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ABTRACT

Nowadays, the trend of ice cream consumption in Thailand is increasing,
especially for low-fat products. However, the reduction of fat content in ice cream
products is known to reduce the quality of ice cream. The improvement of these
qualities could be done by adding a fat replacer. Typically, fat replacers have been
bulking agents, which are based on carbohydrates and dietary fiber such as
cellulose, gum starch, pectin, maltodextrin and polydextrose. Theses ingredients
are currently used in low fat formulations. One of the dietary fibers is inulin,
which has health benefit and is also considered to have functional properties such
as the ability to act as a fat or sugar replacer without adversely affecting food
flavor. The aim of this study was to develop non-fat, low-fat, light and reduced-fat
ice cream products using inulin as a fat replacer and to study the influence of inulin
on the quality of the product. Inulin was used as a fat replacer at the concentration
of 5, 7 and 9% in non-fat, low-fat, light and reduced-fat ice cream. All samples
were analyzed for sensory properties and physical properties including viscosity,
overrun, melting rate, color, texture (hardness), fat destabilization, and air cell size.
The samples with highest score of sensory evaluation were chosen to test for
stability during storage and nutritional value.

The results showed that increasing inulin concentration in the samples
significantly increased (p<0.05) the values of viscosity, meltdown rate, and fat
destabilization (%), whereas the overrun value, and air cell size decreased.
Varying concentration of inulin in the samples did not affect the qualities (p>0.05)
in hardness and sensory properties. The sensory scores of low, light and reduced-
fat ice cream products with added inulin were similar (p>0.05) to the score of the
full-fat sample. However, replacing all milk fat with inulin in the non-fat (0.5%fat)
ice cream significantly lowered the sensory scores when compared to the control
sample. The chosen formulas contained 5% inulin addition in each type of ice
cream. According to the results of sensory test during storage, an unacceptable
score (less than 5) was found in the overall acceptability only in non-fat ice cream
with 5% inulin formula at the 3" week. Increasing storage time significantly
increased the hardness value (p<0.05). Whereas air cell size was not affected by
storage time. Hence, it was possible to use inulin as a fat raplacer in modified fat
ice cream products, starting at 5% by weight.

KEYWORDS: INULIN/ ICE CREAM/ FAT REPLACER

91 pp.
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CHAPTER I
INTRODUCTION

Ice cream is a frozen mixture of a combination of component of milk, sweetener,
stabilizers, emulsifiers and flavoring agent (Marshall and Arbuckle 1996). Ice cream
has been a favorite dessert in many countries, such as, the United State, Canada, and
Western Europe (Anonymous 2003). In Thailand, ice cream is also popular.
According to the Market Research, the market for ice cream is growing at an average
annual rate of 3.4% during 2001-2006 (Anonymous 2007). Ice cream and other frozen
desserts are consumed by more than 90% of household in the United State, and
children are one of the primary consumer groups. Traditionally, a commercial regular
ice cream should contain about 10% to 12% fat and 18% to 27% sugar. The caloric
value of ice cream is about 9.6-11 KJ/g which makes it a high calorie product (Zhang
and Wang 1999). Generally, high dietary fat intake is associated with an increase in a
risk of many diseases, such as obesity, some types of cancer, high blood cholesterol
and coronary heart disease (William and Rothstein 2006). Hence, recent surveys
showed that low-fat ice creams are driving the growth while regular ice creams are
decreasing in popularity (Anonymous 2005a). This market trend is seen in most
developed countries because of consumers concern about the impact of diet on health
(Yackel and Cox 1992; Buisoon 2006). In the United States, the demand for calorie-
reduced foods by consumers is now greater than ever because most adults are
overweight. As a consequence, the dairy industry has developed a variety of low-fat
or fat-free ice cream products in order to cater to this tendency. Meanwhile,
consumer’s perception of low-fat foods depends not only on the nutritional image but
also the acceptable sensory qualities of appearance, texture and flavor (Shamil and
Kilcast 1992). Consumers prefer the taste of high fat products due to better product
quality, compared with the similar low-fat or fat-free products.
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Previous studies showed fat reduction in frozen dairy desserts generally
contributes to less positive flavor, texture, or overall acceptability ratings compared
with higher-fat products (Prindiville et al 2000). It is evident that consumers want
healthier ice cream but are not yet satisfied with the taste of the products being offered
(Anonymous 1997)

Jiménez-Flores et al (1992) suggested the properties of milk fat in ice cream to
include imparting a pleasing body and mouthfeel, sensation of richness, and pleasing
flavor. The primary difficulties to be overcome in low-fat or fat-free products include
improving the mouthfeel and flavor perception to resemble that of full-fat products.
To meet this challenge, use of fat replacer is necessary to maintain the function of milk
fat. Fat replacers have been used to replace fat in food systems due to their properties
and the improvement of texture quality of such foods (Akoh 1998). Typically, fat
replacers currently used in low-fat formulation have been bulking agents based on
carbohydrates, such as cellulose, gum, starch, pectin, maltodextrin and polydextrose
(Roland et al 1999). In addition many studies reported that increasing proportions of
fiber in foods are known to reduce the risk of colon cancer, obesity, cardiovascular
diseases and several other disorders. Several dietary fibers have been used in dairy
products not only to provide their possible beneficial effects on health but also as
potential fat substitutes. Some components of dietary fiber are classified as inulin.

Inulin, a nondigestible carbohydrate containing naturally occurring fructo-
oligosaccharides, possesses some characteristics of dietary fibers (Flamm et al 2001),
stimulates the selective growth of beneficial bifidobacteria, increases the absorption of
calcium by the body and reduces the triglyceride content of the serum and in the liver
(Kaur and Gupta 2002). Alongside its health benefits, inulin is also considered to have
functional properties such as the ability to act as a fat or sugar replacer without
adversely affecting flavor (Tungland 2002). Its properties as a fat mimetic have been
attributed to its ability to bind water molecules and form a particle gel network
(Franck 2002). Nevertheless, relatively little research has focused on inulin as a fat
replacer in frozen desserts. EI-Nagar et al (2002) found that addition of inulin to low
fat yoghurt-ice cream increased viscosity of the yoghurt-ice cream mix and increased
hardness of the resulting yogurt-ice cream. Akin et al (2007) studied the use of inulin

as a prebiotic in probiotic ice cream. He also reported that the addition of inulin
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improved viscosity, first dripping and complete melting times, while it had no effect
on the sensory properties. Therefore, limited information exists on the application of
inulin particularly to the full range of modified fat ice creams.

Dairy products, such as ice cream, can provide major opportunities for the
development of functional foods. Although the demand may be increasing for
functional foods, their acceptability by the consumer is still based on satisfactory
textural and sensory attributes.  Therefore, it is essential to understand the
technological impact of incorporation of inulin into ice cream and its potential

function as a fat replacer in such product.
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CHAPTER I
OBJECTIVES

General objective:

To develop non-fat, low-fat, light, and reduced-fat ice cream products using
inulin as a fat replacer and to study the influence of inulin on the quality of product.

Specific objectives:

1. To develop non-fat, low-fat, light, and reduced-fat ice cream products using
inulin as a fat replacer and evaluate the sensory acceptability of these products.

2. To determine the physical properties including apparent viscosity, color,
texture, melting rate, development of air cell, fat destabilization and overrun of
these products.

3. To determine the nutritional values of these products.

4. To examine product stability and shelf life.
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CHAPTER IlI
LITERATURE REVIEW

3.1 Ice cream

3.1.1 Definition & classification

Ice cream is a frozen mixture of a combination of component of milk,
sweeteners, stabilizers, emulsifiers and flavoring. Other ingredients such as egg
products, coloring, and starch hydrolysates also may be added. This mixture, called a
mix, is pasteurized and homogenized before freezing. Freezing involves rapid
removal of heat while agitating vigorously to incorporate air, thus imparting the
desirable smoothness and softness of the frozen product.

According to U.S. Federal Regulations (21CFR135.110), ice cream is a frozen
food made from a mixture of dairy ingredients, containing at least 10% milk fat before
the addition of bulk ingredients, such as flavorings and sweeteners (Marshall et al
2003).

Alexander (1997) demonstrated that typical ice creams contain about 10%-
12% fat, while some premium products contain 16%-18% fat. Another composition
standard for ice cream proposed by the International Ice Cream Association (ICA) was
described as follows: non-fat products <0.8 % fat, low-fat 2-4 % fat, reduced-fat 7-9 %
fat and full-fat 10-12 % (Farooq 1997). In other words reduced-fat ice cream is a
product of at least 25% lower in total fat than typical ice creams; light ice cream is
defined as a product of at least 50%lower in total fat or 33% fewer calories than the
referenced products; low-fat ice cream contains a maximum of 3 g of total fat per
serving (1/2 cup), and non-fat ice cream is a product of less than 0.5 g of total fat per
serving (Klahorst 1997; Pszczola 2002; Miraglio 2006). Examples of the composition

of some typical ice creams are shown in Table 3-1 (Klahorst 1997).
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Table 3-1 The composition of some typical ice creams

Total
Ingredients Milk fat NMS Sweeteners | Stabilizers Solid
olids
(7o) (%) (7o) (%)
(7o)
Product
Nonfat ice cream (hard) <0.8 12-14 18-22 1.0 35-37
Low-fat ice cream (hard) 2-4 12-14 18-21 0.8 35-38
Light ice cream (hard) 5-6 11-12 18-20 0.5 35-38
Reduced-fat ice cream 7-9 10-11 18-19 0.4 36-39
Economy ice cream 10-12 10-11 15 0.3 35-37
Premium ice cream 18-20 6-7.5 16-17 0-0.2 42-45
Super-premium ice
20 5-6 14-17 0.25 46
cream

NMS — Non fat milk solid
(Modified from Klahorst 1997)

3.1.2 Composition and quality factor

Ice cream is composed of a mixture of milk products, sweetening materials,
stabilizers, flavors and egg products, which are referred to as ingredients. Most of
these ingredients in ice cream are multifunctional, contributing to different aspects of
ice cream manufacture, product quality and stability.

