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ABSTRACT

3A 2 factorial experimental design was used to study various 

combinations of xylitol (4 and 6%), fructose (4 and 6%) as sweeteners 

replacing sucrose and low dextrose equivalent (DE) corn syrup solids 

(CSS) (10 and 12%) in frozen dessert formulations.

The products have possible improved dietary use for diabetics 

since xylitol, fructose and low DE corn syrup solids can be metabolized 

without a significant effect on blood glucose level.

Theory of signal detection was used to analyze the data gener

ated by an untrained sensory evaluation panel. In general, the products 

with 10% CSS were preferred to those with 12% CSS.

The dessert having the higher amounts of xylitol (6%) and fruc

tose (6%) with low corn syrup solids (10%) was the one most preferred.

During three months of storage, the desserts did not develop 

sandiness due to low amounts of lactose.

Meltdown characteristics were poor due to the formation of a 

gel-like structure probably because of the starch plus added stabilizer, 

therefore, stabilizer could probably be eliminated from the formulation.

Problems with off-flavors and shrinkage could be corrected by 

minor changes in the formulations.

This frozen dessert does not meet some of the requirements for

ice cream standards of identity since non-dairy products are used.

r

X



INTRODUCTION

Since the beginning of time, man has associated a sweet taste 

with non-toxic substances, and bitter with toxic substances; man has 

also related sweet with good and sour with bad. Although it may have 

been felt at one time that no natural sweetener was toxic, this idea 

may not be completely valid today; sucrose is now associated with sev

eral health problems that range from simple dental caries to diabetes 

and cardiovascular problems.

Researchers have found that sweeteners were used since prehis

toric times. Inscriptions on Egyptian tombs described the art of pro

ducing honey for use as a sweetener. It appears that the Arabs were 

the first ones to develop the first refining process for sugar (Coun

sell 1978).

Sucrose is the major sweetener in many food products such as 

desserts and has been the major one used for many years. In the past 

20 years, technologists have been interested in the development of 

other sweeteners with the result that several are being used today.

Some of these sweeteners are non-nutritive or aritificial including sac

charin (used since 1879.) 9 cyclamates and many others. As a consequence 

of this non-nutritive property many new food products have emerged, 

and new artificial sweetened products are seen regularly on the market. 

One of the objectionable problems with the use of artificial sweeteners 

is their tendency for an aftertaste characteristic. This undesirable



property is common for most artificial sweeteners. The use of a 

sweetener that will not leave this aftertaste, be at least as intensely 

sweet as sucrose and have the characteristic of being a natural product 

were among the objectives of this research.

Of the wide array of available sweeteners, the ones chosen were

xylitol and fructose. They were chosen because both are natural, and 

not many reports are known concerning products made with these two 

products. Both are very different in chemical structure; one is a 

polyalcohol and the other a monosaccharide. These two sweeteners were

tested iii a vanilla flavored ice cream-type frozen dessert.

Another objective of this research was to include a carbohy

drate array that could be used by diabetics. Diabetes mellitus and 

complications associated with it is now the third leading cause of 

death in the U.S. (Notkins 1979). Many studies have been conducted 

in an attempt to cope with this carbohydrate metabolism disorder, but 

most have been unsuccessful, with the result that only the use of drugs 

and a controlled diet are available to aid in the disease. Many of 

the food items that a normal person eats are prohibitive for the di

abetic, including those high in certain carbohydrates such as simple 

sugars. Examples are ice cream and bakery products, just to name a 

few.

The new trend in dietary management for diabetics is to inr- 

crease the carbohydrate intake in the form of starches and fibers and 

to lower the fat intake. Previously, the converse was recommended with



the resultant problems of high cholesterol intake and obesity 

(David Go Johnson,, personal interview 1979) -

Xylitol is a polyalcohol with a sweetening power the same as 

sucrose. As compared with sucrose, it does not cause blood glucose 

elevation during metabolism because of its passive diffusion from the 

intestine. Major studies have shown that diabetics can utilize fruc

tose and starch readily (Brunzell 1978).

In the experimental ice cr.eam-type frozen desserts, some dairy 

ingredients were replaced by inexpensive non-dairy materials such as 

corn starch, corn syrup solids and sodium caseinate. This accounts 

for the use of ice cream-type frozen dessert terminology. One point 

to make clear is that this food is not a low calorie or dietetic prod

uct. . It has almost the same caloric content of conventional ice cream. 

The only difference is in its ingredient array identity including the 

sweeteners used. It is not intended therefore, to be a product for 

weight control, but to aid the diabetic with hyperglycemia problems.

The current standards of identity for ice cream do not provide 

for the use of xylitol as a sweetener. The Food and Drug Administra

tion (F.D.A.) has a restriction because of some inconclusive findings 

concerning its carcinogenicity in rats. Currently the annual world 

production of xylitol is about 6000 tons compared to 80 million of su

crose (Counsell 1978). Advances in technology can be expected to lower 

the cost of xylitol and to facilitate production. It could then be 

available for wider use in products made currently with sucrose. It



could also be used in new products that will not be detrimental to 

diabetics and others as desserts or beverages sweetened witfh sucrose.



REVIEW OF LITERATURE

Xylitol

Bertrand and Fisher prepared xylitol as early as 1891, 

initially by acid hydrolysis of straw, later by a similar hydrolysis 

of wood shavings. This, process first gave xylose which was then re

duced to xylitol with amalgam. Crystallization of the syrup was not 

possible because of impurities (Kracher 1975).

Xylitol is a pentitol (a pentavalent alcohol). It is a normal 

intermediary product of carbohydrate metabolism in man and other ani

mals, and is also found as a natural component in many fruits and vege

tables.

Extraction of xylitol from fruits and vegetables is not consid

ered economically feasible since its concentrations in plants: is much 

lower compared to that of sucrose in sugar cane or sugar beets (Emodi 

1978).

Thin layer chromatography (TLC) and gas liquid chromatography 

(GLC) have been the analytical methods of choice to determine xylitol 

and other pentitols in fruits and vegetables.

The xylitol content of certain common fruits and vegetables 

range from 4.5 to 935 mg/100 g of dry matter (Table 1).

The raw materials from which xylitol is obtained commercially 

are wood pulp from paper processing, birch and other hardwood chips.

5
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Table 1. Xylitol Content (mg/100 g dry matter) of Several Fruits 
and Vegetables

Product Xylitol Content

Yellow Plum 935

Strawberry 362

Cauliflower 300

Raspberry 268

Endive 258

Aubergine 180

Lettuce 131

Yellow Boletus Mushroom 128

Spinach 107

Onion 89

Carrot 86.5

Banana 21

Chestnut 14

Brewer's Yeast 4.5



cottonseed hulls9 cane sugar baggase, rice and oat hulls, straw, pecan 

shells, and other agricultural by-products (Emodi 1978).

D-Xylose the intermediate precursor in xylitol production is 

obtained in different yields from the hydrolysis of xylose containing 

hemicelluloses-xyIans. Such xylans are abundant (together with cellu

loses and lignins) in the structural tissue of monocotyledons, notably 

birch wood (Fratzke and Reilly 1977). The raw material cost of these 

by-products is relatively low which makes the production of this com

pound (xylitol) a promising enterprise. Currently, production methods 

can be considered to be in a developmental stage which elevates produc

tion costs and results in a market price of $3.00/lb., compared to 

$0.70/lb., of sucrose. Due to its current high cost, new methods have 

been studied to develop a more inexpensive process for xylitol produc

tion including enzymatic conversion of glucose to xylitol, enzymatic 

and chemical conversion of corncobs, chemical conversion of baggase 

and conversion of cellulose to xylitol (Moore 1977). Birchwood and 

corncobs have a xylosyl content of about 30%. In contrast to plant 

cellulosics, the hemicellulose fraction of agricultural plant wastes, 

largely arabinoxylans and glucuronoarabinoxylans, is readily hydrolysed 

in yields as high as 85-90% under acidic conditions; typically 1% H^SO^ 

at temperatures ranging from 100 to 130°C are used (Fratzke and Reilly

1977). Xylitol can also be produced biologically by yeast fermentation 

(Onishi and Suzuki 1966) and by oxalic acid treatment of vegetable mat

ter (Moore 1977), but so far only the chemical process has gained im

portance (Emodi 1978).



Xylitol has important 9 unique physical and chemical properties 

(Table 2)• Differences between xylitol and sucrose include- the fol

lowing: xylitol is more water soluble9 it has lower viscosity9 it has

different crystallization properties9 it does not exist in a glass

like state9 it does not undergo the Maillard reaction (non-enzymatic 

browning)9 it will not caramelize9 it is not fermentable by yeasts and 

it is a poor substrate for many other microorganisms (Moore 1977).

Xylitol1s unique negative heat of solution (-36.61 cal/g) 

causes a cooling sensation when crystals of it are placed on the mouth. 

This is due to the heat removed from the solvent (water in saliva) and 

the temperature of the solution is lowered. This characteristic can 

be used to enhance the cool sensation of confections9 chewing gum9 etc.

Xylitol is generally considered to have a sweetening power 

equal to that of sucrose. Under certain conditions., however9 its 

sweetening values can be above or below the sucrose equivalence. These 

changes are due to the combined effects of various organic acids and 

temperature (Figure 1 and 2).

Xylitol provides 4.06 Kcal/g; the identical caloric value for 

other carbohydrates.

