND CONCLUSIONS........cooiitiirereeeeeseeeesie et 98

REFERENCES ...ttt bbbttt et bbb b e st e s 102

APPENDICES ..ottt sttt et et e s testesbeeseeseeseese e e et e naesbesseeseeseenennenneas 109

APPENDIX A. COMPARISION OF 13 SHERBET FOMULATIONS FOR
ACCEPTABILITY OF APPEARANCE, COLOR, FLAVOR, SWEETNESS, SOURNESS,
TEXTURE/MOUTHFEEL, AND OVERALL LIKING......ccctiiriiieieeeeesesesieeeeeee 110

APPENDIX B. PRINCIPLE COMPONENT ANALY SISFOR CONSUMER STUDY 1..111



APPENDIX C. CANONICAL DISCRIMINANT ANALY SIS FOR CONSUMER STUDY 2

..................................................................................................................... 112

APPENDIX D. RESEARCH CONSENT FORM ......cccoiiiiiiiniiii s 113
APPENDIX E. CONSUMER STUDY QUESTIONNAIRE FOR CONSUMER STUDY 1.....
..................................................................................................................... 114

APPENDIX F. CONSUMER STUDY QUESTIONNAIRE FOR CONSUMER STUDY 2 .....
..................................................................................................................... 116

APPENDIX G. SAS CODE FOR CONSUMER STUDY 1 ....cccocoiiiiiiiiiinieieeeeseee s 118
APPENDIX H. SAS CODE FOR CONSUMER STUDY 2.....ccccoiiiiiiiiiieeee 135
APPENDIX |. DATA SET FOR CONSUMER STUDY 1....ccoiiiiiieieeneeneeeesee e 139
a DEMOGRAPHIC AND PRODUCT INFORMATION.........ccciiiiiiniinienincseens 139

D. CONSUMER EVALUATIONS.......oci ittt 153
APPENDIX J. DATA SET FOR CONSUMER STUDY 2......ccoiiiiiiiiiiieee 167
a DEMOGRAPHIC AND PRODUCT INFORMATION.........ccociiiiiirienecneeeseene 167

D. CONSUMER EVALUATIONS.......oot ittt 186
VT A e 205



LIST OF TABLES

Table 1.

Table 2.

Table 3.

Table 4.

Tableb.

Table 6.

Table7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

Table 17.

Table 18.

Solubility of acesulfame-K iN WELES ..o 21
Solubility of acesulfame-K in organic SOIVENtS..........ccoeeiiriiiieninienee e 22
Storage stability of acesulfame-K in buffered aqueous solutions.............cc.ccceueenee... 25
Soyfood sales in million dollars in the U.S. from 1980-1998 ............ccccovovvivreennene. 29
Sherbet formulations with ingredients varied .............ccccveveeevecieccc e, 40
Demographic and socioeconomic iNfOrMatioN...........ccovveveeieeieerenese s 45
Consumer product information about frozen desserts........ccocvvevveveecceecee e, 48

Mean consumer scores for acceptability of appearance, color, flavor, sweetness,
sourness, texture/mouthfeel, and overall liking of orange sherbet formulations...... 50

The positive (yes) responses for product acceptability and purchase intent of orange
sherbet FOrMUIBLIONS........c.oiiiiiiieeiere b 52

Purchase intent if the sherbet contains a health-promoting ingredient such as soy
010 = S 53

Multivariate statistics and F approXimations ...........c.cooeveeeeieeieenieneesesiesesesieseenens 55
Canonical structure r's describing group differences among sherbet formulations . 56
Classification results from predictive discriminate analysis (PDA) - % Hit Rate.... 58

Full logistic regression models for predicting acceptability, purchase intent, and
purchase intent With SOY ProtEIN. ........cccoeeriririieierese e 60

Logistic regression models restricted to one independent variable for predicting
acceptability, purchase intent, and purchase intent with soy protein...........c.cc....... 61

The R and odds ratio estimates for the logistic regression models used to predict
CONSUMES @CCEPEANCE. .....cuverreeieee et sttt nre e 62

The R and odds ratio estimates for the logistic regression models used to predict
CONSUMES PUICNASE INEENL.......cuiiieiierieeie ettt 65

The R and odds ratio estimates for the logistic regression models used to predict

consumer purchase intent after notification that the formulation contained soy
S0 1C=.] o IS TP OSRR 66

vi



Table 19.

Table 20.

Table 21.

Table 22.

Table 23.

Table 24,

Table 25.

Table 26.

Table 27.

Table 28.

Table 29.

Table 30.

Table 31.

Table 32.

Orange sherbet formulations with ingredients varied...........cccooeveececicce e, 71
The % overrun of 4 sherbet formulations with soy protein ............ccceeevenenereenene 74
Demographic and socioeconomic infOrmation...........coeeveeeerenieeseesiese e 77
Consumer product information about frozen deSSerts ........ccocvveeveeceenecreccee e, 80

Mean consumer scores for acceptability of appearance/color, flavor, sweetness,
sourness, texture/mouthfeel, and overal liking of orange sherbet formulations....... 82

The positive (yes) responses for product acceptability and purchase intent of orange
Sherbet fFOrMUIGLIONS..........veeiecee e ere e 83

Multivariate Statistics and F APProXimations ..........ccceveereeneenenienseesiesseesee e see e 85
Canonical structure r’s describing group differences among sherbet formulations . 86

The full logistic regression models for predicting acceptability, purchase intent, and
purchase intent With SOy ProteiN .........ccveveece e 89

The single logistic regression models for predicting acceptability, purchase intent,
and purchase intent With SOY ProteIN ... 20

The R and odds ratio estimates for the full and single logistic regression models for
predicting overall aCCEPLANCE.............cooiriieiieee s 91

The R and odds ratio estimates for the full and single logistic regression models for
Predicting PUIChase INTENE ..........oviiieeee s 92

The R and odds ratio estimates for the full and single logistic regression models for
predicting purchase iNtent With SOY ........cccueoiiiirerrienesee e 93

Classification results from predictive discriminate analysis (PDA) - % Hit Rate.... 96

vii



ABSTRACT

Consumer interest in healthy eating and self-medication is not just a passing fad. Soy-
based products have become increasingly popular and gradually moved into the mainstream
market. Many consumers associate soy with a healthy consumption pattern. Development of
frozen desserts that indulge consumers’ eating desire, yet provide potential health benefits, is a
challenge. Product appraisal to identify specific sensory attributes driving product acceptance is
vital to the introduction of this new product. This thesis research was designed to develop low-
fat sugar-free orange sherbet products containing soy protein and to determine the consumer

sensory profile driving product acceptance and purchase intent.