Non-fat milk solids

Non-fat milk Solids (NMS) are the solids of skim milk, and consist of
approximately 55% lactose, 37% protein, 8% minerals and others, such as vitamins,
acids and enzymes. These solids are high in food value, inexpensive, and while not
adding high flavor notes to the ice cream, enhance its palatability. Lactose adds
slightly to the sweet taste, largely produced by added sugar, and minerals have a
slightly salty taste, which rounds out the flavor of finished product. The proteins in
NMS help to make the ice cream more compact and smooth, and thus tend to prevent a

weak body and coarse texture. Nevertheless, an excess of NMS may result in a salty,
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overcooked, or condensed-milk flavor and increase the risk of lactose crystallization
during storage.

NMS increase viscosity and resistance to melting, but also lower the freezing
point. Variations over the usual range of concentration have no pronounced effect on
whipping ability, but variations in the quality of NMS do have an important influence
on it.

Stampanoni Koeferli and others (1996) indicated that NMS can cause a
decrease in coldness, ice crystal and melting rate perception and an increase in
creaminess and mouth coating. In addition, it can increase attainable overrun without
producing poor texture and strengthen resistance to heat shock and shrinkage (Goff et
al 1989; Goff 1995). Lactose in NMS causes a lower freezing point, and milk protein
provides a slight flavor, water holding and also affects the formation of air cells in ice
cream (Campbell and Marshall 1975; Dahlberg 1931).

NMS can come from several sources, such as skim milk, condensed whole
milk and buttermilk. Buttermilk solids can be a superior substitute for NMS,
especially in mixes made with butter, butter oil or anhydrous milkfat as the source of
fat.  Buttermilk contains a higher concentration of fat globule membrane
phospholipids than does skim milk (Marshall and Goff 2003; Marshall et al 2003).

Milk fat

Milk fat is an ingredient of major importance in ice cream. The use of correct
percentage is essential not only to balance the mix properly, but also to satisfy legal
standard (Marshall 1991; Goff 1995). The effect of milk fat in ice cream is dependent
on several factors including the type and level of fat, the amount of non-fat milk solids
and sugar, as well as variety of flavor compounds used in ice cream (Marshall and
Arbuckle 1996).

Studies consistently show that fat globules concentrate at the surface of air cell
during the freezing of ice cream. This accounts, in part, for milk fat imparting rich
characteristic to ice cream flavor. Increasing of milk fat in ice cream decreases the ice
crystal by interrupting the space in which they have to form. Milk fat, because it does
not dissolve, dose not lowers the freezing point. It tends to retard the rate of whipping

(Marshall and Arbuckle 1996).
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The best source of milk fat is fresh cream, and provides the desirable flavors
and aids in good melting properties and in decreasing the size of ice crystals (Hyde
2001). Furthermore, milk fat also affects textural attributes such as viscosity,
tenderness, elasticity, emulsification, ice crystallization and other desirable attributes
such as richness, smoothness (Marshall and Arbuckle 1996; Yackinous and Guinard
2000; Hyde 2001). The possible mechanism of milk fat contributing necessary
structure and texture of ice cream is due to trapped water, creating an oil-in-water
emulsion with the interaction of stabilizers and emulsifier during whipping (Hyde
2001).

During the freezing process, milk fat globules concentrate toward the surface
of air cells to support the air cell structure as air is incorporated into the mix and are
surrounded by casein subunits absorbed at the fat-water interface (Goff 1995; Koxholt
et al 2001; Marshall and Goff 2003). Milk fat coalesces partially during freezing to
form and stabilize the ice cream structure and to give body to the ice cream (Goff
1995). Stampanoni Koeferli et al (1996) showed that, within the 3% to 12% range, fat
increased primarily buttery, creamy, and mouth coating characteristics of ice cream
and lowered its melting rate, coldness and ice crystal perception, whereas sugar
increased sweetness, caramel and vanillin notes and lowered milky flavor. Excessive
milk fat decreases whipping ability and results in excessive richness as well as high
caloric value (Goff 1995).

The fat content of commercial ice cream is usually 10-12%. When the fat
percentage is lower than 10%, a descriptor (reduced-fat, light, low-fat and non-fat or
fat-free) must be use in the label.

Sweeteners

Sweetness control in ice cream is very important in order to achieve maximum
consumer acceptance and minimum production cost (Wilson-Walker 1982). For most
ice cream formulation the sweetener can be either sucrose (cane or beet sugar) alone or
sucrose in combination with some products of hydrolyzed corn starch. The sugar may
be used in dry or liquid form.

The amount of sweeteners added to ice cream is very important. Besides
creating desirable flavor properties, sweeteners are also the major ingredients to lower

the freezing point, which is one of the influential factors for quality of the ice cream
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mixes (Baer and Baldwin 1984). When sweetener content is about 16% or higher, ice
cream tends to become too soft or too dense and chewy, depending on the type of
sweeteners used in excess, due to lower freezing point. In other words, hardness of ice
cream is dependent upon the sugars and other materials (Baer and Baldwin 1984;
Grotta 1994). If a mix with a lower freezing point causes less water to be frozen as the
ice cream exits the freezer, the storage life of ice cream is shortened due to it being
more susceptible to an increase in ice crystal size during temperature fluctuations
(Schaller-Povolny and Smith 1999). Furthermore, as sweetener concentration is
increased, viscosity of the mix and firmness of the ice cream increase.

Monosaccharides, such as fructose and glucose, equally lower the freezing
point of the mix, although they do it to a greater degree than disaccharides. High
molecular weight sugars, such as corn syrup, do not depress the freezing point as much
as disaccharides on a weight to weight basis (Bodyfelt et al 1988).

Sweeteners and various flavorings are added to dairy products to improve
flavor balance (Haschke et al 1988) and to partially mask acetaldehyde flavor
(Kagan1985). In general, approximately 45% of the sucrose can be replaced with corn
syrup for economic, handling or storage reasons. However, corn syrup with low to
medium dextrose equivalents (DE) may impart off-flavors and should constitute no
more than about one-third of the total sweetener solids. In fact, low DE sweeteners,
made by hydrolysis of starches, do not contribute much sweetness, but they provide
great water binding properties (Goff 1995).

The percentage of the sweetening agents obtained from different sources added
to the ice cream mix is influenced mainly by the desired (1) concentration of sugar in
the mix (2) total solids content of the mix (3) effect on the properties of the mix (4)
concentration of sweeteners other than sugar and (5) relative inherent sweetening
power of the sweeteners other than sucrose (Marshall et al 2003).

Emulsifiers

Emulsifiers are used in the manufacture of ice cream to produce a finished
product with a smoother texture and stiffer body and to reduce whipping time. Mono-,
diacylglycerides and sorbitan esters, especially polysorbate 80, are usually used in ice

cream as the emulsifiers (Marshall and Goftf 2003).
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The normal requirements in ice cream ingredients for emulsifiers are between
0.1%- 0.5 % (Clark 1994; Marshall and Goff 2003). The excessive use of emulsifiers
may result in slow melting, and body and texture defects.

Emulsifiers added to ice cream have several important functions, including that
they

(1) Lower the fat and water interfacial tension in the ice cream mix so that they
cause protein displacement from the fat globule surface, which in turn reduces the
stability of the fat globule causing it to partial coalesce during the whipping and
freezing process (Goff et al 1989);

(2) Promote nucleation of fat during aging of mixes, thus reducing the time
needed to age mixes before freezing (Goft 1995);

(3) Decrease tendencies for shrinkage and lower the rate of melting (Bodyfelt
et al 1988);

(4) Cause a high amount of agglomeration of the fat during freezing.
Therefore, the surfaces of the fat globules must have a relatively high concentration of
emulsifier (Goff 1995).

Stabilizer

Stabilizers are used to prevent the formation of objectionable large ice crystals
in ice cream and are used in such small amounts as to have negligible influence on
food value and flavor.

They are of three general types: (1) gelatin stabilizers, which come form
animal sources (such as calf skin, pig skin, and bones); (2) vegetable stabilizers, such
as sodium alginate, carrageenan, agar, and CMC (catboxy-methylcellulose); (3) gum,
such as guar, locust bean, tragacanth, and oat.

The stabilizer contributes several functions in ice cream. It can increase the
viscosity of products while decreasing water migration, maintain homogeneity and
control ice crystal growth during the freezing process (Hagiwara and Hartel 1996;
Flores and Goff 1999). Stabilizers in ice cream cause a slight increase in melting rate
(Arbuckle 1986). During storage, stabilizers play a role in resisting structural changes
during “heat shock”, which is the inevitable temperature-cycling during storage that
creates ice crystal growth and other types of deterioration due to structural changes

(Goff 1995). During consumption, stabilizers provide uniform meltdown, mouthfeel
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and texture. Stabilizers can also contribute to a smoother and more resistant body and
texture (Arbuckle 1986).

However, too much stabilizer can make the mix too viscous, making the ice
cream heavy and soggy. In short, stabilizer added to ice cream is to control ice crystal
growth during hardening and storage, especially during temperature fluctuations, to
give body and stiffness during freezing for air corporation and to impart smoothness in
body and texture (Arbukle 1986; Marshall et al 2003). The sensory quality and
overall acceptability of ice cream with various stabilizers has been reported (Minhas et
al 1997, Minhas et al 2002).

The amount of stabilizer to use varies with its properties, with the solids
content of the mix, with the type of processing equipment, and with other factors. The
amount used in regular ice creams may be in the range 0-0.5%, but generally is from
0.2-0.3% (Bo-Kang Lion 2006). When fat content is reduced, stabilizers content is
increased with cellulosic products being added (Mashall and Arbuckle 1996).

Flavorings

Flavor is the most important positive attribute of ice cream. Vanilla, chocolate
and strawberry flavor are among the most preferred ice cream products (Marshall et al
2003). The type and intensity of flavor in ice cream are the two important flavor
characteristics. Flavors should only be intense enough to be recognized easily and to
present a delicate pleasing taste. Too much or too little flavoring, unnatural or atypical
flavoring, and too much or too little sweetness could cause important defects in ice
cream (Li et al 1997; Marshall et al 2003).

Some factors, including mix composition, ingredient quality, process variables,
freezing and storage conditions, age of product, temperature of consumption, pH, fat
content, sweetness level, stabilizers, incorporation of air and flavorings added, affect
the overall flavoring of ice cream (Marshall et al 2003). For example, the higher the
content of non-fat solid in ice cream, the more flavoring will be added (Hyde 2001).
In addition, temperature, hydration, surface area, enzyme saliva and binding phase
inversion also affect flavor release during eating (Marshall and Arbuckle 1996).