Table 3 gives a comparison of the relative sweetness of xylitol 

and other sweeteners (sucrose 100) (Krachef 1978).

An important characteristic of xylitol concerns the fact that 

it is not a good substrate for microorganism growth. It is not metab

olized by caries-causing bacteria such as Streptococcus mutans which



9

Table 2. Properties of Xylltol (based on Moore 1977)

Empirical formula

Structural formula

Molecular weight

Appearance

Color

Taste

Odor

Relative sweetness (sucrose=100) 

Melting point (°C)

Boiling point (°C)

Solubility in H^O (g/100 ml at 20°C)

Solubility in ethanol (g/100 ml)

Solubility in methanol (g/100 ml)

Hygroscopicity (90% RH)
20Optical rotation ([a]^ )

Viscosity (50% aqueous, cp)

Index of Refraction (25°C, 50%) 

Possible impurities

Heat of solution (cal/g)

Fermentation

Browning, caramelization

C3H12°5
HOHH 

HOCH -C-C-C-CH OH 
OH H OH

152.1

Crystalline powder 

White 

Sweet 

None 

100
93.4-94.7

216

64.2

1.2 

6.0 
90

(-) not active

8.04

1.4132

Mannitol, sorbitol, 
galactitol, arabitol

-36.61

(-)
(-)
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Figure 2. Effect of Temperature on Xylitol Sweetness (Emodi 1978)
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Table 3. Relative Sweetness of Substances

Substance Relative Sweetness Value

Fructose 1.2

Xylitol 1.0

Sucrose 1.0

Dextrose 0.7

Sorbitol 0.5

Mannitol 0.5

Maltose 0.4

Lactose 0.3

Starch hydrolyzates 0.3-0.8
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is considered to be a part of the flora in the oral cavity and is 

thought to produce caries-promoting acids (Emodi 1978)„

Caries may be retarded by substitution of sucrose with xylitol. 

A two year trial involving the complete substitution of sucrose by 

fructose or xylitol was carried out at the University of Turku, Fin

land, The test involved an initial 125 volunteers with a mean age of 

27,6 years. Volunteers were divided into three groups depending on 

their preference for sucrose9 fructose and xylitol. The results were 

based on the 115 individuals that completed the study. Certain clin

ical, radiographic, biochemical and microbiological studies were com

pleted in order to evaluate the development of dental caries (Scheinin

1978).

The results showed reductions of more than 30% and 85% in 

caries in the case of the fructose and xylitol diets respectively, when 

compared to the ones containing sucrose (Figure 3) (Scheinin 1978).

Although xylitol was first prepared in 1891, it was not until

1955 that Touster discovered its biological importance. He found xy-:

litol to be a normal intermediate in human metabolism in one of several 

inborn metabolic errors including essential pentosuria (Touster 1960).

The discovery of xylitol as a normal intermediary metabolic 

product in man and animals, led to the discovery of the glucuronic 

acid-xylulose cycle (Touster, Reynolds.'.-and Hutcheson 1956) . This cycle 

is connected to the pentose phosphate shunt (Figure 4).

It is presumed that the function of the Touster cycle is to

recycle glucuronic acid not used for synthetic reactions. In this
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Figure 3. Decayed, Missing or Filled Teeth (Counsell 1978)
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pathway, xylitol is the intermediate in the conversion of L-xylulose 

to D-xylulose which is then phosphorylated and enters the pentose 

phosphate shunt. This cycle takes place in the liver mitochondria 

(Touster et al. 1956),

It has been shown that a 70 kg adult person can metabolize 500 

to 600,grams of xylitol per day administered intravenously (Bassler 

1978); while the capacity of the Touster cycle is known to be only 5 

to 15 g of xylitol per day. This led to the search for a pathway that 

could explain the metabolism of the excess xylitol administered exo

genously. It was shown that exogenous-administered xylitol is dehy

drogenated to D-xylulose by the cytoplasmic enzyme L-iditol dehydrog

enase. D-xylulose then enters the pentose phosphate shunt (Bassler 

1978).

Xylitol, administered by either an oral or intravenous route, 

is metabolized as follows: 85% by the liver, 10% by the kidneys and

the remainder used by blood cells, the adrenal cortex and other tissues 

of lesser importance (Bassler 1978).

Several factors affect hepatic conversion of xylitol to glu

cose. These include the metabolic need for glucose.' From 20 to 80% 

can be converted; it can be changed to pyruvate or lactate or it can 

be totally oxidized (Bassler 1978).

Since the conversion of xylitol to glucose proceeds slowly (as 

is the case for starch), it has certain advantages for use by diabetics. 

Xylitol cannot be considered completely insulin independent because 

its metabolism does require small amounts of the hormone. Because of
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the low production of glucose9 however9 insulin secretion stimulation 

is very low. This can in turn cause appetite reduction (Bossier 1978).

When large quantities of xylitol are consumed., osmotic diarrhea 

may occur due to the fact that it is absorbed from the intestine by 

passive diffusion. Recommended daily oral intake limits are 50 to 

70 g/day spread uniformly throughout the day (Bassler 1978). Adapta

tions to amounts up to 200 g/day have been reported (Bassler 1978).

The turnover capacity in man is about 11 mg of xylitol/kg/min. 

This corresponds to a daily conversion of about 16 g of xylitol/kg 

which is about the same as the turnover rate for ordinary carbohydrates 

(Bassler 1978).

Finally9 studies at the Huntingdon Research Centre9 England9 

have suggested that xylitol used in diet can be associated with tumor 

formations in certain experimental animals other than man (Anonymous 

1978). Such findings are not conclusive.

Approval of xylitol1s food use in certain countries such as 

the U.S.A. 9 will depend on further studies to evaluate its safety. It 

is a substance of unusual properties which can be used advantageously 

as^an aid in many diets for certain people including small children. 

Xylitol?s potential use could have incomparable value as a sweetener 

in certain food formulations such as for frozen desserts.

Fructose

One of the most common natural sugars known is the monosaccha

ride fructose or levulose. This carbohydrate can be found in many
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fruits as well as in honey. Polymers of fructose called levans, are 

found in many plants and are also used as raw materials for* commercial 

production of fructose. An example is inulinn(levan found in dahlia 

and artichoke tubers) which is a commercial source of pure fructose 

(Doty and Vanninen 1975).

The fructose content of natural food items ranges from 2.13 

to 40.5 g/lOOg of edible portion (Table 4).

Fructose can be used as a sweetener for many types of foods, 

due to its particular physical, chemical and metabolic properties.

Fructose did not have any particular significance in food for

mulation before 1975. Since 1970 however, commercial quantities were 

introduced to the food industry particularly in Europe. Soon after 

this, fructose began to be proposed as a healthier food by food tech

nologists, nutritionists and dietitians (Doty and Vanninen 1975).

Industrial production of fructose is based on hydrolysis of 

inulin, or by the method used by the discoverer of fructose, Dubrunfaut 

in 1847. This is by an alkaline precipitation of the fructose moiety 

of sucrose as a calcium complex and then given an acid treatment to 

yield fructose (Doty and Vanninen 1975).

New and more efficient, economical processes have been devel

oped for fructose production by direct separation of fructose and glu

cose from invert sugar. This is accomplished by chromatographic ion 

exchange separation. The raw material is usually sucrose produced from 

sugar beets. This process is used for large-scale production; but due
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Table 4. Average Fructose Content in Common Foods (Doty and Vanninen 
1975)

Fructose Fructose in
Food (g/lOOg edible portion) Total Solids (%)

Honey 40.50 48.91

Grape 6.53 35.49

Apple 5.93 38.01

Banana 5.85 39.00

Pear 5.60 33.33

Cherry 5.35 27.29

Blackberry 3.28 19.52

Blueberry 2.74 17.68

Orange 2.56 18.28

Grapefruit 2.26 19.48

Strawberry 2.13 21.09
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to the high solubility of fructose in water9 crystallization is a 

problem (Doty and Vanninen 1975).

One advantage of fructose concerns its high relative sweetness, 

because of this, smaller amounts of fructose are required to give 

sweetness equal to that of sucrose.

Some of its physical/chemical properties are: a ketone-type

monosaccharide, crystal forms are anhydrous prisms of g-D-fructopy- 

ranose, melting point ranges from 102-104°C, in solution it exists in 

the pyranose and furanose configuration with the latter being the most 

stable, important and sweetest. Fructose is the most water soluble 

of all sugars; its viscosity is lower than sucrose; it is the most re

active of the sugars; it gives aromatic compounds when it reacts with 

proteins and it combines with proteins to give browning reactions. Its 

hygroscopicity and ability to undergo browning reactions are some of 

the reasons for its use in baked goods. Combinations of high concentra

tions of fructose, overheating and low pH can give undesirable flavors 

or discolorations (Doty and Vanninen 19.75) .

Of the naturally occurring sweetners, fructose has the highest 

relative sweetness value 173-180, with various values being found in 

the literature. The sweetness intensity of fructose varies inversely 

with temperature (Merimaa 1973).

Fructose combined with saccharin gives two particular charac

teristics; it masks the classical after taste of saccharin and, at the 

same time, gives a synergistic effect with it (Figure 5) (Hyvonen et al.
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Figure 5. Relative Sweetness of Fructose-Saccharin Sweetened Solutions 
CHyv’dnen et al. 1978)
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1978)• The data were collected from paired comparison tests and the 

average of 2 0  judgements were plotted (Hyvonen et al. 1978)f

Fructose is produced by hydrolysis of sucrose which is consumed 

in the normal human diet. Hydrolysis occurs in the small intestine.