Two consumer studies were performed to evaluate consumer sensory properties of orange
sherbets containing soy protein. In study 1, twelve sherbets were formulated with soy protein,
SP (3.25, 4.25, 5.25 or 6.25%) and maltodextrin, MD (10, 11, or 12%), and a control (0% SP and
12% MD). Each consumer (n=130) evaluated 3 (of 13) sherbet formulations for acceptability of
appearance, color, flavor, sweetness, sourness, texture/mouthfeel, and overall liking using a 9-
point hedonic scale. Overall acceptability (yes/no) and purchase intent (buy/not buy) were
determined. Data were statistically analyzed. Study 2 was carried out in a similar manner with
140 consumers. Each consumer evaluated 4 (of 4) sherbets with four levels of soy protein

concentrate (7.09, 7.05, 6.5, or 6.0g).

In both studies there were significant differences (p<0.05) in texture and overall liking
among the sherbet formulations. For study 1, the highest rated acceptable product was the
formulation containing 4.25% SP and 11% MD. For study 2 the formulation with 6.0 g soy

protein per serving was most acceptable. Flavor, texture, and overall liking were identified as

viil



attributes critical to acceptance and purchase intent of the low-fat sugar-free sherbets containing

soy protein. The information is useful for further product refinement.
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CHAPTER 1. INTRODUCTION

Consumer interest in healthy eating and self-medication is not just a passing fad. Soy-
based products have become increasingly popular and gradually moved into the mainstream
market. Many consumers associate soy with a healthy consumption pattern. Development of
frozen desserts that indulge consumers’ eating desire, yet provide potential health benefits, is a
challenge. Product appraisal to identify specific sensory attributes driving product acceptance is
vital to the introduction of this new product. This thesis research was designed to develop low-
fat sugar-free frozen sherbet products containing soy protein and to determine the consumer
sensory profile driving product acceptance and purchase intent.

While regular commercially available sherbets are made with corn syrup and sugar as
sweeteners, we developed a sugar-free, health promoting product aimed at health conscious
individuals as the target market. Research has shown that eating a diet high in sugar and refined
foods can lead to an increased body cholesterol and obesity due to an increase in the anabolic
hormone insulin. A 1995 survey showed that orange was the most popular flavor for sherbets
commanding 29% of sales in 1994-1995 (IICA, 1995). Therefore, we selected an orange flavor
for our products.

In the first study, Splenda® (sucralose) and Sunnet® (acesulfame-K) were chosen as
sweeteners because they work synergistically together which results in a cost saving for a large
scale production. In addition, both provide similar sweetness profiles compared to sugar. A high
concentration of acesulfame-K can result in a bitter aftertaste in the product. A ratio 70:30
(sucralose: acesulfame-K) was recommended for use by Nutrinova, Inc. In study 2, erythritol (a

low calorie sugar alcohol with no laxative effect) was added to the sherbet formulations. It was



used as a mild sweetener (70% as sweet as sucrose), to increase the total solids of the product
and to impart a cooling sensation similar to xylitol.

The choice to add soy protein into the sherbet formulation was based on the established
relationship between soy proteins and a reduced risk of heart disease. The FDA now allows food
products that contain a minimum of 6.25 grams of protein from soy and its derivatives per
serving to claim such a health benefit on the product label. One of the additional requirements to
make this claim was that the product needs to be low-fat which is defined as less than 3 grams of
fat per serving.

Although the initial attempt to create an all natural product was our goal, to produce
sugar-free sherbets, artificial sweeteners were required. The recent explosion of low

carbohydrate diets was also taken into consideration. Among others, diets from Dr. Atkins’ New

Diet Revolution, Sugar Busters™ Cut Sugar to Trim Fat, Protein Power have become popular

and so have products that fit into these eating styles. Although these products are more
expensive to manufacture, with the resulting increase being passed onto consumers, many people
are willing to pay more to enjoy a healthy eating style.

This thesis is divided into 5 chapters. Chapter one provides a brief introduction and
discusses the research justification. Chapter two presents a literature review of key concepts
which are related to studies one and two. Chapters three and four are the two consumer studies
reporting the responses of consumers towards low-fat sugar-free orange sherbet containing soy
protein. Chapter five presents an overall summary and conclusions of this research and
opportunities for future research. Following chapter five is a list of all references cited for this

thesis. The final section is the appendices which contain the consumer study questionnaire and



research consent form, SAS code and other items. The last page concludes with a VITA of the

author of this work.



CHAPTER 2. REVIEW OF LITERATURE
2.1 Sherbet

Sherbet is a frozen foam containing water, nutritive sweeteners, fruit juice or fruit
flavorings, fruit acid, milk solids, stabilizer, and colorings (Marshall and Arbuckle, 1996).
Sherbets differ from ice cream products in many ways. They have a much higher fruit acid
content resulting in a tart sensation. Citric acid, usually as a 50% solution, is the most
commonly used acid in sherbet formulations. The amount used depends on the fruit used, sugar
content, and consumer preferences. For instance, some consumers prefer a sherbet that is
sweeter and less sour than normal. As a general rule, the titratable acidity should be 0.36% at
25-30% sugar and should be increased by about 0.01% for each 1% increase in sugar above 30%
(Marshall and Arbuckle, 1996).