The procedure for adding flavorings to ice cream usually depends on the type
of flavoring used, such as liquid, syrup, semisolid, and solid forms, and the type of

freezer. Other than liquid forms, flavorings are added to the batch freezer prior to
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completion of the freezing process in most situations (Marshall et al 2003). Liquid
flavorings are added to ice cream mixes prior to freezing. In addition, the performance
and type of the freezer also is a critical factor in the use of the mix composition and
flavor. For example, ice cream mixes with added chocolate flavor, whip more slowly
than mixes of most other flavors (Marshall et al 2003). The amount of flavoring
added to ice creams needs to be high enough to ensure good impact at the low
temperatures of consumption and also to be balanced with sweetness (Marshall et al
2003). The typical consumption temperature of ice cream is between -20°C and -5°C.
The lower the temperature, the lower the flavor impact perceived.

3.1.3 Manufacturing

The basic steps in the manufacturing of ice cream generally consist of two
distinct stages: mix manufacture and freezing operations. Mix manufacture consists of
combining and blending of ingredients, batch and continuous pasteurization,
homogenization and mix aging. Freezing operations usually include a two-step
process: under high shear and under quiescent conditions (Caldwell et al 1992;
Marshall and Goff 2003).

Pasteurization

The main purpose of pasteurization, the biological control point, in ice cream is
to destroy the pathogenic bacteria. In addition, most hydrolytic enzymes, even the
natural ones of raw milk, which could damage flavor and texture, are destroyed by
pasteurization. Pasteurization adds little additional expense, because it is necessary to
heat mix to dissolve or hydrate dry ingredients. Furthermore, homogenization can be
best accomplished at temperatures near those of pasteurization.

Both batch pasteurization and continuous high temperature short time (HTST)
method are generally used in the manufacture of ice cream (Goff 1995). Batch
pasteurization may be accomplished by heating either to 65.5 °C for not less than 30
min followed by quick cooling to about 4 °C or to 71.1 °C for 15-20 sec, which is the
legal minimum for ice cream in a batch pasteurization system (Hyde 2001). The batch
method is more suited to smaller manufacturers who will mix their ice cream and
pasteurize it in the same vessel. One advantage of batch pasteurization is that it
produces a better mouth feel of the ice cream, due to more of the whey proteins being

denatured. HTST is more fit for larger manufacturers who use a plate heat exchanger,
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which heat-treats a continuous stream of product. The pasteurization temperature for
ice cream is higher than that for milk because the sugar added to ice creams coats the
bacterial cells and helps to protect them (Goff 1995; Marshall and Goff 2003).

Homogenization

The main purpose of homogenization is to make a stable and uniform
suspension of the fat by breaking down or reducing the size of the fat globules found
in milk or cream to less than 2 pm. The resulting mix has a smooth texture and can be
whipped more easily during the freezing process, although not all ice cream
manufacturers use a homogenizer in the production process line (Goff 1995; Marshall
etal 2003).

Homogenization provides some functions in ice cream manufacture, including
(1) size reduction of fat globules (2) increasing surface area (3) membrane formation
to make a smoother ice cream (4) creating greater apparent richness and palatability
(5) better whipping ability (6) decreasing the danger of churning the fat (7) enabling
the use of butter, frozen cream, etc., and (8) increasing resistance to melting (Goff
1995; Marshall et al 2003). The mix should be homogenized in a two-step
homogenizer with the pressure of the first stage between 2000-2500 pounds and
between 500-1000 pounds for the second stage (Goff 1995). The higher the fat and
total solids in the mix, the lower should be the pressure of the homogenizer. By doing
a two-step homogenization, clumping or clustering of the fat is reduced, which
produces a thinner more rapidly whipped mix, and melt-down is also improved (Goff
1995; Marshall et al 2003).

Aging

The aging process of ice cream mix is performed overnight in insulated and
refrigerated storage tanks at a temperature maintained as low as possible without
freezing (Hyde 2001). In the process, the fat cools down and crystallizes. However,
the mix is not ready to freeze at that point in the process. Crystallization of the fat,
adsorption of proteins and emulsifier to the fat globules, and hydration of the protein
and stabilizers need to continue for a few hours, especially if gelatin is used as the
stabilizers. ~ Sodium carboxy-methylcellulose and guar gum, commonly used

stabilizers, hydrate well during the processing of most mixes. However, hydration
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proceeds slowly for the amount of carrageenan that is usually added with these
stabilizers to prevent whey separation on long-term storage.

Aging provides some essential functions including that it (1) improves
whipping qualities of the mix (2) improves the body and texture of the ice cream (3)
causes the reduction in stabilization of the fat globule (4) causes fat crystallization and
(5) increases viscosity (Goff 1995; Marshall et al 2003).

Freezing and Hardening

Freezing the mix is one of the most important operations in making ice cream,
for upon it depends the quality, palatability and yield of finished product.

Freezing consists of two parts: (1) the mix is frozen quickly while being
agitated to incorporate air and to limit the size of ice crystals formed; and (2) the
partially frozen product is hardened without agitation in a special low-temperature
environment designed to remove heat rapidly.

The flavor and color is usually added to the aged ice cream mix before
operating the freezing process because off-flavors do not occur once the ice cream mix
has been aged. Freezing ice cream mix is a dynamic process that freezes a portion of
the water and whips air into the frozen mix by the operation of a freezer pump,
resulting in an ice cream that has a consistency close to that of soft-serve ice cream
(Goff 1995). If a soft-serve ice cream is made, a horizontal batch freezer specifically
designed to dispense the ice cream is used, because the ice cream has a higher solids
content. The longer dwell time and lower overrun results in a product with a higher
proportion of unfrozen water and consequently there is a greater risk of larger ice
crystals to occur (Goff 1995). If the product is going to be sold in liter containers,
small tubs or being destined for scooping, one of two types of freezer, batch freezer
and continuous freezer may be used. Continuous freezers are more efficient with a
shorter dwell time, higher level of air incorporation is possible and a lower proportion
of unfrozen water in the product is achieved (Bo-Kang Lion 2006). Ice cream contains
a considerable quantity of air, up to half of its volume. This air is referred to as
overrun. This gives the product its characteristic lightness. Without air, ice cream
would be similar to a frozen ice cube. The batch type of freezer produces ice creams
with a low overrun and is better with recipes which contain about 30-32% total solids

(Bo-Kang Lion 2006).
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After the ice cream has been partially frozen, inclusions, such as nuts, candy or
fruit, are added, and the freezing process is continued by subsequent hardening. The
ice cream usually is packaged and is placed into a blast freezer at -30°C to -40°C
where most of the remainder of the water is frozen. Some of the important factors
affecting hardening rate are size and shape of package, air temperature, air circulation,
positioning within the freezer room, drawing temperature from the freezer,
composition of the mix and percentage of air incorporated. Quickly freezing the ice
cream avoids the formation of large ice crystals. Below about -25°C, ice cream is
stable for indefinite periods without danger of ice crystal growth; however, above this
temperature, ice crystal growth is possible and the rate of crystal growth is dependent
upon the temperature of storage. This limits the shelf life of the ice cream (Goff 1995;
Marshall and others 2003).

3.1.4 Shelf life

The shelf life of ice cream is mainly dependent on the storage conditions. Ice
cream can last as long as one year, or as little as two weeks. The finished product will
have a shelf life of about 12-18 months if kept at around -20°C to -25°C. In order to
maintain shelf life, some factors must be taken into consideration, including (1) proper
formulation of the ice cream, such as the addition of stabilizer and sugar (2) freezing
the ice cream quickly (3) hardening the ice cream rapidly and (4) avoiding temperature
fluctuations during storage and distribution (Goff 1995; Marshall et al 2003; Lee et al
2005).

3.1.5 Ice cream defect

Ice cream defects can be classified into several categories including flavor
defects, body and texture defects, melting quality characteristics, color defects and
shrinkage defects (Goff 1995).

The ideal product should possess a typical, fresh, clean, pleasant, and delicate
flavor; have close, smooth texture; melt slowly into the liquid with the appearance of
the original mix; have a natural color, have any particulates, ripples or other inclusions
evenly and liberally distributed; and have a low bacterial count.

Defects in flavor of frozen desserts are conveniently placed in the following
categories: (1) dairy ingredients of poor quality-sour (acid), oxidized, stale, lipolyzed,

unclean, and excessively cooked or scorched; (2) sweeteners-unnatural, excessive, or
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deficient; (3) flavoring- unnatural, excessive, or deficient; (4) blend- unpleasant
balance of ingredients; (5) storage-stale or absorbed flavor.

The sweetener system is considered to be defect if the product is too sweet or
lacks sweetness. However, the most commonly encountered defect in the flavor
assessment of ice cream is the dairy ingredient defect.

Body and texture defect primarily includes coarse, icy texture (Goff 1996).
Lower stabilizer or emulsifier, lower total solids or coarse air cells could cause a flaky,
snowy quality or a crumbly body in ice cream (Lee et al 2005). However, the
incorporation of large amounts of air as large air cells with low total solids or low
stabilizer could produce a fluffy or spongy defect in ice cream (Lee et al 2005). A
sandy texture is the easiest to detect and is caused by lactose crystals (Goff 1995).

Shrinkage is a very serious defect in ice cream. The defect shows up in
hardened ice cream and manifests itself in reduced volumes of ice cream, usually
pulling away from the top or sides of the container. Structurally, it is caused by a loss
of air bubbles and formation of continuous air channels. Some factors including (1)
freezing and hardening at low temperature (2) type of container (3) emulsifiers (4)
methods of handling in the grocery store and (5) low and high storage temperatures are

believed to be associated with the defect (Goff 1995).

3.2 Fat replacer

3.2.1 Introduction

The term “fat replacer”, which can be divided into two categories: fat
substitutes and fat minetics, is defined as a fats, proteins, or carbohydrates base
compound that replaces one or more of the functions of fat in order to reduce calories
in foods (Schmidt et al 1993; Drake et al 1996; Hatchwell 1996; Akoh 1998). Fat
substitutes are macromolecules that physically and chemically resemble triglycerides
(conventional fats and oils) and which can theoretically replace the fat in foods on a
one-to-one, gram-for-gram basis (Akoh 1998; Jones 1996). Fat mimetics are
substances that imitate organoleptic or physical properties of triglycerides but which
cannot replace fat on a one-to-one, gram-for-gram basis. Fat mimetics, often called
protein- or carbohydrate- based fat replacers, are common food constituents, e.g.,

starch and cellulose, but may be chemically or physically modified to mimic the
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function of fat. The caloric value of fat mimetics ranges from 0—4 kcal/g (Akoh 1998;
Jones 1996).