In man up to 80-90% of fructose is absorbed from the jejunum as fructose. 

Only minor conversion of glucose to lactate during absorption (Cook 

1969). Fructose is transported by the portal blood system to the liver 

where it is converted by the enzyme fructokinase to fructose-1 - 

phosphate. It is then converted to dihydroxyacetone phosphate and 

glyceraldehyde. It then becomes an energy source for tissues (Figure 

6 ) (Heinz, Lamprecht and Kirch 1978).

Fructose does not stimulate primary insulin secretion which com

monly occurs under glucose influence. Also, insulin is not required 

for its transport into cells of pheripheral tissue or its phosphoryla

tion in the liver (Doty and Vanninen 1975).

Fructose is tolerated more easily than glucose or sucrose by 

diabetics. Up to 75 g/day can be consumed by many diabetic patients

without any harmful effect (Nikkila 1974).

As in the case of xylitol, fructose also has a reduced cario- 

genic effect compared to that of sucrose (Scheinin 1978).

One unusual property of its metabolism is its ability to accel

erate the oxidative breakdown of alcohol in the body. Fructose is 

used in medical treatments for acute alcohol poisoning (Arnold 1971).

Xylitol and fructose, due to their unique properties, can be 

used in certain combinations as the prime sweeteners in many foods such 

as frozen desserts.
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Figure 6. Metabolism of Fructose in the Liver (Herman 1972)
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No literature citations are known concerning the use of xylitol 

and fructose as sweeteners in ice cream-type frozen desserts.

Starch

In the food industry, starch is used in either native or mod

ified forms. It is used very extensively for the following purposes: 

stabilizer, thickener, carbohydrate source, texture modifier, extender, 

and processing aid (Wurzburg 1972). Its relatively low cost and uni

versal availability make it an important food ingredient. With its 

inherent nutritive value, starch becomes a particularly interesting 

food component.

There is a great variety of native starches each with distinc

tive characteristics depending on the plant source from which it is 

produced. Starches are produced commercially by extraction from common 

sources such as the seeds of corn, wheat sorghum, rice, roots of cassa

va, potato, arrowroot and the pit of sago palm (Wurzburg 1972). The 

most important source of commercial starch in many areas is derived 

from corn due to its relative low price. Contributing factors to its 

competitive price are its abundance, high yield per acre, high starch 

content, stability of grain during storage and marketable by-products 

(Wurzburg 1972).

Starch is a carbohydrate polymer composed of monomeric units of 

D-anhydroglucose. When starch is hydrolyzed by a dilute acid, it gives 

D-glucose units. The most common linkage between the monomeric units 

is the al-4 glucosidic bond. Starch is composed of two different
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polymers referred to as amylose and amylopectin- They differ in 

molecular weight and shape and in the linkage between monomeric units. 

Amylose is a linear polymer having an al-4 glucosidic bond with 200 to 

2000 glucose units (Figure 7). When reacted with iodine solution it 

gives a blue color. Amylopectin, on the other hand, is branced and 

each branch will contain from 15 to 25 glucose units. The linkage at 

the branch point is an al- 6  bond and the one between monomeric units 

al-4 (Figure 8 ). Amylopectin will not give a characteristic blue color

when reacted with iodine (Wurzburg 1972).

Starch is hydrolyzed by a-amylase (a-l, 4-glucan 4-glucanohydro- 

lase). This enzyme is found in saliva and pancreatic juice (Herman 

1972). Enzymatic hydrolysis of starch gives maltose, maltotriose, iso

maltose, some branched tri-, tetra-, penta-, and hexasaccharides and 

traces of glucose (Herman 1972).

Granules of starch are not soluble in cold water, but will ab

sorb water and swell slightly when exposed to moist environments. The

hydroxyl groups contribute the major factor of hygroscopicity. When 

starch solutions are heated above 60° C, the hydrogen bonds holding the 

granule will swell and, as temperature is raised, the granule will rup

ture forming a gel. This is called gelatinization. The gelatinization 

temperature varies with the type of starch (Table 5).

The behavior of starches during cooking or cooling is influenced 

by a number of factors. Sucrose, dextrose or other water soluble 

hydroxy-containing substance tend to inhibit the swelling of starch 

granules because such materials contain hydroxyl groups that have a
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O
Q< 1-4

Figure 7. Amylose Molecule, al-4 Linkage (Wurzburg 1972)



27

Figure 8 . Amylopectin Molecule, al-4 and al- 6  Linkages (Wurzburg 1972)
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Table 5. Gelatinization Temperature of Common Starches (Wurzburg 1972)

Starch Source Gelatinization Temp. (°C)

Idaho Potato 56 -67

Dominican Tapioca 58.5-70

Maine Potato 59 -67.5

Corn 62 -70

Waxy Maize 62.5-72

Waxy Sorghum 67.5-74

Sorghum 6 8  -75



29

strong affinity for water and interfere with the hydration and swelling 

of the granule (Wurzburg 1972).

Starch is used as an ingredient in candy5 various canned foods, 

bakery products, meats, etc. The basic property of starch depends on 

its action as a thickening agent or stabilizer, etc. There are many 

uses for starch with new products and applications expected to be de

veloped in the future (Wurzburg 1972),

At the time of this research, no reports were known in which 

starch was used in frozen desserts. The closest application involves 

the use of starch in puddings, or pudding-like products.

Diabetes Mellitus 

Diabetes mellitus is a disease which has been known since early 

times. There are references to the disease found in Eber papyrus of 

Egypt dating as far back as 1500 B.C. (Notkins 1979).

Aretaeus of Cappadocia, in the second century, named the disease 

diabetes (Notkins 1979). The word has a Greek origin meaning "to flow 

through a siphon" (Notkins 1979). Indian physicians, in the sixth 

century, recognized that urine from diabetics has a sweet taste. It 

was recognized in the 18th century that glucose was the substance caus

ing the sweet taste. The term mellitus was then added. This has a 

meaning translated as "honeyed" (Notkins 1979).

In 1889, Oscar Minkowski and Baron Joseph von Me ring were the 

first ones to discover the metabolic pathology of diabetes. . They were 

trying to determine whether or not the pancreas was essential for life.
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They found that the pancreas secreted a substance that regulated 

glucose metabolism (Notkins 1979).

Diabetes is a metabolic disorder which prevents normal carbohy

drate metabolism. The inability of the pancreas to produce even small 

amounts of insulin is the main cause of the disease. The disease is 

characterized by hyperglycemia (high blood glucose), polyuria, polydyp- 

sia and weight loss (West 1976).

There are two major types of diabetes mellitus; the juvenile 

onset type and the mature-onset type. The mature-onset type occurs in 

90% of all cases. It is, therefore, the most common type and occurs 

most often in people over 40 years of age who are characteristically 

overweight. This type is not insulin dependent and can be controlled 

by diet and by the use of hypoglycemic drugs. The juvenile-onset type 

is found in about 1 0 % of the cases and develops in people under 2 0  years 

of age. This type of diabetes is more severe and is also referred as 

insulin-dependent (Notkins 1979).

Many factors can be involved as the causative variables in dia

betics but the most important are obesity and genetics (West 1976).

Nutritional factors in diet can affect the risk of diabetes. 

Studies have shown that changing the dietary patterns in Japan, Africa 

and Israel were associated with increasing diabetes rates (West 1976).

There has, been some controversy concerning the diabetogenicity 

of fat, sucrose or refined carbohydrates. Increased diabetes rates 

have been found, however, in populations when sugar intake has 

increased (West 1976).
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The major goal in maturity-onset diabetes control, is reduction 

of caloric intake to reduce adipose tissue formation. On the other 

hand, in the case of patients with no endogenous insulin and who are 

not overweight, caloric intake should not be restricted (West 1976). 

Today, there is a better understanding concerning the different types 

of diets for diabetics. In general, diets generous in starch are very 

well tolerated by both insulin-dependent and insulin-independent pa

tients (West 1976).

The American Diabetes Association states that Hevery sixty 

seconds another American is diagnosed a diabetic” (TV Guide 1980)„

Ice Cream and Frozen Desserts

Ice cream and frozen desserts are food products that are pre

pared by the mixing of several ingredients such as milk products, 

sweeteners, stabilizers, flavoring materials and coloring (Cremers 

1974). There are various ways of classification of ice cream and re

lated products. Frozen Desserts Definitions and Standards of Identity 

of the U.S. Food and Drug Administration (F.D.A.) have identified the 

following products: Ice cream; frozen custard; French ice cream, French

custard ice cream; ice milk; fruit sherbet; water ice (Arbuckle 1977).

The minimum and maximum amounts of various components permitted 

in a frozen dessert are listed by the Federal Frozen Desserts Standards 

(Code of Federal Regulations, 21 CFR Part 20) (Table 6 ).

The production of a superior ice cream or frozen dessert will 

depend on the proper balance and quality of ingredients used in the
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Table 6 , Standards for Frozen Dairy Desserts (Cremers 1974)

Ice

Plain

Cream
Bulky
Flavors Ice Milk

Fruit 
Sherbet .