The overrun of sherbets is lower than ice creams, ranging from 25-50%. This can be
controlled by an addition of stabilizers such as locust bean gum that restricts whipping and foam
formation. Most stabilizers used for ice creams can also be used for sherbets. Stabilizers
commonly used in sherbets include carboxymethylcellulose at 0.20%, guar gum at 0.20%, pectin
at 0.18%, algin products at 0.20%, locust bean (carob) at 0.25%, and gelatin (200 Bloom) at
0.45% (Flores and Goft, 1999; Sutton et al., 1997; Sutton and Wilcox, 1998). Not all stabilizers
work the same and some stabilizers work well under acidic conditions. Because of their varied
properties, a mixture of stabilizers is often used to accomplish the desired effect (McPherson et
al., 1978). Sherbets that contain milk solids will bind water and require slightly less stabilizer
than ices. Sherbet stabilizers are varied in composition in order to obtain the desired texture at
an acceptable cost. For example, locust bean gum is a higher cost stabilizer used at 0.3% and

the drawing temperature (i.e., temperature to achieve the desired percent water crystallization)



should be set at 21° F to enhance smoothness. A lower cost stabilizer/emulsifier used at a
concentration of 0.4% (40% mono and diglycerides, 25% guar gum, 25% cellulose gum (CMC),
and 10% pectin) can result in a sherbet product with coarse texture. The drawing temperature
can be as high as 23° F (Marshall and Arbuckle, 1996).

Sherbets contain a higher sugar content (25-35%) than ice creams, resulting in a lower
melting point. In general the sugar content of sherbets is about twice that of ice cream. They are
typically sweetened with a combination of corn syrup solids and sugar. It is important to use the
correct amount to obtain acceptable flavor, body, and texture. Using too much sugar can result
in a soft sticky product while a deficiency will cause the product to be hard and crumble.
Sherbets containing sucrose as the sole sweetener tend to develop a hard crust on the surface as a
result of sugar crystallization. Substituting corn sugar (dextrose) for 20-25% of the sugar will
lower the freezing point and lessen the chance for the hard crust defect (Day et al., 1959; Ross
1963; Turnbow et al., 1946). Compared to corn sugar, corn syrup solids may be better in
preventing the hard crust defect because of its much higher molecular weight which lowers the
freezing point much less than does corn sugar (Schaller-Povolny and Smith, 1999). Corn syrup
solids can be substituted for about one-third of sucrose (Marshall and Arbuckle, 1996).

Sherbets have a more icy, coarser texture and more of a cooling effect than ice cream.
The coarseness or the size of the ice crystal formation is a major factor affecting overall
consumer acceptability (Sutton and Wilxox, 1998; Trgo et al., 1998). If the mean ice crystal size
exceeds a formulation-dependent threshold, the crystals become detectable by consumers
(Arbuckle, 1986). Sensory detection of ice crystals is probably affected by ice crystal size
distribution (Hough et al., 1990). The lower richness in taste compared to ice cream is the result

of a low milk solids content.



2.1.1 Formulations

In 1995, about 1.5 billion gallons of frozen desserts were produced in the United States.
Of these, sherbets comprised 3.3% and water ices 3.7%. Only 1% of soft-served products were
sherbets. In Canada, the total annual production of frozen desserts is about 366 million gallons,
of which 1% is for sherbets. These products have their greatest demand during the summer
months with the most popular flavors being orange, pineapple, and raspberry constituting 80-
85% of the flavors produced. In 1994-1995, orange was the most popular flavor for sherbets
commanding 29% of sales with over 6.4 million gallons sold. 6.2 million gallons of rainbow
sherbets were sold and other top selling flavors were raspberry (11%), lime (9%) and pineapple
(8%). In all, the top ten flavors were listed (IICA 1995). In 1998, rainbow sherbet was ranked
first with 30.6% of supermarket sales while orange was second at 26% (Soloman, 2000). Sales
in 2001 showed that sherbets comprised about 3.5% of the frozen dairy dessert market, a slight
increase from six years ago. Although ice cream still leads the frozen dairy market at almost
92%, sales of all ice cream have dropped 2.3% of the one year period ending on April 22, 2001
(Berry, 2001). According to the 2001 supermarket sales volume, ice cream had 80% of the
frozen dessert market compared with sherbet (4.5%), frozen yogurt (4%), and sorbet (0.5%)
(Information Resources Inc., 2001). Total sales volume for ice cream and sherbet for the 52
week period ending on January 27, 2002 showed a total sales close to $4.7 billion, an increase of
4.9% (Information Resources Inc., 2001)

Compositions of sherbets can vary significantly. Natural and artificial flavors can be
used in sherbets. The Code of Federal Regulations (CFR) sets specific requirements for
ingredients and amounts used in sherbet formulations. A survey on nutrition labels conducted in

1995 for orange sherbets revealed characteristics for five regional brands. Weight per serving



ranged from 83-86 g with an average of 85 g, calories ranged from 110-150 kcal with an average
of 130 kcal, fat was 1 g, carbohydrate ranged from 25-34 g with an average of 29, sugar ranged
from 20-45 g with an average of 28 g, protein ranged from 0-1 g with an average of 1 g, and
calcium (% of daily value) ranged from 2-6 with an average of 4. A typical ingredient label
might read: water, milk (including nonfat milk and cream), sugar, corn syrup, dextrose, orange
puree (water, natural flavorings, concentrated orange juice, orange pulp, gum tragacanth, yellow
6, citric acid), high fructose corn syrup, whey, citric acid, mono-and diglycerides, polysorbate
80, guar gum, locust bean gum, and pectin (Marshall and Arbuckle, 1996).

Sherbets can be flavored by using either fruit juices or artificial flavors. When using fruit
juices the amount varies between 15-20% depending on the type of fruit and its intensity. When
fruit is used for flavoring, it varies from 5-20 Ibs per 100 Ibs of the finished product. Fruit
extract and artificial flavors can be used. Although they may not provide as desirable flavor as
fruit juices, they can be used to fortify the flavor and produce a more consistent and uniform
product (Marshall and Arbuckle, 1996).

2.1.2 Regulations

Specific guidelines as to what can be called sherbet are set by the FDA. These can be
found in 21 CFR 130.140 (2001) and include a description of the product, specifications, and
required and optional ingredients. Sherbet is defined as a food produced by freezing, and stirring
a pasteurized mix. It should weigh not less than six pounds per gallon of the finished product
and the milkfat content should not be less than 1 nor more than 2%. The non-fat milk solids
cannot be less than 1% and the total milk or milk derived solids not less than 2% nor more than
5% by weight of the finished product. Sherbet that contains fruit as an ingredient shall have a

titratable acidity, calculated as lactic acid, of not less than 0.35%. Sweet cream buttermilk,



concentrated sweet cream buttermilk or dried sweet cream buttermilk, when adjusted with water
to a total solids content of 8.5%, shall have a titratable acidity of not more than 0.17% calculated
as lactic acid.