According to their chemical functional properties, fat replacers are classified
into ten general categories, including synthetic fat substitutes, emulsifiers or surface
active agent, starch derivatives, maltodextrins, hemicellulose, PB-glucans, soluble
bulking agents, microparticulates, composites and functional blends (Gilksman 1991;
Clark 1994; Jones 1996).

Fat provides flavor, mouth feel, texture, structure, process performance, shelf
life and appearance so fat mimetics should also provide those characteristics in low fat
or fat-free products (Clark 1994; Kuntz 1996; Akoh 1998). However, many studies
found that the use of fat mimetics is difficult for mimicking the rheological effects of
fats in some product categories (Jones 1996). In other words, none of the fat mimetics
would fit all applications, and blends of ingredients may be required to fulfill all of the
requirements of any one application (Kailasapathy and Songvanish 1998).

Fats and oils cannot simply be taken out of a food product and replaced with
fat mimetics and water. Hence, reformulation of low fat foods is required to achieve
all the taste and mouth feel characteristics which consumers want and expect
(Anonymous 1992). Many products, such as baked goods, dressings, meat products,
sauces, gravies and frozen desserts, have been successfully reformulated with fat
mimetics (Yackel and Cox 1992). Low-fat ice cream, in which a certain amount of fat
has been replaced with fat mimetics, should taste creamy and not develop ice crystals
upon heat shock and possess proper hardness when taken from the freezer (LaBarge
1988; Yackel and Cox 1992; Giese 1996).

Matching a low-fat prototype to a full-fat product can be a difficult task in
many instances because added fat mimetics change many sensory attributes, such as
flavor release, sweetness, saltiness, aftertaste, mouth feel and melting properties,
physical properties, such as viscosity, texture and appearance, and the microbiological
stability, in these products (Yackel and Cox 1992). Screening and evaluating the
appropriate fat mimetics in the development of low-fat food products have become a
significant goal for food developers and ultimately to business (Yackel and Cox 1992).
Fat mimetics, such as polydextrose and maltodextrin, as bodying agents in the fat-free

ice creams significantly increase flavor release, fattiness, creaminess, and melting rate
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of the ice cream (Hyvonen et al 2003). Incorporation of fat mimetics may be more
helpful in increasing the viscous properties than the elastic properties in a dairy-based
system (Adapa et al 2000). For example, microparticulated protein may provide a
dispersed phase, which uniformly distributes bound water throughout the product
matrix. Gums or modified starches provide viscosity and control free water and
emulsifiers keep the remaining fat compatible with the large amounts of water present
(Clark 1994).

3.2.2 Category of fat mimetics

Carbohydrate-based fat mimetics

Carbohydrates have been used in some foods for several years to partially or
totally replace fat. Digestible carbohydrates such as modified starches and dextrins
provide 4 kcal/g, while nondigestible complex carbohydrates provide fewer calories.
Many carbohydrates serve as thickeners or gelling agents in foods. Gums, starches,
pectin, cellulose, and other carbohydrate ingredients provide some of the functions of
fat in foods by binding water. They usually function as bulking agents or water
holding matrices, which give moistness to the food as well as provide texture,
mouthfeel and opacity (Giese 1996). For example, many fat-free and reduced-fat
cookies have used corn syrups, syrup solids, and high-fructose corn syrups as fat
mimetics to control water activity (Akoh 1998). Polyols such as sorbitol and maltitol
as well as fructooligosaccharides may also be used to control water activity (Akoh
1998).

Several carbohydrates are promoted and used for partial or total fat
replacement, including (1) gums or hydrocolloids (2) polydextrose or Litesse® (Pfizer
Chemical Division, NY) (Pfizer, Inc. 1991) (3) cornstarch maltodextrin or Maltrin®
MO040 (Grain Processing Corporation, IA) (4) tapioca dextrins (N-Oil®) or tapioca
maltodextrin (N-Oil® II, National Starch and Chemical Corporation) (5) potato starch
maltodextrin, passelli SA2 (Avebe America Inc. NJ) (6) modified potato starch,
Staslim® (Duxbury 1991).

However, the use of carbohydrate-based fat mimetics in reduced-fat ice creams
caused mixes to have higher viscosities, which can prevent air incorporation and
results in limited whipping ability (Marshall and Arbuckle 1996; Adapa et al 2000).

Studies showed that ice cream mixes with carbohydrate-based fat mimetics
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incorporated less air than control mixes and mixes with protein-based fat mimetics
(Schmidt et al 1993). Functionally, carbohydrate-based fat mimetics cause
stabilization and emulsification of food products (Alexander 1997).

Protein-based fat mimetics

Protein-based fat mimetics are derived from a variety of protein sources,
including egg, milk, whey, soy, gelatin, and wheat gluten. They are digestible and
metabolizable (Artz and Hansen 1994). These fat replacers providel kcal/g to 4
kcal/g.

Some of these protein-based fat mimetics are microparticulated (sheared under
heat). Microparticulated protein products are tiny, spherical particles, which can
provide a creamy mouth feel similar to fats. They often incorporate water and may be
usable in amounts less than fat, for example, 1 g of protein-based fat mimetics can
replace 3 g of fat in cream.

Protein-based fat mimetics are not suitable for use in fried foods but can be
used in dairy products, such as fat-free ice creams, frozen desserts, and milkshakes,
reduced-fat versions of butter, sour cream, low-fat cheese, yogurt, low-fat baked
goods, salad dressing, margarine, mayonnaise, coffee creamers, soups, and sauces.
One of these mimetics, Simplesse®, is manufactured from whey protein concentrate
by a patented microparticulation process. Developed by the NutraSweet Kelco Co. (a
unit of Monsanto Co., San Diego, CA), Simplesse® was affirmed as GRAS (21 CFR
184.1498) in 1990 for use in frozen dessert products and in 1994 for use in yogurt,
cheese spreads, cream cheese, and sour cream. Simplesse® is suitable for use in
additional products that do not require frying, such as baked goods, dips, frostings,
salad dressing, mayonnaise, margarine, sauces, and soups. The caloric value of
Simplesse®, on a dry basis, is 4 kcal/g. Formulation with hydrated gel forms,
however, enables calorie reduction; for example, a 25% gel provides 1 kcal/g.
Simplesse® provides fat-like creaminess in high-moisture applications, but like other
proteins it tends to mask flavor. Simplesse® retains the biological value of the protein
used and, hence, any antigenic/allergenic properties of the protein (Gershoft, 1995).

Protein blends, another group of protein-based fat mimetics that combine
animal or vegetable protein, gums, food starch, and water, are used in frozen desserts

and baked goods. A combination of protein, starches, and hydrocolloids has been
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suggested to have synergistic effects for lowering fat and retaining textural
characteristics of the products.

Fat-based substitutes

Fat-based substitutes, which may include chemical alterations of fatty acids to
provide fewer calories or no calories, have also been developed. Emulsifiers and fat-
based substitutes provide up to 9 kcal/g, such as Salatrim(short- and long-chain
acyltriglyceride molecules) (Benefat, Cultor Food Science, Inc, Ardsley, NY). Other
fat-based fat substitutes, such as Olestra (Olean, Proctor and Gamble, Cincinnati, OH),
have properties similar to naturally occurring fat but provide zero calories and pass
through the body unabsorbed.

Olestra is a sucrose polyester consisting of a mixture of hexa, hepta, and
octa esters of sucrose, esterified with long-chain fatty acids, derived from common
edible oils. Olestra can be liquid or solid at room temperature based on the fat source
in the sucrose polyester. It has organoleptic and thermal properties of fat but cannot
be hydrolyzed by gastric or pancreatic lipase and is too large a molecule to be
absorbed in the gastrointestinal tract and therefore cannot be metabolized for energy.
In 1996, manufacturers using Olestra were required to add fat-soluble vitamins A, D,
E, and K and to place a label statement informing consumers that olestra may cause
abdominal cramping, loose stools, and inhibit absorption of fat-soluble vitamins.
Subsequent scientific reviews have led the US Food and Drug Administration (FDA)
to conclude that the warning is no longer warranted (Anonymous 2005b).

Other fat-based fat substitutes with triglycerides containing short-, medium-,
and long-chain fatty acids randomly distributed on the glycerol backbone are only
partially digested and absorbed and provide 5 kcal/g. Mono- and diglyceride fat-based
substances have also been created. Emulsifiers are fat-based substances that are used
with water to replace all or part of the shortening content in cake mixes, cookies,
icings, vegetables, and dairy products. They provide the same calories as fat but less
is required in the product, resulting in a reduction in total fat and energy. Some of
these ingredients are heat stable and very versatile. Several studies have shown that
their application in fried snack foods and yogurt may lead to decreased energy and
macronutrient intakes in lean, overweight, and obese adult subjects up to 36 hours post

consumption (Burns et al 2002, Burns et al 2001, Burns et al 2000).
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3.3 Low-fat ice cream

Consumption of low-fat or non-fat dairy products has increased in recent years

due to potential health benefits and nutritional advantages (Yackel and Cox 1992).

The low-fat market extension has forced dairy food manufacturers to devise products
in order to satisfy demands of consumers. However, the retention of organoleptic
characteristics in low-fat products is difficult, and they faced a lot of challenges in
maintaining quality of low-food products (Duxbury 1991; Farooq 1997).

3.3.1 Challenges

Texture is one of the most important factors in the choices of consumers. The
primary difficulties to be overcome in low-fat or fat-free products are to maintain the
quality of texture and flavor intensity. To meet this challenge, the dairy industry has
endeavored to conduct a lot of research and development (Marshall 1991; Hatchwell
1994). Texture quality has been addressed with some achievements using fat
mimetics but flavor is not so easily solved (Hatchwell 1994). Marshall (1991)
demonstrated major challenges for manufacturing reduced-fat, low-fat and non-fat ice
creams, which are related to providing creaminess and body, minimizing ice crystal
formation, and finding good flavoring formulas.

3.3.2 Formulating reduced-fat ice cream

When formulating ice cream, the issues of fat, sugar and cholesterol reduction
should be treated successfully to produce a high quality product. Fat can be replaced
with the proper combinations of fat mimetics. Sugar alternatives can be used, while
cholesterol can be removed from butter and egg yolk by several techniques, such as
supercritical fluid extraction or chelation with B-cyclodextrin (Sandrou and
Arvanitoyannis 2000).