Water
Ice

Milk Fat 
(%) Min. 1 0 8 2 1 — —

Max. — - - - -

Milk Solids 
(%) Min. 2 0 16 1 1 5 -

Max. — ■ - — 5 -

Food Solids 
(lb/gallon)

Min. 1 . 6 1 . 6 1.3

Weight
(lb/gallon)

Min. 4.5 4.5 4.5 6 . 0

Stabilizer
(%)

Max. 0.5 0.5 0.5 0.5 0.5

Emulsifier
(%)

Max. 0.3 0.3 0.3 0.3

Salts
(%)

Max. 0.24 0.24 0.24

Acidity
(%)

Min. —  — - - 0.35 0.35
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dessert formulation and also the processing techniques that would 

be used,

The ingredients that may be used are grouped as follows: dairy

products9 sweetening agents9 flavors, other optional materials, stabi

lizers and emulsifiers9 mineral salts and coloring (Cremers 1974).

Frozen desserts vary in composition depending on type and quality 

(Table 7).

Function of Constituents

Fato The function of milk fat is of prime importance in the 

production of ice cream. Milk fat increases richness and creamy flavor, 

produce a smooth texture and full body (Cremers 1974). Milk fat tends 

to retard the rate of whipping and does not affect the freezing point 

of the mix (Arbuckle 1977). Limitations for its use are legal stan

dards, relatively high cost and its high caloric value. There are 

several sources of milk fat but the usual ones are fresh cream, whole 

milk, frozen cream, plastic cream or butter (unsalted) (Cremers 1974).

Milk Solids Non-Fat. Milk solids non-fat (MSNF) enhances pal- 

atability, increases food value and are economical. MSNF increase the 

ease of air incorporation during freezing (Arbuckle 1977). The compo

sition of MSNF is approximately 55.5% lactose, 36.7% protein and 7.8% 

minerals.

The protein fraction of MSNF will aid in the production of a 

compact, smooth ice cream instead of one with a weak, coarse' texture 

(Arbuckle 1977). Lactose in the MSNF limits the amount which can be
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Table 7. Representative Frozen Dessert Formulations (Cremers 1974)

Ingredients
Ice Cream 

Premium Average Ice Milk Sherbet

Milk Fat (%) 16 10.5 3 1.5

MSNF (%) 9 11.0 12 3.5

Sucrose (%) 16 12.5 12 19

css (%) - 5.5 7 9

Stabilizer (%) 0.1 0.3 0.3 0.5

Emulsifier '.(%) - 0.1 0.15 —

Total Solids (%) 41.1 39.9 34.45 33.5

(lb/gal) Mix 9.17 9.36 9.46 9.48

Overrun (%) 65.70 95-100 90-95 50

(lb/gal) Product 5.4 4.6 4.8 6.25
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used since its crystallization causes a sandy body and texture defect. 

MSNF will increase viscosity and resistance to melting and will lower 

the freezing point (Arbuckle 1977).

Sources of MSNF include fresh skim milk, condensed skim milk 

and non-fat dry milk solids (NFDMS) (Cremers 1974).

Sweetening Agents. Sweetening agents produce a desirable body 

and texture, enhances flavors, and provide the desired sweetening ef

fect (Cremers 1974). "A sweet ice cream is generally desired by the 

public" (Arbuckle 1977).

Sweetening agents increase the total solids, increase viscosity 

and lower the freezing point of a frozen dessert mix (Arbuckle 1977).

There are many kinds of sweeteners used in ice cream. Some of

the most common are: sucrose from sugar cane or the sugar beet, corn

sweeteners, malt syrup, brown sugar, lactose and, in the case of this 

research, xylitol.

Effect on Freezing Point. The freezing point of ice cream de

pends on the water soluble constituents in the mix and will vary with 

the composition of the mix. The freezing point of an average ice cream

mi^ is approximately -2.8 to -2.2° C, and is due to the amount of total

sugar content (Arbuckle 1977).

Mix freezing point is inversely proportional to the molecular 

weight of the component sugars. This means that the higher molecular 

weights have the least effect on freezing point depression while, on 

the other hand, the lower molecular weights will cause greater freezing 

point depression (Figure 9) (Arbuckle 1977).
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Since xylitol has a lower molecular weight than sucrose it will 

cause a greater decrease in freezing pointo As concentration of the 

sugar increases, the lowering will be greater (Figure 9),

Com Syrup Solids» Partial hydrolysis of starch will give a 

mixutre of mono- and oligisaccharides, and it is the combination found 

in corn syrups. The type of corn syrup most commonly produced in the 

U.S. is called 42 DE (dextrose equivalent). In the year 1975, 180 mil

lion kilograms were produced largely by acid hydrolysis (MacAllister

1979-). The term DE, refers to the fact that 100 parts of the corn
2+ 1+ syrup can reduce the same amount of Cu in a Fehling solution to Cu

as 42 parts of pur D-glucose, When starch is completely hydrolysed to

D-gluoose the DE would be 100. The degree of starch hydrolysis commonly

ranges from 20 to 55 DE.

Acid hydrolysis gives undesirable flavors that are too expensive 

to remove by refining methods (MacAllister 1979).

Corn sweeteners are used because of their relative low cost, 

their ability to increase solids without increasing sweetness, their 

effect on desirable body characteristics and their protection against 

development of coarse texture during storage (Cremers 1974).

The production of corn syrup solids (CSS) is accomplished by 

dehydration of corn syrups. They are available either as a white powder 

or as a coarse, granular material (Arbuckle 1977). Dextrins in corn 

syrup solids, being higher in molecular weight, tend to increase freez

ing point (Arbuckle 1977).
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Stabilizers. The prime function of stabilizers in ice cream is 

to produce a smooth body and texture by retarding crystal growth during 

freezing and storage, to create a uniform product and to provide resis

tance to melting (Arbuckle 1977). The ability of stabilizers to form 

gel structures in an aqueous system or to combine with water as water 

of hydration, is the function of stabilizers (Cremers 1974).

Some of the commercial stabilizers that are used in ice cream 

include: agar-agar, algin, propylenglycol alginate, gelatin, gum aca

cia, gum karaya, gum tragacanth, carrageenan, lecithin, pectin, sodium- 

carboxymethylcellulose (CMC).

Emulsifiers. The function of emulsifiers is to reduce the 

interfacial tension between the fat-aqueous phase of the system (Cremers 

1974). The emulsifying agent will improve air incorporation, whip 

quality of the mix and give a drier appearance with smoother body and 

texture, due to the more complete dispersion of the fat in the ice

cream and a fine air cell structure (Cremers 1974).

Emulsifiers include mono- and di-glycerides and the polyethylene 

derivatives. The first type improves fat dispersion and whipping abil

ity and has an effect on stiffness and rate of melting; the second 

type produces dryness, stiffness and increased melting time (Arbuckle 

1977).

Sensory Evaluation

Food products preference can be determined by either a panel of

untrained individuals or by expert, trained judges. There may be very
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significant differences in the results because the former relies on a 

memory process while the latter uses a clearly defined rating criteria 

(Young 1978)o

The method chosen foir sensory testing must be appropriate to 

obtain the desired information to meet the requirements of the project 

objectives. In preference testing, the panel gives a response based on 

whether they like or dislike a product. Specific attributes of color,
X

flavor, texture, etc., are not identified (Young 1978).

In new product development, several sensory test methods are 

available. Some of the most common are the following: scalar scoring,

hedonic rating, single and paired comparisons, flavor and texture pro

files, food action scale, magnitude estimation, and quantitative de

scription analysis (Prell 1976).

In a survey of U.S. food companies, it was found that the most 

frequently used sensory testing methods were the following: the trian

gle test, hedonic scale scoring and paired comparison (Young 1978).

Some of the most important factors to be considered when select

ing a panel for sensory evaluation can be summarized as follows: mem

bers should be inexperienced, they should be representative of the 

prospective consumer population, the number should range from 16 to 30 

or more, obvious biases should be avoided during selection (Young 1978).

Of the available sensory evaluation methods, the theory of sig-
'

nal detection (TSD) has particular advantages. It was originally de

veloped for electrical engineering problems to detect electromagnetic 

signals in the presence of noise (Angus and Daniel 1974). Recently,
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use of the theory has been expanded and with some modifications has 

been applied to evaluate human perceptual judgments and even used 

such as in the evaluation of consumers’ reactions to an array of prod

ucts (Angus and Daniel 1974)•

In this research, one of the primary objectives was to deter

mine preference for frozen desserts of varying composition. The use 

of TSD gave insights of the interaction of two sources of sweeteners 

and a source of solids when determining preference.

The use of TSD for dairy products evaluation is not currently 

being used extensively. This can be due to the complexity of the 

method and the number of replications required (O-Mahony, Kulp and 

Wheeler 1979),

Ice cream richness discrimination has been determined by appli

cation of TSD analysis (Stull et al, 1974),



MATERIALS AND METHODS

This research was conducted in the University of Arizona milk 

products pilot processing plant. The equipment used was similar to 

that available in commercial plants; the only difference being its 

capacity. Batch and continuous processes were used for the preliminary 

batches and for the final experimental series, respectively.