The optional fruit ingredients are any mature fruit or the juice of any mature fruit. The
fruit or juice may be fresh, frozen, canned, concentrated, or partially or wholly dried. The fruit
may be thickened with pectin or other optional ingredients. The fruit is prepared by the removal
of seeds, skins, and cores, where the removal is usual in preparing that kind of fruit for
consumption as fresh fruit. The fruit may be screened, crushed, or otherwise comminuted. It
may be acidulated. In the case of concentrated fruit or fruit juices, from which part of the water
is removed, substances contributing flavor volatilized during water removal may be condensed
and reincorporated in the concentrated fruit or fruit juice. The quality of the fruit ingredients
used is such that, in relation to the weight of the finished product, the weight of fruit or fruit juice
(including water necessary to reconstitute partially or wholly dried fruits or fruit juices to their
original moisture content) is not less than 6% in the case of berry sherbets, 2% in the case of
citrus sherbets, and 10% in the case of sherbets prepared with other fruits (Klahorst, 1997).

Specific regulations have been set for foods containing fat and sugar. Regulations
regarding the total fat content can be found in 21 CFR 101.62(b) (2001). For a food to be called
“low in fat” it must contain 3 grams of fat or less per reference amount (and per 50 g if the
reference amount is small). 21 CFR 101.60(c) (2001) describes labeling for food products
containing sugar. To be labeled as “sugar-free” the product must contain less than 0.5 g sugar
per reference amount and per labeled serving (or for meals and main dishes, less than 0.5 g per
labeled serving). Ifno sugar or sugar containing ingredient is added, “No Added Sugars” and

“Without Added Sugars” can be stated on the label.



The FDA also sets specific requirements for the reference amount customarily consumed
(RACC). These regulations can be found in Table 2 of the 21 CFR 101.12. This amount
depends on the food and it is calculated for persons 4 years of age and older. The RACC is
designed to reflect the amount of food customarily consumed per eating occasion by persons in
this population group. The reference amounts are determined by data set forth in appropriate
national food consumption surveys. The RACC as defined for sherbet is 2 cup.

2.2 Sucralose

2.2.1 Usein Sherbets/Related Products

Sucralose can be used in frozen desserts like sherbets and ice cream. Since sucralose has
hit the mainstream market many items have been reformulated to include it. Well’s Dairy was
the first company to formulate dairy foods with Splenda® sucralose. Early in 2001 Well’s Dairy
developed Lite 85 yogurt, Blue Bunny’s first item to contain sucralose. It was originally
formulated in 1988 as the first no-sugar added yogurt in the market. Since the introduction of
Lite 85 yogurt with sucralose, Blue Bunny has developed several other items including the
Health Smart® frozen dessert line. Despite declining sales of “better-for-you™ ice cream, Health
Smart® sales continue to grow. The R&D department is currently researching the use of
sucralose in other products where quality can be improved (Berry, 2001).

Anderson Erikson has developed YoLite Yogurts. This is a product line of fat-free
yogurts containing Splenda. Several flavors are available including Black Cherry, Blueberry,
Cherry Vanilla, Lemon Chiffon, Orange Cream, Peach, Raspberry, Strawberry, Strawberry
Banana, and Vanilla. The Orange Cream variety has 80 calories for a 6 0z. serving.

Low-fat and fat-free items are not the only products formulated with Splenda®. Velvet

has developed a line of ice creams with no-sugar added and 7-8 g of fat per serving. They are



available in four flavors: Vanilla, Dutch Chocolate, Butter Pecan & Cashew, and Cherry Fudge
Cordial. One of the newest Splenda® containing desserts comes from the SouthWest Dairy
company. In March 2002, they launched a low-sugar, low- carbohydrate line called LeCarb
Frozen Dessert. It has 7 g of fat per serving but is safe for diabetics and is a great snack for low
carb dieters. The product is a rich full-bodied dessert with the creamy consistency of ice cream.
It is available in four flavors: chocolate, lemon, strawberry and vanilla, and is sold nationally
(Dairy Foods Online, 2002).

2.2.2 Physical and Chemical Properties

Sucralose (1,6-dichloro-1,6-dideoxy-B-D-fructofuranosyl 4-chloro-4-deoxy-a-D-
galactopyranoside) was approved for use in food products by the US Food and Drug
Administration in April 1998. It is made from sugar with a chemical formula of C;,H;905Cl3
and is a free-flowing, white crystalline powder. Sucralose is available to food and beverage
manufacturers in either crystalline powder or 25% solution in water. The sweetness is about
600x that of sugar (Quinlan and Jenner, 1990) with a range of 320-1,000x depending on the food
product. When used alone in water it is about 500-750x sweeter than sucrose. The sweetness
can be influenced by a number of factors including pH, temperature, and food ingredients such
gelling agents, starches, and fats. In cola, for example, sucralose gives a sweetness of 450x of
sucrose, while in strawberry milk it is 680x sweeter (Tate and Lyle, 1997). The crystalline form
is highly soluble even at low temperatures. At 68°F, its solubility in water is 28%, significantly
higher than many other high-intensity sweeteners. This allows it to be readily incorporated into
most food products (Tate and Lyle, 1997).

The manufacturing process involves a five-step process that selectively substitutes three

chlorines for three hydroxyl groups in the sugar molecule resulting in an approximate purity of
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98% (Federal Register Vol.63, No.64, 1998; Wiet and Beyts, 1992). Only a small amount of
sucralose is metabolized resulting in limited digestibility. The small amount, which is absorbed,
is not metabolized for energy (Pszczola, 1999). Studies, using a model solution of 1% sucralose,
have shown that the breakdown does occur due to simple hydrolysis and no further degradation
products are formed. The breakdown results in only a loss of sweetness with no off-flavor
development (Tate and Lyle, 1997). The hydrolysis products including 4-chloro-4-deoxy-
galactose (4-CG) and 1,6-dichloro-1,6-dideoxyfructose (1,6-DCF) have been shown to be safe
through numerous studies performed.