There are too many functions that fat has in foods so it is not totally realistic to
expect to find any one thing to replace it (Kuntz 1996). Texture and flavor are
primary issues in developing low- or non-fat products.

Hatchwell (1996) discussed several important areas of consideration to match
the objective of reformulating low-fat foods. First, the quality of raw material is really
important because any defects in raw materials become more apparent in a reduced-fat
product than in a full-fat product. In addition, the balance of sweetness and saltiness is

critical because there is more water in reduced-fat systems.
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3.3.3 Relationship between full-fat ice cream and low-fat ice cream

Lowering fat content in ice cream is achieved by using less of the original fat
level or substituting fat with fat mimetics. In low-fat and fat-free ice creams, milk fat
is replaced by fat mimetics, which cause changes in texture and affect perceptibility
parameters (Marshall 1991; Brauss et al 1999).

Many studies indicated that ice cream containing higher amounts of milk fat
was perceived to be low in iciness and hardness, high in thickness, smoothness,
gumminess and mouth coating (Prindiville et al 2000; Ohmes et al 1998). Regular ice
creams had higher intensity than low-fat and fat-free ice creams in milk flavor and
aftertaste and sweet aftertaste, but were lower in stale flavor. In fact, studies indicated
that milk fat itself has a sweet, buttery, creamy flavor due to fatty acids, fatty acid
esters, lactones and carbonyl compounds (Hatchwell 1994). Milk fat also functions as
a precursor that interacts with other food components during hydrolysis, oxidation,
and processing to create new flavors, such as caramellic and cultured flavors
(Prinvidille et al 2000). Milk fat also masks a lot of off-flavors due to their fat-
solubility and being present at below threshold levels in ice cream (Hatchwell 1994).
Kruel (2004) showed significant differences in sensory properties for strawberry ice
creams with different fat levels, and significant effects of fat level on fat mimetics.
The study found faster increases or decreases in flavor release, creaminess and
thickness with lower fat levels of ice cream.

Low-fat ice creams containing a higher level of NMS generally had a
significant influence on flavor perception, and it also offered a slightly salty taste in
some cases (Guichard 2002). Low-fat ice cream usually tends to have a lower flavor
impact because fat is not available to promote the flavor and both stabilizers and fat
mimetics used could bind elements of the flavorings making them unavailable to the
palate. In other words, ice cream technologists may need to increase sweeteners and
flavor levels to overcome the problem in many low-fat systems (Kuntz 1996; Guichard
2002).

Only very few ice creams have successfully managed to combine low-fat and
low-carbohydrate contents to achieve a low-calorie frozen dessert that is similar in

taste, flavor and mouth feel characters to a high-fat equivalent (Hatchwell 1994).
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3.3.4 Relationship between fat mimetics and low-fat ice cream

The amount of fat mimetics in ice creams cause changes in sensory properties.
Therefore, in order to replace fat with fat mimetics in the food matrix, a good
understanding of the functions of fat in that specific system prior to selecting the type
of fat mimetics is necessary (Kruel 2004). The amount of fat being replaced and the
degree of substitution also need to be considered in the choice of fat mimetics. Ice
cream manufacturers have attempted to simulate texture and flavor of low-fat or
reduced-fat ice creams by adding bulking agents, such as carbohydrate-based fat
mimetics or concentrated milk components as protein-based fat mimetics to fat-free
formulations (Roland et al 1999). The primary purpose of fat mimetics is to offer
sufficient total solids and to achieve the desired texture, body and flavor in a low-fat or
fat-free product. If a fat mimetic successfully replaces fat in a food product, the
overall properties of the products should be similar (Schirle-Keller et al 1992).

An appropriate combination of two or more fat mimetics in frozen desserts
may be better than a single fat mimetic (Glickman 1991). For example, the mixtures
of soluble bulking agents, microparticulated protein and starch derivatives can produce
desired reduced-fat or low-fat products due to their specific characteristics (Glickman
1991). Some studies also suggested that a combination of protein, starches and
hydrocolloids creates synergistic effects for lowering fat and retaining textural
characteristics of the products (Ordonez et al 2001; Ruthing et al 2001).

Ohmes et al (1998) showed that ice creams made with Simplesse® were not
significantly different in flavor and texture from a nonfat control. Schmidt and others
(1993) concluded that ice cream made with Simplesse® D-100 was more similar to
full-fat ice cream in terms of rheological properties than was ice cream made with
maltodextrin-based fat mimetics. Chung et al (2004) also came to similar conclusions
for cherry—flavored ice cream with Simplesse®, but found there were distinctive
condensed milk flavor and stickiness that distinguished them from the full-fat
reference.

Kailasapathy and Songvanish (1998) used several fat mimetics, such as
Slendid® and Simplesse®, in ice creams and evaluated their effects. Their studies
found that Simplesse® ice cream showed the least iciness compared with the full-fat

ice cream. The Slendid®, a carbohydrate-based fat mimetic, when added to ice cream,
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had the highest mix viscosity and foaming properties and melting characteristics,
which were similar to the 13% fat ice cream.

Zhang and Wang (1999) indicated that the physical properties of ice creams
were not significantly different if they were manufactured by using a proportion of
12%:2% of fructooligosaccharide to sorbitol to replace 14% sugar, 6% Litesse® to
replace 6% cream and an addition of 0.2% sodium citrate and 0.6% sodium caseinate.
In sum, fat mimetics, such as Tara gum, Litesse®, Slendid® and Simplesse® have
been used in the development of low-fat ice cream. The type of fat mimetic is more
important than the milk fat content in influencing the sensory properties of ice cream

(Chung et al 2004).

3.4 Inulin

3.4.1 Introduction

Inulin belongs to a class of carbohydrates known as fructans. The main sources
of inulin that is used in the food industry are chicory and Jerusalem artichoke. The
inulin consists of a mixture of fructose polymers, with a chain length from 2 to 60/ 70
units usually with a terminal unit of glucose (Tungland 2000). The degree of
polymerization (DP) depends of the vegetable source, the harvest date and storage
length (Januario et al 1999).

Inulin is a powder, varying in color from white to grey depending on the
purification degree. This powder does not have smell and practically no flavor.
However, if the sample is impure it can present a slightly bitter taste (Tungland
2000).The solubility of inulin depends on solvent temperature, especially when inulin
presents a high DP, being practically insoluble in cold water.

The use of inulin and of its hydrolysis products is dependent on the important
nutritional and functional properties, allowing different technological applications.

In the food industry, inulin is considered a food ingredient, which could be
potentially useful in developing functional foods. Those, besides supplying the basic
nutritional needs, can improve some physiological functions, eventually reduce the
risk of diseases occurrence. When incorporated in the diet, the inulin acts as
“prebiotic”, promoting selective development of beneficial microorganisms -

“probiotic” (Tungland 2000). Besides this action, it also exerts other functions on
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health, namely acting as dietary fiber. This fact derives from the incapacity of the
stomach and small intestine endogenous enzymes to hydrolyse inulin and its
derivatives. Degradation only occurs by bacterial fermentation at the colon level,
indirectly contributing to its low caloric value (Tungland 2000; Silva 1996). Inulin
consumption also contribute to the improvement of the mineral balance of the Ca, Mg
and Fe, and possibly presents an anti-cancerigenous effect by stimulating Bifidus flora
and so the immunity system (Silva 1996; Januario et al 1999; Niness 1999).

Inulin presents technological/functional interest. It can be considered an
alternative ingredient allowing to substitute or to restore fats with success, producing a
similar and pleasant sensation in the mouth. It can also be used as source of natural
and alternative sweeteners (fructose and FOS) with low caloric value. As inulin
possesses high fructose content, it constitutes an important raw material for the
production of fructose rich syrups (Silva 1996; Januario et al 1999). Besides the
already referred properties, the inulin exhibits other interesting functional properties
like: gelation, foams and emulsions stabilizing action. Its use as a natural texture
modifier is very interesting, as texture is an important attribute of food products
consumer's acceptance. These characteristics are related with inulin behaviour in
aqueous solution at different concentrations (Silva 1996).

Purified, analytical-grade inulin occurs as spherical crystals with radial
striation. Its average molecular weight is between 5,600 and 6,300 fluctuations
depending on the degree of polymerization of the molecules used in the measurement.
However, refined native inulin powder from chicory is white, amorphous, and slightly
hygroscopic; has a specific gravity of about 1.35 and an average molecular weight of
about 1,600. It is neutral in odor and taste. Commercial inulin contributes a
marginally sweet taste due to a small amount of naturally occurring mono-and
disaccharides.

Inulin is soluble in water with the solubility dependent on the temperature of
the water, degree of polymerization, distribution of the molecular chains, degree of
molecular branching and how the molecule is processed. Typically, native chicory
inulin is soluble to about 60 g/L. at 10°C, while at 90°C it is soluble to about 330 g/L.
Under normal conditions native chicory inulin is dispersible in water but may have a

tendency to clump during hydration due to its hygroscopic character. Dispersability
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may be improved either through mixing with sugar and/or starch or by instituting the
final product. Native chicory inulin has a water binding capacity of about 1:1.5.

3.4.2 Food application of inulin

Inulin possesses unique physical characteristics making it widely useful for
adding texture in food applications. For example, when inulin replaced corn syrups in
reduced fat ice cream formulations a chewier texture was created. Moreover, ice
crystal formation was reduced when 50% of the corn syrup was replaced with inulin
during thermally abusive storage conditions (Schaller-Povolny and Smith 1999). In
consumer tests, plain unsweetened yogurt containing inulin was preferred over
samples without inulin. Yogurt with inulin was identified as being creamier in
appearance, having a less chalky and creamier texture, and was sweeter with a less
sour/fermented taste and aftertaste (Spiegel et al 1994). Yogurt made with 10% inulin
with a DP of 12-16 was found to increase firmness compared to yogurt made with
shorter chained inulin (DP 5-8) and controls with no inulin (Terry et al 1999). The
unique functional properties inulin has to manage water effectively, affect rheology
and improve texture in foods and act synergistically with high water binding
hydrocolloids have allowed inulin to be used across all food product application areas,
particularly in low and no fat and low and no sugar systems.