Mix Preparation

In the beginning, trial batches were made to assist in identi

fying the composition parameters to be studied in the experimental for

mulations, since no reports were found in the literature involving the 

use of xylitol in ice cream type frozen desserts as a sweetener. A 15% 

sucrose equivalent was used in the preliminary formulations with the 

other ingredients being 10% fat, 11% MSNF, and 0.3% stabilizer- 

emulsifier. At first, 5% of the sucrose was replaced with an equiv- - 

alent amount of xylitol. This gave a product comparable to the plain 

ice cream considered as the control. Then, because of the current high 

cost of xylitol, certain modifications were made such as searching for 

inexpensive sources of solids, to lower the price per pound of mix.

Corn starch and wheat flour were considered. At the level of 2% each, 

the dessert has a marked flowery taste. Next, MSNF was partially re

placed by low DE corn syrup solids (24 DE). The substitution was at 

the level of 8% and 10% with only 2% MSNF being used. A generally sat

isfactory product resulted.

41
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Sucrose was totally replaced by xylitol and fructose.

Eventually flour was replaced by sodium caseinate at the same 2% level. 

Finally, the ingredients used in the experimental dessert were selected 

as follows: frozen cream of 41% fat, MSNF, xylitol, fructose, corn

starch, sodium caseinate, corn syrup solids (24 DE) and stabilizer- 

emulsifier.

It should be noted that, several days after mix processing, an 

error in weighing dry ingredients for sample B was discovered. Insuf

ficient ingredient supply prevented correction by reformulation. This 

resulted in a modified formulation for Sample B which contained 6% 

fructose and 10% CSS only.

All calculations concerning statistics and sensory evaluation

were made on the basis that Sample B was formulated as intended in the

original ingredient combinations (Tables 8 and 9).
3A 2 factorial design was used with fructose, xylitol and corn 

syrup solids being the variable ingredients at two levels of concentra

tion.

Each mix was based on a total batch weight of 92 pounds which 

corresponds to approximately 10 gallons (the minimum amount of mix 

needed for continuous freezing in the pilot plant). All experimental 

mixes were made using the following ingredients in addition to the ones 

shown in Table 7: 10% fat, 2% MSNF, 2% sodium caseinate, 2% corn starch

and 0.3% stabilizer-emulsifier (Table 8). Description of each ingredi

ent is as follows: frozen cream (41.0% fat); spray dried, low heat.

Grade A, non fat dry milk (United Dairyman of Arizona, Tempe, Arizona);
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Table 8. Description of Mixes Based on the Three Variable Ingredients

Mix Xylitol Fructose°y css
/o

A 6 4 10

B 4 4 10

C 6 6 10

D 4 6 10

E 6 4 12

F 4 4 12

G 6 6 12

H 4 6 12

I (Control)* - — -

*15% sucrose



Table 9» Description of Formulations9 Dry Basis: Based on 92 lb Mixes

x Lbs» %
NJng. CREAM DMS Su- Fruc- Xyli- Na Total  ̂ Total

Mix Fat MSNF MSNF crose tose tol CSS Starch Casein. S/E Solids Ho0 Total SolidsX z

A 9.2 1.21 0.63 - 3.68 5.52 9.2 1.84 1.84 0.28 33.40 58.60 92 36.30

B** 9.2 1.21 0.63 - 3.68 3.68 9.2 1.84 1.84 0.28 31.56 60.44 92 34.30.

C 9.2 1.21 0.63 - 5.52 5.52 9.2 . 1.84 1.84 0.28 35.24 56.76 92 38.30

D 9.2 1.21 0.63 - 5.52 3.68 9.2 1.84 1.84 0.28 33.40 58.60 92 36.30

E 9.2 1.21 0.63 - 3.68 5.52 11.04 1.84 1.84 0.28 35.24 56.76 92 38.30

F 9.2 1.21 0.63 - 3.68 3.68 11.04 1.84 1.84 0.28 33.40 58.60 92 36.30

G 9.2 1.21 0.63 - 5.52 5.52 11.04 1.84 1.84 0.28 37.08 54.92 92 40.30

H 9.2 1.21 0.63 - 5.52 3.68 11.04 1.84 1.84 0.28 35.24 56.76 92 38.30

I 9.2 1.21 10.12 13.8 -- - - — - 0.3 34.63 57.37 92 37.64

*Total HgO, Considering the amount provided by the ingredients plus amount added
**Actual composition: 6% Fructose, 0% Xylitol (See page 42)



corn starch (Argo, Best Foods9 Englewood Cliffs, N.J.); sodium 

caseinate (Western Dairy Products, Petaluma, California); x^litol 

(Hoffman-La Roche Inc., Neutley, New Jersey); fructose (Hoffman-La 

Roche Inc., Neutley, New Jersey); corn syrup solids (Dri-Sweet-24, The 

Hubinger Co., Keokuk, Iowa); stabilizer-emulsifier (Ultra-Hi, German

town Manufacturing Co., Broomall, Pennsylvania).

Ultra-Hi is made of the following compounds: cellulose gum,

carragenan, guar gum, locust gum, mono and diglycerides and polysor- 

bate 80.

Procedure

After calculations were made for each of the 92 pound batches 

(Table 9), all dry ingredients were weighed and placed in containers 

properly labeled to minimize the chance for confusion.

Dry ingredients were dispersed in liquid components by the aid 

of a stainless steel high velocity sanitary pump (The Creamery Package 

Mgf. Co., Chicago, 111.; 1 HP, 3500 RPM). The pump was connected to a 

10 gallon milk can and the mix circulated to aid in proper ingredient 

dispersion. The required water was the first ingredient to be added to 

the mixing can, plus a small amount of cream to avoid foaming during 

the mixing of the dry ingredients. When the water was circulating at 

full pump capacity, all the dry ingredients were added at a slow rate 

to avoid the formation of clumps of undissolved material. The follow

ing figure can illustrate the principle (Figure 10): •
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DRY________
INGREDIENTS

/ / / / / / / / / / / / / /

h2o
MILK CAN PUMP

Figure 10. Diagram of Ingredient Mixing

Each mix was placed in 10 gallon stainless steel cans which

were then placed in a hot water bath to raise the temperature to 140° F,

and homogenized with a Manton-Gaulin two stage homogenizer at 2500 lb/
2in (2000 in the first stage and 500 in the second). The homogenized 

product was again placed in the water bath to raise the temperature to 

175-180° F and held for 15 seconds approximately to produce an effect 

similar to HTST. The following flow diagram will illustrate the pro

cess from mixing to storage (Figure 11).

After pasteurization, the mix was cooled to 40° F, by using a 

modified continuous ice cream freezer as a swept-surface heat exchanger. 

Only the mix pump was used without the air control valve. The temper

ature was lowered to 40° F and then the mix was stored in a walk-in

cooler (33 ± 1° F), in stainless steel cans until freezing about one 

week later. The following diagram (Figure 12) will illustrate how the

ice cream freezer was used to cool the mix.
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MIX
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Figure 12. Freezer Modification

Freezing

In preparation for freezing, coloring and flavoring were added 

at the following rates: 35ml of flavor for each five gallons of mix and

color at the rate of 5ml for each five gallons of mix.

The mixes were frozen with an 85 gallon/hr., commercial Cherry- 

Burrell continuous freezer using ammonia as the refrigerant. The over

run was adjusted to 90-100 and then the dessert was packaged. The 

overrun was calculated by weight (Arbuckle 1977).

During the whole process, the overrun was monitored to make 

the necessary adjustments for the production of a uniform product.

There were some problems in certain mixes in adjusting air incorporation 

to 100% overrun. This was probably due to the high viscosity of those 

mixes.

The ice cream was packaged in prelabeled one- or half-gallon 

paper containers and lidded 2 oz individual plastic cups (Sweetheart 

Cup Corp. Chicago, Illinois). All the containers were placed in a 

hardening room immediately (-30 ± 2° F). The samples were stored in
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the hardening room for three weeks prior to sensory evaluation. After 

four weeks9 individual half gallons of each batch were taken out of 

the hardening room and placed in a commercial-type freezer (0 ± 2° F) 

to be used for various analysis.

Sensory Evaluation 

For frozen dessert acceptability evaluation, a taste panel was 

selected. This panel was randomly selected from persons in two depart

ments and included eighteen University faculty, staff and graduate and 

undergraduate students. There were nine females and nine males. Their 

ages ranged from 18 to 50 years. The panelists were untrained and had 

no prior knowledge of the composition of the dessert. The sensory test 

was approved by the university Human Subjects Committee.

The panelists were instructed about testing and recording de

tails at each session. The panel met at either 10 or 11 a.m. on three 

consecutive days.

The nine frozen desserts were evaluated for preference using a 

posted 10-point, (9-0) unstructured hedonic rating scale (Figure 13).

The order of presentation had a different randomization on each of the 

three days. Samples were identified by three different set of three- 

digit random number, in this way the panelists got a different identi

fication number each day for the samples. The panelists were seated in 

individual booths and were provided with a recording sheet (with sample 

number pre-coded on the sheet) (Figure 14), pencil, spoon, napkin, glass 

of water, mouth rinse container and scoring guidelines.



Figure 13

PREFERENCE RATINGS

9 —  Like 

8 —

7 —

6 —

5 —

4 —

3 —

2 —

1 —

0 —  Do Not Like

Rating Guidelines Used by Panelists in Scoring Frozen 
Desserts —  These Guidelines were Posted in Each Booth
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Observation #

RATINGS SCORE SHEET

SAMPLE
NO.