The chemical properties of sucralose are more similar to sugar than many other artificial
sweeteners. One of the problems with using some artificial sweeteners lies in their ability to
remain stable and maintain sweetness under extreme conditions. Sucralose has excellent
stability under a broad range of processing conditions (Quinlan and Jenner, 1990; Barndt and
Jackson, 1990). When exposed to high temperatures, such as those used for cooking and baking,
it does not lose sweetness over an extended period of time (Pszczola, 1999). It also retains
sweetness when exposed to pasteurization, sterilization, and UHT processing (Tate and Lyle,
1997). A study performed on a UHT processed dairy dessert showed 0.012% hydrolysis at pH
6.7 at 140°C for 15 seconds. In a study to examine the effects of pasteurization, after a tropical
beverage containing sucralose was heated to 93°C for 24 seconds at pH 2.8, 0.0126% hydrolysis
product was detected (Tate and Lyle, 1997).

A detailed study on the stability of sucralose in baked products has been performed.
Three different products used in industrial production, with diverse baking conditions, were

chosen: a sponge cake cooked at 180°C for 25 mm, cookies baked at 210°C for 8 minutes, and
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crackers baked at 230°C for 4 minutes. Analysis of the products showed no measurable loss of
sucralose during baking (Barndt and Jackson, 1990).

Sucralose solubility in water was determined over a wide range of 20°C- 60°C and
measured in a thermostatically controlled Wheaton jacketted glass vessel and stirred with a
PTFE covered magnetic follower. The solubility in water increased with increased temperature.
Sucralose had a high solubility at 20°C indicating that it could easily be used by conventional
food and beverage manufacturing operations (Jenner and Smithson, 1989).

Dynamic viscosities of aqueous sucralose at 10%-50% w/w were measured from 20°C-
60°C. There was an insignificant difference in viscosity over the four shear rates of 512, 691,
939, and 1,280 sec™ demonstrating that sucralose solutions exhibited Newtonian behavior. The
sucralose solutions of 20% to 50% w/w had very similar viscosities. Due to its low viscosities
and Newtonian behavior, sucralose when used at normal levels in food manufacturing would not
cause mixing or dispersion problems (Jenner and Smithson, 1989).

A tensiometer was used to measure the surface tension of aqueous sucralose solutions
(10%, 1%, 0.1%) at 20°C. Dilute solutions of sucralose (0.1 and 1 g/100 mL) showed negligible
lowering of surface tensions, decreasing by 0.8 and 3.1 mN/m, respectively. This negligible
decrease of surface tension implied that sucralose is not a surfactant and should not cause
excessive foaming when used for soft drink products (Jenner and Smithson, 1989).

The pH of a 10% sucralose in water solution was 6.13 + 0.05 at 20 C. The water used
was tested and had a pH of 5.21 at 20'C. This indicated that sucralose may have a negligible
effect on the pH of aqueous solutions (Jenner and Smithson, 1989). The refractive index of 5,
10, 15, 20 and 25% w/w aqueous solutions of sucralose was measured with the Abbe

refractometer at 20°C. The linear relationship between the refractive index and the sucralose
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concentration implied that the refractive index provides a practical method for determining the
concentration of sucralose solutions (Jenner and Smithson, 1989).

The partition coefficient of saturated octanol-water mixtures was determined at 20° C.
The limit in either phase was 0.01 mol/L which restricted the maximum concentration in either
phase to 3.98 g/L. The partition coefficient of sucralose, over the range of octanol-water ratios
studied, was found to be log;o P =-0.51+05. This result showed that sucralose was poorly
soluble in lipids and therefore likely to behave similar to sucrose in multi-phase systems (Jenner
and Smithson, 1989).

The melting point of sucralose was determined using an electrothermal series 1 A melting
point apparatus in which samples were melted at the bottom of vertical capillary tubes. The
melting point of the sucralose heated at a rate of approximately 1°C per minute and corrected
using Chemical Reference Materials for calibration, was determined to be 114.5°C. When the
rate of heating was changed to 5°C per minute, the melting point was 125.5 (Jenner and
Smithson, 1989).

2.2.3 Sensory Properties

Many high-intensity sweeteners used today are similar to sugar, but lack one or more
attributes which makes them noticeably different. Previous studies have shown that single high
intensity sweeteners (HIS) carried attributes such as aftertaste (sweetness, bitter), non-sweet side
tastes, and bitterness (Redlinger and Setser, 1987; Ott et al., 1991; von Rymon Lipinski, 1991;
Ketelsen et al., 1993). Sucralose has similar flavor and sweetness profiles compared to sucrose.
The time intensity rating of sucralose and a 5% sugar solution at varied time increments (1-135
seconds) on an intensity scale of zero to eight was similar (Tate and Lyle, 1997). A Flavor

profile of sucralose and sucrose at 9% equivalence was performed by Tate and Lyle (1997) using

13



a 50 point scale. The taste profile descriptors included sweetness, peaked, caramelized, saltiness,
bitterness, numbing, body/thickness, fruity, metallic, astringent, sweet aftertaste, and bitter
aftertaste. Most of the attribute ratings for sucralose are very close to that of sucrose, except the
sweet aftertaste with a mean difference of about 5. National Food Laboratories USA conducted
a flavor profile of sucralose and sucrose in which the food system was either 5% sucrose or
sucralose in water at neutral pH. The taste profile descriptors compared were sweetness,
sharpness of onset, body/thickness, bitterness, sweetness aftertaste, nonsweetness aftertaste, and
metallic sensation. The results showed that the flavor profile of sucralose is similar to that of
sucrose with sharpness of onset being the only noticeable difference (Pszczola, 1999).

Wiet and Beyts (1992) compared bitterness, sourness, body, sweetness aftertaste, non-
sweetness aftertaste of sucrose with that of sucralose, aspartame, saccharine, and acesulfame-K.
Trained panelists provided a sweetness estimation for each sweetener at six different
concentrations using the magnitude estimation scale. The results indicated that sucralose,
sucrose and aspartame had similar taste properties (Weit and Beyts, 1992).