Native chicory inulin has a unique ability to add rheological and textural
properties to food due to its ability to form discrete highly stable particle gels. Inulin
gel characteristics are dependent on a number of factors including inulin solids
concentration, which becomes more viscous and fat-like as inulin solids are increased.
In addition to concentration, inulin chain length distribution also affects gel
characteristics. Higher degrees of polymerization (long chain frictions) lower the
inulin level required to form a gel. Increasing amounts of monomer and dozer content
decrease viscosity, inulin gels are very creamy and fat-like, and as such can be used in
fat reduction and fat-replacer systems.

3.4.3 Safety and tolerance

Estimates of current daily inulin consumption from various natural foods range
from 1 to 4 g for Americans and up to 12 g for Europeans (Marchetti 1993).
Historically, the dietary intake of inulin has been significantly higher than current day

consumption estimates. Estimates of inulin intake from consumption of these foods
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include approximately 25 to 32 g of inulin per day by European populations
substituting Jerusalem artichokes for potatoes and approximately 160 to 260 g of
inulin per day from consumption by the Australian aborigines. Human tolerance to
inulin, as a class of compounds, is primarily dictated by chain length and dosage
(Tungland 2000). Abdominal symptoms, primarily gas and some abdominal
discomfort, increased with increasing dose and decreasing chain length.

Osmotic diarrhea associated with ingestion of unavailable or unabsorbable
oligosacchahides notably increases as the molecular weight of the molecule decreases
and as such is the most significant factor in determining tolerance in humans (Nilsson
and Bjorck 1988; Tokunaga et al 1986). Therefore, human tolerance to long chain
inulin (DP > 5; average DP 23) is greater than native chicory inulin (DP of 2 to greater
than 60, modal DP 9 units) is greater than the tolerance of FOS (DP 3 to 7, average
4.8), which, in turn, is greater than the tolerance of shorter-chain FOS (DP 3 to 5,
average 3.7). In both historic times and contemporary times, dietary exposure to the
entire range of chain lengths comprising inulin has been orders of magnitude greater
than exposure to any specific subset of hydrolyzed or shorter length inulin-type
compounds (fructooligosaccharides). Consequently, human and animal gut microflora
utilizing these non-digestible carbohydrates have evolved active inulinase enzymes.

Similar to other dietary fibers, human tolerance to inulin has been
demonstrated to be greater when inulin is part of the regular diet, spread out over the
course of the day, as opposed to a bolus dose. Absolonne et al (1995) observed an
increase in tolerance to FOS (DP 3 to 7) when the initial, single dose was split into two
doses administered in the morning and afternoon, respectively. Under those
conditions, the maximum daily dose that did not cause reactions was 27 to 31 g for
men and 33 to 37 g for women. They determined the lowest laxative dose (not
causing liquid stools) to be 41 g for men and 40 g for women (Tungland B C. 2000).

Shorter chain FOS (DP 3 to 5), which can caused adverse effects such as
diarrhea when initially consumed in large amounts, were more readily tolerated with
continued consumption (Oku 1986). The maximum dose to not cause diarrhea was
approximately 21 to 24 g per day (Takahashi et al 1986). However, lower doses of 10
to 15 g FOS (DP< 10; median DP 3) has resulted in intestinal rumbling and flatulence
(Rumessen and Gudmand-Hoyer 1998; Stone-Dorshow and Levitt, 1987). Lower



Kanok-on Issariyachaikul Literature review / 28

doses of shorter chain FOS (DP 3 to 5) in the 3 day, are typically well-tolerated in
healthy populations. A study by Tominaga et al (1999) involving 34 healthy female
subjects 18-21 years of age ingesting 3 g/d FOS showed higher stool frequency for
individuals having normal stool frequencies of < 5 times/week than control groups.
No significant difference was reported for individuals having stool frequency greater
than 5 times/week when compared to the FOS treatment group. Moreover, stool
condition (hardness and color) and mean transit time were unaffected by the FOS
consumption.

Wilpart (1993) reported a rat study involving various indigestible dietary
fibers, including inulin. They found that diarrhea incidence was higher with many
polyols such as maltitol, mannitol, sorbitol or xylitol compared to most
fructooligosaccharides. Adaptation to inulin took place within one week, resulting in
no untoward effects. In a human clinical study, Kleessen et al (1997) showed that
intakes up to 40 g /d of inulin produced no untoward effects, especially when divided
over the course of a single day. For those who reported milk to be their cause of
gastrointestinal symptoms (pseudohypolactasia), a 25 g dose of FOS was found to
cause significantly more symptoms than in a control group. This 25 g level of intake
may not initially be well tolerated by individuals who already experience
gastrointestinal problems (Tungland 2000). Review of the clinical study data,
indicates regular consumption of 40 to 70 g of native chicory inulin (DP 2 to 60;
average. DP 9) per day by healthy adults appears to result in no significant adverse
effects, especially when the consumption is in divided doses over the course of the
day. This estimated consumption range is further reinforced by observations in recent
review articles, reporting that consumption amounts up to 40 g of inulin daily in
various food preparations do not lead to any undesired side effects (Feldheim 1993, as

cited in Kleessen, 1997).
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CHAPTER IV
MATERIALS AND METHODS

4.1 Materials

4.1.1 Inulin

Commercial inulin, Frutafit® HD (Figure 4-1), was used in this study. It was
purchased from Helm Mahaboon Co., Ltd.,, Thailand (supplied from sensus,
Roosendaal, the Netherlands). The product specification sheet and nutritional
information of inulin, Frutafit® HD are shown in Appendix A.

Figure 4-1 Commercial inulin, Frutafit® HD

4.1.2 Ice cream ingredients
The raw materials used for ice cream making were all food-grade and
purchased from local supermarkets and bakery stores in Bangkok, Thailand. The list of

ice cream ingredients and the suppliers are shown in the Appendix B.

4.2 Preliminary ice cream making trial
This trial aimed at selecting the conventional full-fat formula for ice cream

product. The full-fat formula in this study was selected from various conventional
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recipes of cookbook. The recipes required appropriate adjustments prior to the
selection. The recipe which gave the product with best characteristics i.e. texture,
flavor and taste was chosen as the final full-fat formula. Such formula was used as a
reference in the formulation of modified fat ice cream products with inulin as fat

replacer.

4.3 Formulation of modified fat ice cream with inulin as a fat replacer
In this study, five different ice creams bases as list below were prepared.
e Full-fat ice cream, containing 12% fat (used as a reference product).
e Modified fat ice creams:
Non-fat, containing 0.5% fat
Low-fat, containing 3% fat
Light, containing 6% fat
Reduced-fat, containing 9% fat
Each modified fat ice creams was added with a commercial inulin (Frutafit®
HD) at 5, 7 and 9% (w/w) to replace milk fat. The level of inulin addition was chosen
based on a previous study by El-Nagar et al (2002). Water was added to make the total
weight of the recipes. The composition of modified fat ice cream based on weight
percentage is shown in Table 4-1 and the recipe of each type of ice cream is shown in
Appendix C.

Table 4-1 Composition (percent by weight) of ingredients in an ice cream mix

Mix Fat Nonfat Sugar GMS CMC Inulin
milk solid
Full-fat 12 12 11 0.15 0.2 0
Non+5 05 12 11 0.15 0.2 5
Non+7 0.5 12 11 0.15 0.2 7
Non+9 0.5 12 11 0.15 0.2 9
Low+5 3 12 11 0.15 0.2 5
Low+7 3 12 11 0.15 0.2 7
Low+9 3 12 11 0.15 0.2 9
Light+5 6 12 11 0.15 0.2 5
Light+7 6 12 11 0.15 0.2 7
Light+9 6 12 11 0.15 0.2 9
Reduced+5 9 12 11 0.15 0.2 5
Reduced+7 9 12 11 0.15 0.2 7
Reduced+9 9 12 11 0.15 0.2 9

GMS- emulsifier (glycerol monostearate)
CMC- stabilizer (carboxy-methylcellulose)
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4.4 Ice cream preparation

All ice creams were prepared in the pilot plant of the Food Science and
Technology Division, Institute of Nutrition, at the Mahidol University. A 5 kg batch
was prepared for each of the ice cream formulations.

All dry ingredients, which were weighed in advance, were mixed thoroughly
with the weighed liquid ingredients in a mixing vat. Then agitation and heating were
started. The mixes were pasteurized at 80 °C for 25 s. followed by homogenization
with a homogenizer (Ultra-Turrax T25, IKA-Labortechnik, Germany) at a speed of
13,500 rpm/min for 5 min. The ice cream mixes were then cooled at the ambient
temperature for approximately 15 min and then aged overnight at 4 °C.

A Taylor® ice cream freezer (model 103-34, Taylor Company, Rockton, IL,
USA) was used to freeze the mixes to soft ice creams. Aliquots of the frozen ice
creams were packed in containers. Samples designated for melting rate testing were
filled directly into plastic cups and carefully leveled to avoid compaction. After that
the soft ice creams were stored at -18°C for hardening. All ice cream samples were

made in triplicates.

4.5 Sensory evaluation

Sensory evaluation was conducted on the ice cream samples after storage in a
freezer (-18 °C) for one week. Sensory characteristics were evaluated by 50 untrained
panelists who were graduate students and staff at the Institute of Nutrition, Mahidol
University.

The sensory evaluation was carried out using a 9-point hedonic test for
appearance, flavor, texture, and overall acceptability, with 1 represented the lowest
intensity and 9 represented the highest intensity (1 = dislike extremely, 5 = neither like
nor dislike, 9 = like extremely). The samples with an overall acceptability score of 5
or above was accepted. Attributes of taste, color and appearance, body and texture,
and flavor were evaluated using 5-point“just-about-right”scales, with 5 corresponded
to “much too strong”, 1 to “much too weak”, and 3 to “just-about-right”. In addition, a
comment column was provided on each ballot. The questionnaire appears as

Appendix D.
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During sensory test, each sample was placed in a white plastic cup (containing
20 g of sample per cup). It was coded with 3-digit random numbers selected from a
random number table and presented to the panelists on a tray in air conditioned
individual testing booths (at the Sensory Science Laboratory, Food Science and
Technology Division, Institute of Nutrition) under daylight fluorescent bulb, free from
cooking odor and noise. Moreover, the full-fat and inulin added modified fat formulas
were served to each panelist each time in a completely random order. Panelists were
instructed to clean their palate with soda water before tasting each sample. The
experiment was designed as a completely randomized block (CRB). Samples with the
highest overall acceptability score for each type of ice cream would be selected for
further storage testing and nutritional determination.