.... ’ I

PREFERENCE
RATING

Panelist Name Date

Figure 14. Score Sheet Used by Panelists in the Rating Procedure. — 
Observation Number, Sample, Number, and Date were all 
Pre-Coded
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Sample Presentation

The cups were pre-labeled and each panelists was presented with 

nine samples each day, so that each panelist tasted a total of 27 sam

ples at the end of the study.

Samples were tempered at 0 ±.2°F for twenty four hours prior to 

presentation. The samples were presented at a rate of about one every 

two minutes.

All the data was compiled and coded into computer cards to be 

analyzed by theory of signal detection (TSD) (Angus and Daniel 1974; 

Stull et al. 1974).

An analysis of variance was also performed by computer.

Chemical and Physical Tests

Fat and Solids

Fat in the final product and in the frozen cream was determined 

by the Babcock method. A cross reference test was made in the frozen 

dessert by the Mojonnier method (Mojonnier Brothers, Chicago, Illinois). 

Solids were determined with the Mojonnier milk tester.

Protein

Protein in the final product was determined by Kjeldhal and 

also by formol titration (Arbuckle 1977).

Glucose

Values are by calculation on the basis of reported .glucose value 

at 7% in 24 DE CSS (MacAllister 1979).
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Relative Viscosity of Mixes

The viscosity of the mixes was determined by the use of the 

Brabender Amylograph.

Scoring by Expert Panel 

A panel of five experimented ice cream judges examined half- 

gallon containers of each frozen dessert after one week and then once 

a month for four months. The American Dairy Science Association Dairy 

Products Judging Guidelines (American Dairy Science Association, Cham

paign, Illinois) was used to score for flavor, and texture. The samples

were kept in a commercial type freezer at 0 ± 2Q F.

Shrinkage

The method used was the one used by Young (1980), The samples 

were held in the same freezer as for flavor scoring. Measurements were 

taken every four weeks.

Meltdown

Meltdown determinations were made after one month storage in a 

commercial freezer at 0 ± 20 F<, The method used was that of Young (1978; 

Nickerson and Pangborn 1961) , but instead of using a 1/8" mesh wire, as 

Nickerson and Pangborn suggest, a 1/4" was used. The shape of the frozen 

dessert sample was cylindrical, 1.5 inches in diameter by three to four 

inches long, giving an average weight of 47 grams. The room temperature

at the time was 28° C average.



Calorimetry

To perform this analysis5 the frozen dessert was melted and 

then dehydrated. Drying conditions were: 100 ±5° and 25 ±3 inches of 

mercury using a 30 gram sample. Moisture was determined and an average 

of 5% was calculated for the nine samples.

Caloric value was determined on one gram aliquots9 using a Parr 

Bomb Calorimeter.



RESULTS AND DISCUSSION

TSD Analysis

Nine frozen desserts were evaluated for preference by 

inexperienced panelists consisting of nine males and nine females.

Panelists assigned hedonic scores three consecutive days, and 

the data was analyzed by theory of signal detection (TSD), as explained 

in Materials and Methods.

In this analysis, the eight experimental frozen desserts were 

compared to a standard control with the TSD computations being based 

on it.

The variable used to measure the degree of preference or dis

crimination, is the dm value (distance metric), between the control 

and the experimental samples (Angus and Daniel 1974; Stull et al. 1974) . 

A higher dm indicates that the observer can distinguish more clearly 

between the control and the experimental samples (Young 1980). The dm 

values provided by the TSD analysis are arranged as a function of con

centrations of fructose, xylitol and CSS (Table 10).

The dm values, indicate that the most preferred frozen dessert 

was the one containing 6% fructose, 6% xylitol and 10% CSS (Sample C). 

The least preferred frozen dessert, was the one containing 4% fructose, 

6% xylitol and 12% CSS (Sample E). Desserts with 6% fructose were pre

ferred to those with 4% fructose and those with 10% CSS were rated 

higher than ones with 12%. The desserts containing 6% xylitol, 4%

55
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Table 10«, Mean dm Values of Frozen Desserts with Various 
Concentrations of Fructose9 Xylitol and CSS

Fructose Xylitol CSS (%)
(%) (%) 10 12

 dm-----

4 4 9(B)* 11(F)

4 6 48(A) 5(E)

6 4 54(D) 48(H)

6 6 58(C) 31(G)

^Letters Refer to Sample Identity
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fructose and 10% CSS (Sample A) and 4% xylitol, 6% fructose and 12%

CSS (Sample H) had identical preference ratings (dm 48).

These results may be more clearly seen as plots of the data 

(Figures 15 and 16). In desserts with 4% fructose (Figure 15) and 4% 

xylitol, increasing CSS from 10% to 12% had no effect on preference 

(Sample B vs. F). By comparison, in dessert formulations involving 4% 

fructose and 6% xylitol, increasing the CSS from 10% to 12% markedly 

reduced the dm value (Sample A vs. E). It should be noted however 

that, as described earlier, sample B had 6% fructose and nia xylitol,

A 4% fructose, 4% xylitol would not have had a significantly different 

sweetness intensity (Table 11) than that in the actual formulation. As 

a result, it is expected that there would not have been a marked dif

ference in the dm value with 4% fructose and 4% xylitol.

The dessert with 4% fructose, 6% xylitol and 10% CSS (Sample A) 

had a dm value (48) only slightly lower than the product with 6% fruc

tose and the similar amounts of the other two sweeteners (Sample C, dm 

58, Figure 16). In desserts with 6% fructose (Figure 16) and 4% xyli

tol, increasing CSS from 10% to 12% (Sample D vs. H) resulted in only a 

minor change in dm values. By comparison, in formulations involving 6% 

fructose and 6% xylitol increasing CSS from 10% to 12% had markedly de

creased the preference ratings (Sample C vs. G). The products with 6% 

xylitol showed the same negative CSS effect on dm values with either 4% 

or 6% fructose.

In the case of desserts with 4% xylitol, however, increasing
X

CSS from 10% to 12% did not lower the dm values.
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d m

4  % F r u c t o s e

60

50

4% xyl i to l  
6% xyl i to l40

30

20

x
10 12

CSS (%)

Figure 15. Results of TSD Analysis (dm Values) of Frozen Desserts 
Containing 4% Fructose as a Function of Xylitol and CSS 
Content

*A, B, E, F Refer to Samples Identified in Table 9
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Figure 16

6 %  F r u c t o s e

60

50

40

30

20
6 % x y l i t o l

10 12

css (%)

Results of TSD Analysis (dm Values) of Frozen Desserts 
Containing 6% Fructose as a Function of Xylitol and CSS 
Content

*C, D, G, H Refer to Samples Identified in Table 9.
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Table 11. Relative Sweetness of the Experimental and Control Mixes

Sample Sweeteners Concentration RS
 %  :-------------------

Xylitol Fructose CSS

A 6 4 1 0 1361

B 4 4 1 0
*1161

C 6 6 1 0 1717

D 4 6 1 0 1571

' E 6 4 1 2 1370

F 4 4 1 2 1170

G 6 6 1 2 1726

H 4 6 1 2 1562

I - - -- **1500

*6 % Fructose, No Xylitol; Actual Rs = 1126
**Based on a 15% Sucrose Only
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Raw Rating Values from Untrained Panels 

The interactions between corn syrup solids, fructose and 

xylitol on preference ratings during the three replications, can be 

examined by calculating the daily mean scores for each frozen dessert. 

They were: 5.66, 5.48 and 4.76 for the first, second and third days 

respectively. The overall mean was 4.82. The lower mean value on the 

third day might have been due to combinations of the panel’s fatigue, 

adaptation, or satiety.

In the case of Sample E 4% fructose, 6 % xylitol and 12% CSS, a 

low dm value was assigned (5) the lowest for all the samples and com

pared to Sample G 6 % fructose, 6 % xylitol and 12% CSS a marked increase 

of dm values is found (31). Here as we can see the only difference 

that can be observed is the increase in fructose concentration from 4 

to 6 %, which can account for the increase in preference for Sample G 

over Sample E. An assumption can be made to explain the phenomenon and 

this is the masking effect of fructose, such as in the case of saccharin 

(Doty and Vanninen 1975).

Relative Sweetness Vs. dm Comparison 

Certain comparisons regarding relative sweetness of the mixes 

can be made. Arbuckle states that a sweet ice cream is generally pre

ferred. In the present study the dessert with the highest dm value (58) 

had a relative sweetness (RS) of 1717 (Sample C) . This was exceeded in 

RS by that of Sample G (1726) with a dm value of 31.
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Increasing dm values or preference are in direct proportion to 

increasing sweetness (Figure 17)« A decrease in dm is seei% in Sample 

E with a higher RS (Figure 17). This apparent exception to the effect 

of, RS on dm is not well understood in the present study•

Chemical and Physical Analysis

Basic Composition

Except for the use of starch., these desserts fulfill the re

quirements set by the Ice Cream Standards of Identity (Table 12) „ In 

the Code of Federal Regulations’ Title 21— Food and Drugs, Part.135—  

Frozen desserts. Subpart B— ^"Requirements for Specific Standardized 

Frozen Desserts," a listing of permitted ice cream ingredients is made. 

Caseinate can be added only if the mix contains not less than 20 per

cent milk solids.