Hanger et al. (1996) conducted a study on “Descriptive Profiles of Selected High
Intensity Sweeteners (HIS), HIS Blends, and Sucrose.” High intensity sweeteners including
acesulfame-K, aspartame, sucralose, saccharine, and cyclamate were evaluated either singly or in
selected blends by descriptive analysis to determine similarity to sucrose at 4%. The study
showed that the variation among sweeteners and blends was due to off flavor, bitter, sweet
aftertaste, and bitter aftertaste rather than sweetness.

2.2.4 Shelf-Life

Although studies show that sucralose does hydrolyze, much like sucrose into

monosaccharides under acidic conditions, it does so at a much slower rate. Sucralose has been
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shown to retain its sweetness through extended storage periods. While sucralose is most stable at
pH 5-6 its stability increases as the pH increases from 1 to 5. It has been shown to be
remarkably stable in acidic solutions. At pH 3 (20°C), there is less than 0.5% hydrolysis
products after 52 weeks of storage, and no significant changes occur at pH 4, 6, and 7. This
shows the ability of sucralose to remain stable in both neutral and acidic conditions (Tate and
Lyle, 1997).

In a study conducted by Quinlan and Jenner (1990), beverages sweetened with sucralose
were subjected to conditions designed to simulate that of the typical shelf life of the product
under some extreme conditions. Cola, lemon/lime, and coffee beverages were stored in either a
dark or light environment for up to 26 weeks at 20°C, 25°C, or 80°C. Sucralose was stable under
all the conditions tested, thus confirming the suitability for its use as a sweetener in soft drinks
(Quinlan and Jenner, 1990). Further evidence of its stability was confirmed with a study
performed by Tate and Lyle (1997). Sucralose in an aqueous solution at pH 2.5 and 3.0 stored at
20°C or 30°C, respectively, for a period of one year had a retention of over 98% (Tate and Lyle,
1997).

2.2.5 Safety

The safety of sucralose has been evaluated since its discovery in 1976. Over 110
scientific studies involving humans and animals have been conducted, many of which were
designed to identify possible carcinogenic, reproductive, and neurological effects. Sucralose has
been shown to be safe for all populations, and thus products which contain sucralose are not
required to carry a health warning label. The estimated daily intake of sucralose was established
by the U.S. FDA from projections based both on the amount of sucralose proposed for use and

the consumption levels of these particular foods. The EDI (Estimated Daily Intake) of the
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additive is compared to the ADI (Acceptable Daily Intake) established through the toxicity data.
Chronic exposure for a food additive is commonly referred to as how much the 90th percentile
consumer would eat. The FDA has determined that this 90th percentile EDI for sucralose for
consumers two years and older (“all ages”) to be 98 mg/person/day, equivalent to about 1.6
mg/kg bw/day. Since sucralose can hydrolyze in some foods, and therefore be ingested by the
consumer, the 90th percentile EDI was determined to be 285 pg/person/day or equivalent to
about 4.7 ng/kg bw/day (Federal Register Vol.63, No. 64, 1998).

In a reproductive/development toxicity study, sucralose was evaluated in a two-
generation study. The subjects were 30 male and 30 female rats and the treatments used
included 0.3%, 1.0%, and 3.0% sucralose in the diet for 10 weeks prior to breeding and through
two successive generations. No treatment-related effects on any reproductive endpoints were
observed in either generation. The FDA concluded that sucralose did not cause any reproductive
effects in rats fed with sucralose up to 3% in the diet (memorandum 5, 10, 11, 12). The
hydrolysis products were tested similarly in a two-generation study with 30 male and 30 female
rats with the equimolar mixture of sucralose hydrolysis products (4-CG and 1,6-DCF) at 0, 200,
600, and 2000 ppm for ten weeks. Decreased food intake was observed in males and females in
the high dose group. In both generations there was a reduction in weight gain of females during
pregnancy and in offspring from birth to weaning. No treatment related-effects were observed
on reproductive organs or functions and no other effects, other than reduced body weight, were
observed (memorandum 5, 10, 14, 16).

In a chronic/toxicity carcinogenicity study, sucralose was evaluated in three phases, i.e.,
breeding, carcinogenicity, and chronic toxicity. The sample size was 70 male and 70 female

Sprague-Dawley CD rats. The treatments used were 0%, 0.3%, or 3.0 % sucralose in the diet for
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a four week period prior to mating and during gestation. No treatment-related effects on
reproductive performance or fertility were observed during the breeding phase. In the chronic
toxicity and carcinogenicity phases, survival was unaffected by the sucralose treatment. In the
carcinogenicity phase, no evidence of treatment-related neoplasia was observed in any of the rats
(memorandum 19). There was an apparent increased incidence in male rats with hepatocellular
clear cell foci but the FDA concluded this was incidental and not treatment-related
(memorandum 5, 20).

The hydrolysis products were tested on 50 male and 50 female Sprague-Dawley CD rats.
The treatment included an equimolar mixture of hydrolysis products at 0, 200, 600, and 2,000
ppm in the diet for 104 weeks. There was no evidence of treatment-related neoplasia in any of
the dose groups. The FDA concluded that sucralose hydrolysis products were not carcinogenic
when administered as an equimolar mixture in the diet up to 2,000 ppm (memorandum 5, 19,
31). The female group which received 2,000 ppm had a 24% reduction in bodyweight relative to
the control. It could not be determined whether body weight loss was fully accounted for by the
reduced food intake. The FDA concluded that the mid-dose of 600 ppm was the no-observed-
effect level for hydrolysis products of sucralose in rats (memorandum 5, 10).

Several studies were performed to evaluate sucralose acceptability and palatability when
administered to rats via drinking water. Sucralose was acceptable when administered up to 3,200
ppm but resulted in reduced food intake when consumption was above 800 ppm. In a paired-
feeding study, Sprague-Dawley CD rats were divided into five groups based on body weight.
Twenty rats were randomly selected from each of the weight categories and assigned to one of
the five groups. The study lasted for eight weeks. Significant differences in food consumption

and body weight were observed in both the 3% dietary administration group and its pair-fed
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control group relative to the ad libitum controls. McNeil Specialty Products Co. (McNeil)
identified reasons for the loss of body weight. However, FDA disagreed with these reasons and
stated that additional data were needed to resolve this issue (Federal Register Vol.63 No.64,
1998).