4.6 Determination of physical quality

4.6.1 Viscosity

The viscosity of ice cream mix tempered to 4°C was measured at 100 rpm for
30 s using a digital viscometer (model DV-II; Brookfield Engineering Laboratories,
Stoughton, MA) attached with spindle no. 1. The value was detected as % torque.

4.6.2 Color

The color value was measured in triplicates using a colorimeter model JS555
(JUKI spectro colorimeter, Color Techno System Corparation, Tokyo, Japan). The unit
was standardized with a white tile (CHI-506001, L* = 98.34, a *= 0.02, b* = -0.66).
The value was detected by reflective detection and expressed as L* (lightness), a*
(redness), and b* (yellowness) values. Tungstan halogen lamp was used as a light
source.

4.6.3 Texture (hardness)

Hardness measurement was obtained at room temperature (25 + 2°C) using a
texture analyzer (TA.XT-plus Texture Analyzer; Stable Micro Systems, UK) equipped
with a P/36R cylindrical probe (Stable Micro Systems, UK). Twenty cups of each
sample with 3 cm height were individually compressed using the penetration speed of
the probe at 2 mm/s to a distance of 20 mm to determine hardness (g/cm?): the
maximum force required to compress the sample. Each cup of sample was left at

room temperature (25 + 2°C) for 3 min before testing.
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4.6.4 Melting rate

Melting rate determination was carried out as follows. Samples were tempered
at —18 °C overnight before melting rate testing. The plastic cup was carefully cut
away to expose the sample that was then placed on a sieve (No. 25) over an empty
cup. The amount of ice cream drained into the cup was weighed at 25 £ 1 °C every 5
minutes. A plot was created of mass of drip loss vs time. Melting rate was calculated
by determining the equation for the linear melting data. The slope of the line
represents the rate of melting as mass loss per min (Prindiville et al 2000).

4.6.5 Development of air cell size

Analysis of air cell was done following the methods developed by Thaiudom
(2007), which was modified from Chang and Hartel (2001). The ice cream sample
was cut into a 2x2 mm square and placed on a pre-chilled microscopie slide, then
dispersed with a few drops of cooled glycerol, covered with a cover slip. Images were
taken by a digital camera attached to the microscope to accumulate at least 300 cells of
air cell. The size of each air cell was defined as the diameter of a circle (um).

4.6.6 Overrun

The overrun of the final ice cream product was determined using the formula:

%Overrun = (Weight of unit mix-weight of equal volume of ice cream) x100

Weight of equal volume of ice-cream

(Roland et al 1999)

4.6.7 Extent of fat destabilization (turbidity)

The degree of fat destabilization was evaluated by spectroturbidimetry
(Thaiudom 2007). A hardened ice cream was thawed at room temperature until
melted and an aliquot of 40 mL was taken for analysis. The sample was diluted at 1:
500 with filtered water and the absorbance was measured by a spectrophotometer at
540 nm against deionized water as a blank. Lower absorbance, as the solution
becomes less turbid, relates to higher levels of fat destabilization due to fluculation or

coalescence of the fat.

% Fat destabilization = turbidity of the ice cream x 100
turbidity of the mix
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4.7 Determination of nutritional value

The selected ice cream for each type of modified fat formulas with the highest
acceptability from sensory evaluation was analyzed for moisture, protein, fat, ash,
carbohydrate, and energy. The determination was done by the Food Chemistry
Laboratory, the Institute of nutrition, Mahidol University.

The analytical procedures were performed in duplicates according to methods
of the Association of Official Chemists (AOAC 2000). The procedures are shown in
Appendix E.

4.8 Storage test

A complete randomized design was used (with split-plot experiment) for
storage test of modified fat ice creams. The selected ice cream for each type of
modified fat formula with the highest acceptability from sensory evaluation was stored
in a plastic container in a freezer (-18°C) for 7 weeks during which instrumental
texture profile analysis, determination of air cell size and sensory analysis was

performed every 2 weeks.

4.9 Data analysis

Analysis of variance (ANOVA) was used to establish the significance of the
individual differences in the physical properties and sensory evaluation data among ice
cream samples at p = 0.05.

Significantly different means were compared using Duncan’s Multiple Range
test at p=0.05. All the statistical analyses were conducted using the SPSS (Version

13.0) commercial statistical package.

The overall experimental schematic is shown in Figure 4-2
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Figure 4-2 Experimental schematic
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CHAPTER V
RESULTS

5.1 Preliminary ice cream making trial

Various conventional recipes for full-fat ice cream products were tested for
selecting a reference formula. The recipes required appropriate adjustments to obtain
the ice cream product with the desired characteristics. After several trials, the final
recipe that was used as the reference (full-fat) formula in this study is shown in Table

4-1.

5.2 Formulation of modified ice cream with inulin as a fat replacer

Four types of modified fat ice cream were formulated, namely non-fat, light,
low-fat, and reduced-fat ice cream. Inulin was added into each type of the modified
fat ice cream mix, totaling 12 formulas, at levels of 5, 7 and 9% (w/w). Ice cream pro
ducts were prepared from all formulas and screened for physical appearance and
sensory characteristics by the researcher. All modified fat ice cream appeared to be
satisfactory.  Therefore, all formulas were tested for sensory evaluation and

determination of physical quality in the next step of this study.

5.3 Sensory evaluation

All type of ice cream were tested for sensory acceptability by 50 untrained
panelists aged between 21-50 years old, according to the procedures described in
section 4.5.

Table 5-1 shows the sensory acceptability results of modified fat ice cream
products using inulin as a fat replacer with different percentages of inulin and the full-
fat formula in the terms of appearance, flavor, texture, and overall acceptability.

There were no significant differences (p>0.05) in appearance, flavor, texture, and

overall acceptability among full-fat formula and the majority of inulin added modified
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fat formulas. Significantly differences (p<0.05) were found only in non-fat ice cream
in all sensory characteristics. The sensory scores of non-fat ice cream were lower than
those of other types of modified fat ice cream and full-fat ice cream, especially in
nonfat ice cream with 5% inulin addition which showed the lowest scores in

appearance, texture and overall acceptability.

Table 5-1 Sensory scores of modified fat ice creams using inulin as a fat replacer

at 5, 7 and 9 % (w/w) compared with a full-fat formula *?

Formula Appearance’ Flavor’ Texture’ Overall
acceptability’

Full-fat 7.68+0.99 d 7.40+1.03 ¢ 7.43+1.16d 7.63£0.90 b
Non+5 5.27+1.61 a 6.13+1.54 ¢ 4.73+1.76 a 5.40+1.51 a
Non+7 5.78£1.67 b 5.58+1.30b 5.40+1.62 b 5.69+£1.53 a
Non+9 6.44+1.57 ¢ 5.07+#1.30 a 6.02+1.32 ¢ 544+1.32 a
Low+5 7.40+£0.72 d 7.20+0.78 de 7.04+0.90 d 7.31£0.73 b
Low+7 7.44+0.72d 7.27+0.86 de 7.40£091d 7.36+£0.88 b
Low+9 7.58+0.62d 7.22+0.97 de 7.44+0.65d 7.35¢0.81 b
Light+5 7.58+0.69 d 7.47£0.69 ¢ 7.29+0.92 d 7.47£0.75 b
Light+7 7.64+0.83 d 7.49+0.79 ¢ 7.38%1.17d 7.56£0.78 b
Light+9 7.53+0.84d 7.44+0.86 ¢ 7.51£0.92d 7.38+0.98 b
Reduced+5 7.51+1.06 d 7.27+0.98 de 7.42+1.01d 7.47+0.94 b
Reduced+7 7.82+0.86 d 7.29+0.89 de 7.49+0.92d 7.47+0.94 b
Reduced+9 7.56+0.78 d 6.84+1.02d 7.44+1.05d 7.22+0.90 b

1 Results are mean + standard deviation (SD)

2 Means in the same column followed by a different letter (a-¢) were significantly
different (p<0.05)

3 Nine-point hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, 9 = like
extremely)

The results of sensory evaluation of modified fat ice cream with inulin as a fat
replacer at various levels compared with full-fat formula in the terms of color, odor,

sweetness, creaminess, smoothness, and hardness are shown in Table 5-2.
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From Table 5-2, the sensory acceptability results of modified fat ice cream
products using inulin as a fat replacer with different percentages of inulin and full-fat
formula were not significantly difference (p>0.05) in terms of color, odor, sweetness,
creaminess, smoothness and hardness. Significantly differences (p<0.05) were found
only in non-fat ice cream when compare to other formulas.

Overall, results of sensory evaluation indicated that most of the modified fat
ice cream namely low-fat, light and reduced-fat formulas were well accepted by the
consumer with the overall acceptability score being between like moderately and like
very much. On the other hand, non-fat ice cream was barely accepted with the overall

acceptability score being between neither like nor dislike and like slightly.

5.4 Determination of physical quality

The physical properties of all types of ice cream were determined according to
the procedures described in section 4.6

Table 5-3 shows the physical properties of modified fat ice cream products
using inulin as a fat replacer with different percentages of inulin compare to the full-
fat in the terms of viscosity, overrun, and color.

From Table 5-3 the viscosity of all modified fat ice cream mixes with added
inulin showed a significant increase corresponding to the proportion of inulin
concentration. For overrun value, the highest overrun values were found in modified
fat ice creams containing 5% inulin, except in the non-fat formula. The values were
not significantly different (p>0.05) from that of full-fat sample. For light, low, and
reduced fat ice cream, increasing inulin concentration beyond 5% seemed to reduce
the overrun value.

For color (Figure 5-1), L* value (lightness) was significantly different (p<0.05)
among all types of ice cream. Nevertheless, within each type of ice cream sample
there were no significant differences (p>0.05) between different levels of inulin
addition except in non-fat formula. Addition of inulin significantly affected the a*
value of redness (p<0.05) in all types of ice cream corresponding to the level of inulin
addition resulting in improving of the value to close to the value for full-fat formula.

For b* value (yellowness), there were no insignificant differences (p>0.05) among all
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types of ice cream and also within the ice cream type containing different levels of

inulin. Furthermore, the increasing inulin level seemed to reduce b* value.