In the same Title, Part 172— Food Additives Permitted for Direct 

Addition to Food for Human Consumption, Subpart D— "Special Dietary and 

Nutritional Additives," Section 172.395 Xylitol, it is stated that, 

"xylitol may be safely used in foods for special dietary uses, provided 

the amount used is not greater than that required to produce its intend

ed effect." Even though this was taken directly from the latest CFR 

book (April 1, 1979), all other scientific articles state that the use 

of xylitol is prohibited.

Fat

The percent fat in the mixes ranged from 9.40 to 10.75 (Mojon- 

nier method), and 9.10 to 10.80 (Babcock method) (Table 13). This
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12% CSS
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Figure 17. Effect of Relative Sweetness on Preference for Frozen Deserts 
*Letters refer to samples identified in Table 9.
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Table 12. Frozen Dessert Composition Characteristics

Total b e  d Kcal/gm
Mix Fat Solids SNF MSNF Moisture Protein Glucose (dry basis)

-%

A 10.08 38.23 28.15 5.85 61.77 6.47 0.7 5.19

B 10.47 36.26 25.79 5.49 63.74 7.09 0.7 5.33

C 10.27 38.18 27.91 3.61 61.82 6.25 0.7 5.31

D 10.67 37.70 27.03 4.73 62.30 6.53 0.7 5.28

E 1 0 . 1 0 38.94 28.84 . 4.54 61.06 6.50 0.84 5.27

F 10.51 38.12 27.61 5.31 61.88 6.44 0.84 5.10

G 10.83 41.57 30.74 4.44 58.43 5.88 0.84 5.12

H 10.57 40.00 29.43 5.13 60.00 6.25 0.84 5.13

I 9.25 38.83 29.58 14.28 61.17 10.75 — — 5.05

fMean from Values of the Two Methods 
(% Total Solids— % Fat) 

j(%Solids Non-Fat-Non-Milk Solids) 
Calculated Value
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Table 13. Percent Fat Determined by the Mojonnier and Babcock Methods

Sample
Method

A B C D E ■ F G H I

Moj onnier 10.26 10.48 10.23 10.53 10.04 10.32 10.75 10.57 9.40

Babcock 9.90 10.45 10.30 10.80 10.15 10.70 10.90 10.80 9.10

variation can be due to errors during weighing 9 or a non-homogeneous 

fat dispersion in the cream used. All of the mixes were above the 

legal requirements for fat (10%) except for the control (9.25).

To appreciate the agreement between the two methods of analysis, 

a statistical analysis for this purpose was conducted (Table 13).

There is no significant difference between the results obtained in the 

two methods (P < .001).

Solids

Total solids were determined in a melted sample of frozen des

sert. Solids-non-fat (SNF) include those solids other than those of 

milk origin such as corn syrup solids, stabilizer-emulsifier, sweeten

ers, etc. Solids non-fat were estimated by calculation, by subtracting 

percent fat from percent total solids.

Milk solids non-fat (MSNF) is only an estimated value since no 

laboratory analysis is available to differentiate the solids of milk 

origin from those of non-milk origin. Therefore MSNF can be calculated 

by substraction of the percent of non-milk solids in the mix formulation 

from the solids non-fat.
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The MSNF were low except for the control mix, which was 

intended since it had 11% of NFDMS (non-fat dry milk solids). The 

milk solids non-fat were substituted in major part by CSS and to a 

lesser extent by sodium caseinate and starch, as a possible means of 

lowering ingredient cost.

Protein

The protein content of the experimental mixes ranged from 

6.25% to 7.09 (Table 12).

The control (Sample I) had a protein content of 10.75% These 

values are unexpectedly high. The determinations were checked in two 

different Kjeldahl set-ups. This high values are, therefore, unex

plained. For example, Kristofferren and Miller (1976) checked fifteen 

brands of commercial ice cream and found protein values ranging from 

2.49 to 4.38% (mean— 3.41%) .

The compounds that provide proteins are sodium caseinate, non

fat dry milk solids and cream.

Caseinates can be used to increase the protein content and im

prove the quality of ice cream and frozen desserts, but care must be 

taken in the relation of caseinate and MSNF, in order to produce a high 

quality product (Loewenstein 1978).

Casein is a major and nutritionally excellent protein of milk 

(Hutton 1977). Caseinates can only be added as stated in the Code of 

Federal Regulations.
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Normally a 6<,25 conversion factor is used for protein content 

calculations for many foods. But for ice cream a 6,38 factor should be 

used (Jones 1931)«

Caloric Content

Caloric value of this frozen dessert is interesting as it re

lates to the possible use of these products by diabetics. A known 

amount of calories for a determined serving size is of vital impor

tance.

The caloric values ranged from 5.05 to 5.33 (Kcal/g, dry basis) 

with the control having the lowest caloric value. The experimental 

mixes had higher caloric values due to their carbohydrate content.

The caloric level could be decreased by lowering the CSS per

centage. The caloric content of a 100 gram serving of frozen dessert 

was calculated from the percentage of solids in the mix (Table 14), 

that is why several experimental mixes have a lower caloric content 

than that of the control.

An average ice cream (plain) would provide 197 Kcal/lOOg serv

ing. Serving weight of a specific size (volume) will vary with % over

run. The actual calorie value will depend on the concentration of 

carbohydrates, protein and fat.

Relative Viscosity

Mix viscosities as determined by Brookfield viscometer were 

extremely high. The most probable cause was the combination of CSS 

together with starch and stabilizer.
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Table 14. Caloric Value of a 100 Gram Serving of Frozen Dessert

Sample Kcal/lOOg (as is basis)

A 198.41

B 193.27

c 202.74

D 199.06

E 205.21

F 194.41

G 212.84

H 205.20

I 196.09



Lowerinf of this voscosity can be achieved by eliminating the 

stabilizer9 adding only emulsifier and maintaining the starch at the 

same level» This would also decrease the cost of ingredients since 

starch is a less expensive material„ The standard viscosity of ice 

cream mixes range from 50 to 300 centipoises (cp) (Arbuckel 1977)e

Effect of Sweeteners on Freezing Point

The effect of xylitol and fructose on freezing point depression 

was not significant nor did they appear to affect the physical proper

ties of the frozen product. They did not interfere with mix freezing.

Dextrins in corn syrup solids tends to increase the freezing 

point of a mix due to their high molecular weight (Arb u c k l e  1977).

Characteristics of Freezing 

Freezing characteristics are very important factors affecting 

both the quality of frozen desserts as well as legal requirements.

Frozen dessert stability is of considerable concern during 

storage as it relates to effective shelf life.

Drawing Temperature

In order to produce a fine textured frozen dessert, small ice 

crystals should be formed and this is achieved by rapidly freezing the 

mix at a low temperature (Arbuckle 1977). When using continuous freez

ers, the time for freezing should be about 24 seconds, and drawing 

temperature 21-22° {P. Freezing time is affected by mix composition, 

freezing point of the mix, acidity of ingredients and the methods used
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to prepare the mix (Arbuckle 1977)• Drawing temperatures ranged from 

-3.89 to -5.67° C (Table 15).

Overrun

Overrun control adjustments presented certain problems because 

of high mix viscosities. This was particularly evident in Samples B 

and E.

Arbuckle (1977) mentions five factors that are usually consid

ered when determining the amount of overrun. These are: legal regula

tions, total solids content, bulky flavors, selling price and type of 

package.

Factors that depress overrun include fat, and corn syrup solids 

and those that improve ease of air incorporation include sodium casein

ate, whey solids, emulsifiers and pasteurization of the mix at a higher 

temperature.

Quality Characteristics of Finished Product

Melt Down

Melted ice cream should appear similar to the original mix. 

There should be no foaminess, watery liquid appearance ("wheying off") 

or curdiness (Arbuckle 1977).

Appearance of a watery liquid or a curdy appearance during melt 

down is due to protein destabilization. This can be controlled by pre

serving the natural salt balance of the mix and by using a suitable 

stabilizer. Slow melt down is usually due to overstabilization.
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Table 15- Freezing Properties and Computations

Temperature Wt/Gal Wt/Gal
Frozen From Freezer Overrun Product Food Solids
Mix °C °F (%) (lb) (lb)

A -5.0 23.0 89 4.87 1 . 8 6

B -5.0 23.0 75 5.26 1.91

C -4.17 24.5 1 0 0 4.60 1.76

D -5.11 2 2 . 8 1 0 0 4.60 1.73

E -4.67 23.6 76 5.23 2.04

F -5.67 2 1 . 8 1 0 0 4.60 1.73

G -3.89 25.0 1 0 0 4.60 1.91

H -4.44 24.0 95 x 4.72 1.89

I -5.61 21.9 92 . 4.79 1 . 8 6
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Processing methods and other ingredients may also have an effect 

on melt down. Stabilizer/emulsifier compositions and drawing temper

atures have certain effects (Sperry 1980).

In the present study, most of the desserts had a very stable 

melt down (Table 16). The melting rate was very slow and in cases was 

zero.

Assumptions can be made regarding the hydrophilic properties of 

starch which results in a tendency to form a gel structure. Also, the 

CSS probably had an important role in this phenomenon.

After one hour at room temperature the dessert structure ap

peared similar to a pudding; no liquid had separated from the product. 

This can probably be corrected by reducing or eliminating the stabiliz

er and using only the emulsifier and starch.

Sample C had the most normal melting quality being superior to 

that of the control.