A new study was performed for two reasons: to determine whether weight gain
decrement observed in sucralose-fed rats subjected to the combined chronic
toxicity/carcinogenicity study could be solely explained by reduced food intake and to establish a
no-observed-effect level for body weight loss after chronic administration. Eight groups of
Sprague-Dawley CD rats, 20 males and 20 females per group, were used for the study. Three
groups were fed with ad libitum basal diets containing 0, 1, or 3% sucralose. Three groups were
fed with restricted amounts of basal diets at 85, 90, or 95% of that eaten by the ad libitum
controls. Two groups were on restricted diets, 90% of ad libitum controls, and also contained
either 1% or 3% sucralose. Significant differences in body weight were observed in both 3%
groups (memorandum 33). A 3.9-6.3% reduction in body weight was observed after adjustment
for food consumption and initial body weight. Thus food consumption only partially accounted
for the weight loss observed in the 3% groups. Weight loss in the 3% groups stabilized after 15
weeks for males and 20 weeks for females, therefore the FDA concluded that the 26 week study
was sufficient to evaluate weight loss effects. The no-observed-effect level in this study was the
1% sucralose-fed group (500 mg/kg bw/day) (memorandum 34).

Using the no-effect level stated above (500 mg/kg bw/day) and applying a 100-fold
safety factor, the FDA has determined the ADI of sucralose to be 5 mg/kg bw/day, which is well
above the 90™ percentile EDI of 1.6 mg/kg bw/day (memorandum 10, 45). A two-year

carcinogenicity study of sucralose hydrolysis products established a no-observed-effect level at
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0.6% dose level (equivalent to 30 mg/kg bw/day). This also was well above the 90" percentile
EDI 0f 0.0048 mg/kg bw/day (Federal Register Vol.63 No.64, 1998).
2.3 Acesulfame-K

2.3.1 Usein Sherbets/Related Products

In many dairy products, sugar and carbohydrate sweeteners are used mostly for taste but
not for functionality. Dairy products that may contain high intensity sweeteners include fruit-
flavored yogurts, white cheese, flavored milk, cocoa beverages, milk-based desserts, ice cream,
and related products. In ice cream products sugar plays a role more than just a sweetening agent.
It has certain functional properties which cannot be provided by artificial sweeteners. Compared
to sugar, sugar alcohols provide similar characteristics, but have a lower sweetness, and can be
combined with acesulfame-K resulting in a pleasant taste and texture (Lipinski, 1991).

2.3.2 Chemical Properties

Acesulfame-K is the generic name for 6-methyl- 1,2,3-oxathiazine-4(3H)-one-2,2-
dioxide potassium salt or 3,4-dihydro-6-methyl-1,2,3-oxathiazin-4-one-2,2-dioxide potassium
salt. Its formula is C4H4sNO4SK with a molecular weight of 201.2 and can be referred to as a
cyclic ester of acetoacetamide-N-sulfonic acid in the enol form. Acesulfame has characteristics
similar to that of acids because of the acid hydrogen in position three on the ring system. Salts
like acesulfame potassium are formed in the presence of bases. Salts such as sodium and
calcium salt can be produced but they have no commercial importance (Clauf3, 1976).
Acesulfame-K forms monoclinic crystals and a P2;/c order is shown using X-ray diffraction
crystal structure analysis (Paulus, 1975).

The density of solid acesulfame-K is 1.81 g/cm® while that of the commercial

acesulfame-K has a range of 1.1-1.3 kg/dm’. Acesulfame-K does not show a defined melting
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point although decomposition starts at above 200°C. The decomposition point depends on the
heating rate and at about 225°C it is normally observed under conditions of melting point
determination (Clauf3, 1976). Acesulfame-K forms colorless to white crystals and has a
maximum absorption at 227 nm in the UV range with an extinction coefficient of 1.0762 x 10*.
It is freely soluble in water and its solubility increases with increased temperatures. Solubility
rates are shown in Tables 1 and 2 below. Because of its solubility, acesulfame-K can be
dissolved in bulk sweetener syrups or homogeneously distributed in beverages or foods (Clauf3,
1976).

Acesulfame-K, an artificial sweetener about 200 times sweeter than sucrose, is
manufactured by Nutrinova Inc., Somerset, N.J., a subsidiary of the Germany-based Hoechst
AG. It is being marketed in the United States under the trade name Sunnet®. Over 2,000
commercial food and beverage products in over 90 countries worldwide, from dessert mixes to
alcoholic beverages, are formulated with this sweetener. Acesulfame-K is made from a process
which involves the transformation of an organic intermediate, acetoacetic acid, and when
combined with potassium forms a highly stable crystalline structure which is not metabolized. It
contains no calories and provides a sweet, clean taste and remains stable over high temperatures.
Because of its stability, beverages can be pasteurized without loss of sweetness and even baked
foods can be heated to higher than 200°C with no indication of acesulfame-K breaking down or
losing its sweet taste. Like sucralose it has stability over a wide pH range and storage
temperature conditions and requires no health claim label. It also has no effect on blood glucose

levels, cholesterol, total glycerol, or free glycerol levels (Pszczola, 1999).
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Tablel1l. Solubility of acesulfame-K in water

Temperature (°C) Solubility (g/L)
0 150
10 210
20 270
30 360
40 460
50 580
70 830
100 1300

Modified from Clauf3 et al. Z. Lebensm.Unters. Forsch. (1976)
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Table2. Solubility of acesulfame-K in organic solvents

Organic Solvent Temperature (°C) Solubility (g/L)
Methanol 20 10
Ethanol (anhydrous) 20 1
Ethanol — water (80:20, v/v) 23 46
Ethanol — water (60:40, v/v) 23 100
Ethanol — water (40:60, v/v) 23 155
Ethanol — water (20:80, v/v) 23 221
Glycerol (anhydrous) 20 30
Glycerol — water (80:20, v/v) 20 82
Glycerol — water (50:50, v/v) 20 162
Acetone 20 0.8
Glacial acetic acid 20 130

Modified from Clauf3 et al. Z. Lebensm.Unters. Forsch. (1976)
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2.3.3 Sensory Properties

Acesulfame-K acts in synergy with other sweeteners, including both nutritive and
nonnutritive. For example, when it is combined with aspartame, a more sugar-like taste is
observed and sweetness intensification can be up to 40%. In a study conducted in Frankfurt by
Nutrinova, blends of acesulfame-K and aspartame were combined with 10% oligosaccharides
such as inulin, oligofructose, or galactooligosaccharide syrup. The blend had an additional
sweetness intensification of 35% (Pszczola, 1999). Acesulfame-K in an aqueous solution has a
sweetness intensity that is based not only on concentration, but also on the presence of other food
constituents. This synergism has been studied in several systems particularly acesulfame-K and
aspartame as mentioned above. The greatest synergy resulted when a 1:1 ratio was used
although variations in the blend ratio resulted in higher sweetness levels than expected (Lipinski,
1989). Since acesulfame-K is generally perceived quickly, and fades fast, it should combine
well with sweeteners having a more lasting sweetness. Studies have shown that when blends are
used rather than individual sweeteners the result is a more balanced sweetness profile.
Synergism in blends of acesulfame-K and aspartame were studied by van Tournout et al (1985).
An increase in synergism was observed from 4% (2.5% fructose and 0.032% acesulfame-K) to
10% (5% fructose and 0.012% acesulfame-K) (van Tournout et al., 1985).

Multi-dimensional evaluations were performed by Schiffman et al. (1979) on taste
characteristics of a variety of sweet-tasting compounds. The results of the study may have been
impaired because of the high concentrations of acesulfame-K used exceeded the amount needed
for maximum sweetness (Hoppe and Gafzmann, 1985). When used in high concentrations,
acesulfame-K has some bitterness and some aftertaste. A variety of side-tastes including

astringent, bitter, soapy, and metallic were determined by Paulus and Braun (1988) for the
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sweeteners saccharin, cyclamate, a saccharin-cyclamate blend, aspartame, and acesulfame-K.
Side-tastes varied significantly between different applications. The most common side taste for
acesulfame-K was bitter or astringent (Schiffman et al., 1979).

2.3.4 Shelf-Life

Stability of acesulfame-K in aqueous environments is important, because most foods
contain some water. When exposed to temperature levels and storage periods common in food
manufacturing, only slight decomposition of acesulfame-k was observed. Exposure of dry
acesulfame-K to elevated temperatures, i.e., 100°C for 24 hr, resulted in no change in product
characteristics. The stability in an aqueous solution depends on both pH and temperature.
Acesulfame-K works excellent when foods have a pH of 3 to 7. As the pH increases so does its
stability. When a solution buffered to pH 7.5 was held for 10 years storage time and analyzed,
about 99% acesulfame-K remained, showing no significant difference from the original amount.
At pH 3 and after continuous exposure at 30°C for one year, more than 90% of the acesulfame-K
remained (Table 3). Furthermore, the recovery level increased at pH 3.5 at both 20°C and 30°C
(Table 3). An exposure of acesulfame-K at 120° C for 1 hour in a solution of pH 4 showed no
sign of decomposition (Clauf et al., 1976). A number of studies have shown that acesulfame-K
does not react with food constituents or other food ingredients, nor is it attacked by
microorganisms. Only some actinomycetes, like Nocardia spp., were able to degrade
acesulfame-K (Lipinski, 1999).

2.3.5 Safety

Acesulfame-K was approved for food use by the US Food and Drug Administration in
1988. An estimated daily intake (EDI) of 1.6 mg/kg body weight/day was established along with

an acceptable daily intake (ADI) of 15 mg/kg body weight/day. The toxicity has been tested in
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Table3. Storage stability of acesulfame-K in buffered aqueous solutions

Temperature 20°C

Storage Time pH3 pH 3.5
(weeks) % recovery % recovery
0 100 100

15 98 98

30 98 98

50 98 99

100 95 98

Temperature 30°C

Storage Time pH3 pH 3.5
(weeks) % recovery % recovery
0 100 100

16 97 100

30 95 97

40 92 98

50 91 96

Modified from Clauf3 et al. Z. Lebensm.Unters. Forsch. (1976)
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rats and it was determined that the acute oral toxicity (LDso) level is at 7,431 mg/kg body weight
and the intraperitoneal at 2,243 mg/kg body weight. Some of the studies which were important
to the approval of acesulfame-K for food use are briefly reviewed below. In a 90-day study by
Sinkeldam et al. (1991) to determine the toxicity effect of acesulfame-K, ten male and ten female
Wistar rats were supplemented with 0%, 1.0%, 3.0% or 10% acesulfame-K in the diet. Results
showed that the behavior and survival rate were unaffected by treatment, although in the male
group which received 10% acesulfame-K, slight diarrhea occurred. Also at this dose, growth
rate was inhibited for both sexes during the first four weeks of treatment. Hematological
parameters were unchanged except for an isolated slight decrease in the percentage of
neutrophils observed in the females at the 3% dose level. Urinalysis did not indicate any adverse
effects from supplementation with acesulfame-K. Post-mortem findings did show an increase in
liver and kidney weights at the 10% level in females. The weights of ceca increased in the 10%
group for both sexes but in the 3% level group for female only. It has been seen in other studies
that the increased ceca contents were mainly due to increased water content (Sinkeldam et al.,
1999)

In a combined chronic toxicity and carcinogenicity study, 20 male and 40 female
weanling CPB-WK SPF rats were supplemented with 0 (control), 3,000, 10,000, and 30,000 ppm
acesulfame-K. After 120 weeks for males and 113 weeks for females, the surviving rats were
decapitated and an autopsy performed. The mortality of the male controls compared similarly to
that of the males in the 1% level group while mortality in the female controls was similar to that
of the females in the 1% level group. At 3% level low mortality rates were observed in both
male and female rats. At the end of the experiment the mortality rat