Sperry (1980) states that a slow rate of melting can reduce the 

icy texture defect due to poor heat shock resistance. He also states 

that to maintain standard production rates, as well as to provide de

sirable eating properties, the ice cream should have a very slow rate 

of melting.

Expert Panel Sensory Evaluation 
and Storage Stability

The desserts were examined by the experienced panel approximate

ly once every month for flavor, body and texture, color and shrinkage 

(Tables 17 and 18) .



Table 16* Frozen Dessert Melt-Down Characteristics at Room Temperature (28° C)

Frozen
Dessert

Melted Volume of Frozen Dessert at 
5-Min Intervals (ml) (X wt = 47. 0 g) 
5 10 15 20 25 30 35 40 45

Total 
Melt-Down 
in 45 Min 

(%)
Melt-Down
Appearance

A 0 0 0 0 0 0 0 0 0 0 Stable Structure

B 0 0 0 0 0 0 0 0 0 0 Fluffy, Pudding-!

C 0 0 0 < 1 6 1 2 17 23 26 54.0 Uniform Melting 
Melted Faster

D 0 0 0 0 0 0 0 < 1 1 2.5 Dry Appearance

E 0 0 0 0 0 0 0 0 < 1 0 Slight Whey-Off

F 0 0 0 0 0 0 < 1 4 7 14.2 Stable Structure

G 0 0 0 0 0 0 0 4 6 11.5 Dry Appearance

H 0 0 0 0 < 1 3 5 1 0 13 25.5 Slight Whey-Off

I 0 0 < 1 2 5 6 9 1 2 18 44 Slight Whey-Off



Table 17. Expert Panel Criticism Evaluation of Flavor9 Body and Texture; Shrinkage Measurements

Frozen
Dessert Flavor 

1 Week 5 Weeks
Body and Texture 
1 Week 5 Weeks Color

Shrinkage 
1 Week 5 Weeks

A SI. Unnatural SI. Unnatural SI. Gummy SI. Gummy No Criticism - -

B SI. Unnatural SI. Caseinate SI. Gummy Si. Gummy No Criticism —  < 1  mm edges 
none top

C SI. Sweeter 
SI. Unnatural SI. Unnatural SI. Gummy SI. Gummy No Criticism

1  mra edges 
—  none top

D SI. Caseinate SI. Caseinate SI. Gummy SI. Gummy No Criticism —  1  mm edges 
none top

E Unnatural SI. Caseinate SI. Gummy Gummy No Criticism —  1  mm edges 
none top

F Unnatural Unnatural 
Lacks Flavor

SI. Gummy Gummy No Criticism 2  ram edges 
none top

G Unnatural Unnatural SI. Gummy Gummy No Criticism —  2  mm edges 
none top

H SI. Caseinate 
Unnatural

SI. Caseinate Si. Gummy Gummy No Criticism —  2  mm edges 
none top

I SI. Cooked 
Too Sweet

Si. Cooked 
Too Sweet

No Criticism No Criticism No Criticism —  < 1  mm edges 
none top



Table 17. Continued
< I

Frozen
Dessert Flavor Body and Texture Shrinkage

9 Weeks 13 Weeks 9 Weeks 13 Weeks Color 9 Weeks 13 Weeks

A SI. Unnatural Cooked SI. Coarse SI. Coarse No Criticism 3 mm edges 3 mm edges
SI. Gummy Gummy none top 2 mm top

Weak

B SI. Unnatural Caseinate SI. Gummy Si. Coarse No Criticism 1  mm edges 2 mm edges
Gummy none top 2 mm top

C SI. Unnatural Cooked SI. Coarse SI. Gummy No Criticism 2  mm edges 3 mm edges
SI. Gummy Si. Coarse none top 3 mm top

Weak

D Si. Unnatural Lacks Sweetness SI. Gummy Gummy No Criticism 2  mm edges 2 mm edges
SI. Caseinate 1  mm top 3 mm top

E SI. Unnatural Cooked Gummy SI. Coarse No Criticism 1  mm edges 2 mm edges
Gummy 1  mm top 2 mm top

F SI. Caseinate Si. Coarse No Criticism 1  mm edges 2 mm edges
SI. Unnatural Cooked Si. Gummy Gummy none top 1 mm top

G SI. Unnatural Cooked SI. Gummy Si. Coarse No Criticism 1  mm top 4 mm edges
Gummy 3 mm edges 3 mm top

H SI. Unnatural Caseinate SI. Gummy SI. Coarse No Criticism 3  mm edges 5 mm edges
Si. Caseinate Cooked Gummy 1  mm top 5 mm top

I SI. Cooked Caramelized SI. Coarse SI. Coarse No Criticism 1  mm edges 2 mm edges
SI. Syrup Cooked Weak Body SI. Coarse No Criticism 2  mm top 4 mm top



Table 18. Flavor9 Body and Texture9 and Color Scores of Frozen Dessert Examined by Expert 
Panel for Each Month for 3 Months

Flavor Scores Body and Texture Scores
(Weeks After Freezing) (Weeks After Freezing) „ ^Frozen   —  — --------------------  Color Scores

Dessert 1 9 9 13 1 5 9 13 All Evaluations

A 8 9 9 8 3 3 4 3 5

B 8 9 9 ' 8 4 3 4 3 5

C 8 9 9 9 4 3 4 4 5

D 9 9 9 8 3 4 4 3 5

E 8 9 9 8 3 3 3 3 5

F 8 9 9 8 4 3 4 3 5

G 8 8 9 8 2 3 3 3 5

H 8 9 9 8 3 3 4 4 5

I 9 9 8 8 4 4 3 4 5

O'
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The American Dairy Science Association Product Judging 

Scorecard for ice cream was used for scoring in which the "perfect 

score for flavor is 10, for body and texture 5 and for color 5»

The most common flavor defects were those contributed by 

caseinate and heat treatment. This can probably be reduced by the 

use of the HTST pasteurization method, by using highest quality 

caseinate or by using a higher intensity flavor, such as chocolate in 

order to provide the maximum masking effect.

The most common defect in body and texture was gumminess.

This is believed to be due to the CSS and starch. Gumminess is very 

frequently confused with "soggy" which is related to a high melting 

resistance (Arbuckle 1977), characteristic present in the major part 

of the samples. Gumminess was the outstanding body and texture de

fect.

At the end of the experiment (3rd month) weak body and 

coarseness wag evident in certain cases such as in Samples A and C.

Coarse texture is caused by ice crystal growth and could be 

due in this case to heat shocking during the evaluation of the prod

uct during the three months of study.

Sandy texture, a common defect in some ice creams, was not 

observed in this study probably because of the low or insignificant 

lactose content in the products..
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Shrinkage

The term shrinkage is applied to the reduction in volume of a 

packaged frozen dessert being caused by the loss of incorporated air 

(Nickerson and Tarassuk 1955).

There are several factors known to affect shrinkage. These 

include the type and amount of solids non-fat and milkfat. High heat 

treatment during pasteurization increases tendency for shrinkage.

High overrun also increases susceptibility for shrinkage9 particular

ly above 90%, because the air cell lamillae are weakened (Nickerson 

and Tarassuk ]955). Sweeteners are not believed to have a marked 

effect on shrinkage. Shrinkage was first detected at 5 weeks in 

Samples F, G, and H.

The most expensive degree of shrinkage at the end of 13 

weeks storage was in Sample H (Table 17).

Overall, a relatively small amount of shrinkage was observed. 

This can possibly be explained on the basis of normal to low over

run. A complete explanation of observed shrinkage is difficult since 

the fundamental nature of shrinkage is still not understood (Nicker

son and Tarassuk 1955).



CONCLUSIONS

The goal of this research was to formulate a frozen dessert 

with relatively new sources of sweeteners which could be better tol

erated by persons with abnormal carbohydrate metabolism such as dia

betes. At the same time, ingredient cost of the total non-fat 

components was a consideration.

Sweeteners such as xylitol, fructose, and corn syrup solids 

(24 DE) and other non-fat solids such as corn starch and sodium 

caseinate were used.

The experimental mixes were evaluated by trained experienced 

jduges as well as by untrained panel. The evaluations were nearly 

identical to the control in flavor, body and texture and color. The 

most common body and texture defect was gumminess. It is believed 

that this can be corrected by refinements in formulation involving 

CSS and stabilizer. Specifically, since starch can possibly serve 

as a stabilizer its concentration could be either lowered or re

duced to zero.

Melt down problems could also be corrected by a reduction 

of stabilizer.

Sweetener combinations provided good, reliable sources 

of sweetness. They did not interfere with freezing characteristics 

or cause caramelized flavorSo
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The TSD analysis indicated the highest preference for a 

formulation with 6 % xylitol, 6 % fructose and 10% CSS (Sample C).

A slight increase in the amount of MSNF and a concomittant 

reduction in the CSS content would probably have improved product 

characteristics,

Problems with mix viscosity can also be corrected by adjust

ments of stabilizing materials.

High-temperature short-time heat treatment might reduce 

cooked or caramelized flavors. Otherwise the formulations presented 

no unusual processing problems.

The lower CSS concentration (10%) gave a generally superior 

preference rating by both the expert judges and the untrained panel.

Xylitol and fructose appeared to show a good masking effect 

in the case of formulations with higher CSS (12%).

Successful xylitol use may depend on ultimate ingredient cost 

and GRAS approval.
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