Table 5-3 Effect of inulin on viscosity, overrun, and color of modified fat ice

cream compared to full-fat formula '

Formula Viscosity Overrun Color
(%t) (%) L* a* b*
(lightness) (redness) (yellowness)
Full-fat 74.53£2.97d 20.62+1.23def  88.90+0.22ef -1.69+0.03gh  12.92+0.56def
Non+5 43.26+0.23 a 8.56+0.18a 84.01+0.52a  -3.40+0.18a 12.39+0.53cde
Non+7 59.20+0.36 ¢ 16.23+0.90 ¢ 87.37+£0.47cd -2.70+0.07b  12.48+0.36cde
Non+9 61.23+0.25¢ 21.27+0.88 ef  90.35+£0.21h  -1.86+0.07 f  10.70+0.38a
Low+5 54.26£0.28 b 23.74+0.49 g 86.94+0.35¢c -2.16£0.11de  12.71+£0.47def
Low+7 73.03£2.19d 14.02+£2.19b 87.73+0.21d -1.83+£0.04fg  11.82+0.34bc
Low+9 80.16+0.46¢ 12.67+0.43 b 87.39£0.51cd -2.11+£0.05de  12.224+0.18cd
Light+5 59.53£2.00 c  21.70+1.65 fg 85.10£0.29b  -2.25+0.05¢  12.2940.29cde
Light+7 77.50£0.60de 19.18+1.51de  84.69+0.51b -2.16+£0.13de  12.34+0.51cde
Light+9 89.26+6.09f  19.36+3.36 de  85.33+0.15b -1.81+£0.06fg  11.45+0.38b
Reduced+5  76.83+0.35de 25.89+0.41 h 88.35+£0.30e -2.09+0.08e¢  12.7940.46def
Reduced+7 85.73+491f 18.68+0.40d 89.60+0.45g -1.63+0.02h  13.43+0.23f
Reduced+9 96.43£3.15g 18.90+0.54 de ~ 89.29+0.02fg -1.46+0.04 1 13.03+0.20ef

1 Results are mean + standard deviation (SD)

2 Means in the same column followed by a different letter (a-i) were significantly

different (p<0.05)
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Figure 5-1 Modified fat ice cream products using inulin as a fat replacer at 5, 7

and 9 % (w/w) compared with a full-fat formula
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Table 5-4 shows the physical properties results of modified fat ice cream
products using inulin as a fat replacer with different percentage of inulin and control
formula in the properties of meltdown rate, destabilization of fat, air cell size, and

texture (hardness).

Table 5-4 Effect of inulin on melting rate, destabilization of fat, air cell size and

hardness of modified fat ice creams compared to full-fat formula >

Formula Melting rate Destabilization Air cell size Hardness
(g/min) of fat (%) (um) ()

Full-fat 1.537240.01 cd  51.52+0.83 f 182.16+£146.44 b 9865.45+2126.12 cb
Non+5 1.0797+0.09 a 27.15+0.74 ab 258.51£197.32 def 20213.39+5973.83 d
Non+7 1.2723+0.10 b 32.03£1.47 ¢ 172.33£132.51b 14766.10+4314.61 ¢
Non+9 1.4744+0.04 cd  45.00£0.00 ¢ 129.33+£77.95 a 21137.28+16502.2 d
Low+5 1.273240.16 b 25.13+3.76 a 279.33+221.36 f 4179.18+1412.80 a
Low+7 1.4253+£0.01 bed  26.65+1.31 a 273.66+220.15 ef 4551.04+1084.77 ab
Low+9 1.562140.03 d 29.09+0.09 b 243.66+186.93 cde 7396.09+1694.31 ab
Light+5 1.514940.14 cd  33.20+0.62 ¢ 463.334243.45 i 34713.66+£9711.3 ef
Light+7 1.532240.05cd  33.87£0.21 ¢ 391.66+240.04 h 38485.80+£7362.72 f
Light+9 1.499740.17 cd  36.42+0.54d 312.50+134.27 g 32538.79+£10442.42 ¢
Reduced+5  1.5285+0.07cd  50.47+1.30 f 231.00+£166.82 cd 6700.50+3035.01 ab
Reduced+7  1.2674+0.03 b 82.83+0.71 h 214.83+143.14 ¢ 7405.79+2231.33 ab
Reduced+9  1.3655+0.03 be 79.47+£0.522 g 160.50+114.12 b 13703.12+2355.46 ¢

1 Results are mean + standard deviation (SD)
2 Means in the same column followed by a different letter (a-i) were significantly

different (p<0.05)

The rate of meltdown of non-fat and low-fat ice creams containing inulin
significantly increased (p<0.05) as the inulin concentration increased. However, the
rate was slightly lowered in light and reduced fat ice creams with increasing amount of
inulin. The melting behavior of all ice cream is shown in Figure 5-2. The meltdown
rates between each type of ice cream were different due to the difference in fat
content.

Increasing inulin concentration within each type of ice cream also

significantly increased (p<0.05) the destabilization of fat. The extent of fat
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destabilization were significantly different (p<0.05) among different types of ice
cream.

The results in Table 5-4 indicate that air cell size of modified fat ice creams
with added inulin was significantly different from the control (p<<0.05). An increase in
inulin concentration significantly decreased (p<0.05) air cell size in each ice cream
type, resulting in improving the air cell size quality to close to the full-fat ice cream as
shown in the Figure 5-3. For hardness, modified fat ice creams with inulin was
significantly different (p<0.05) in hardness from the full-fat sample. Within each type
of modified fat ice cream containing different inulin concentration, most hardness
values were not significantly different (p>0.05). Low-fat ice cream, exhibited the
lowest hardness followed by reduced-fat, full-fat, non-fat and light ice cream
respectively.

From the result of sensory evaluation and physical quality determination,
modified fat ice cream could be formulated with satisfactory characteristics by using
inulin as a fat replacer with an exception of non-fat ice cream. Increasing the level of
inulin addition from 5 to 7 and 9% (w/w) did not significantly improve sensory
acceptability as well as overrun of the ice cream. It did not morbidly affect other
physical qualities either. Hence, modified fat ice cream formulas with 5% addition

were selected for determination of nutritional values and storage test in the next step.
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Figure 5-2 Melting characteristic of modified fat ice cream using inulin as a fat at

5, 7 and 9 % (w/w) compared with a full-fat formula
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Figure 5-3 Air cell characteristic of modified fat ice cream using inulin as a fat

replacer at 5, 7 and 9 % (w/w) compared with a full-fat formula

Non+5 Low+5 Light+5 Reduced+5

Full-fat Non+7 Reduced+7

Non+9 Low+9 Light+9 Reduced+9
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5.5 Determination of nutritional value

Modified fat ice cream products with 5% inulin were analyzed for moisture,
protein, fat, ash, carbohydrate and energy. The analysis was performed by the Food
Chemistry Laboratory, Institute of Nutrition, Mahidol University. The results are
shown in Table 5-5

Table 5-5 Nutritional value of modified fat ice cream products containing 5%

inulin and regular (full-fat) formula (per 100 g sample)

Formula Energy = Moisture  Protein Fat Carbohydrate Ash
(keal) (2) (Nx6.25) (2) (2 (2)
(2)

Full-fat 192.39 65.04 0.90 11.27 21.84 0.95
Non+5 106.00 72.67 0.40 0.11 25.87 0.95
Low+5 137.29 69.19 0.55 3.57 25.74 0.95
Light+5 165.53 65.45 0.65 6.21 26.76 0.93
Reducet+5  174.94 64.97 0.74 7.74 25.58 0.97

Results are mean of duplicate analysis

5.6 Storage testing

Modified fat ice cream products with 5% inulin were stored at -18°C for 7
weeks. Sensory evaluation, texture profile analysis and determination of air cell size
were performed on 1%, 3, 5™ and 7" week. The same procedure was also carried out
in full fat ice cream for comparison.

The results of sensory evaluation are shown in figure 5-4 to figure 5-5 and raw
data are shown in appendix F. All sensory characteristic were affected by the storage
time. Appearance, flavor, texture, and overall acceptability scores decreased as the
storage time increased. In particular the texture and overall acceptability scores were
significantly reduced (p<0.05) when compared to the scores at one week of storage.

For the suitability of color, odor, sweetness, creaminess, smoothness, and
hardness, storage time did not affect the sensory characteristics of color, odor, and

sweetness in all types of ice cream. Whereas the smoothness score decreased from 3
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(just-about-right) to 2 (too coarse) when the storage time increased. Hardness
significantly increased (p<0.05) when compared to the score at one week of storage.
Table 5-6 reveals the results of storage time on hardness as measured by
texture profile analysis and air cell size of the modified fat ice cream products and
full-fat formula. Hardness value of all ice cream significantly increased (p<0.05)
during storage. Air cell size was not affected by storage except for reduced-fat ice
cream with 5 % inulin addition where the air cell size is significantly increased
(p<0.05) with storage time.
Figure 5-4 Sensory properties (appearance, flavor, texture and overall
acceptability) of modified fat ice cream with 5 % inulin addition and full-fat ice

cream during 7 weeks of storage’
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Figure 5-5 Sensory properties (color, odor, sweetness, creaminess, smoothness

and hardness) of modified fat ice cream with 5 % inulin addition and full-fat ice

cream during 7 weeks of storage*
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CHAPTER VI
DISCUSSION

During the last few decades a number of research works have been conducted
ranging from improving the quality of full-fat ice creams to developing new low-fat
products. These studies have indicated that some ingredients in ice cream, mainly fat,
have significant effects on the characteristics of flavor and texture (King 1994; Specter
and Setser 1994; Stampanoni-Koeferli et al 1996; Guinard et al 1997; Li and others
1997). The primary difficulties to be overcome in low-fat or fat-free products include
adjusting the mouth feel and flavor perception to resemble that of full-fat products. To
meet this challenge, ice cream manufacturers have been focusing on eliminating the
problems resulting from the replacement or removal of milk fat (Marshall 1991,
Hatchwell 1994). In recent years, carbohydrate-based fat mimetics, such as
maltodextrin, Litesse®, Splendid™, N-Lite® and protein-based fat mimetics, such as
Simplesse®, N-Lite™ have been widely used in manufacture of ice creams due to
prevalence of low-calories foods (Kailasapathy and Songvanish1998; Yilsay et al
2006). However, the use of fat mimetics in ice cream affected flavor and texture
characteristics of ice cream, which resulted in decreased overall acceptability by
consumers.

This study concentrates on effect of inulin as a fat replacer on sensory

characteristics and physical properties in ice cream.

6.1 Preliminary ice cream making trial

Common recipes for full-fat ice cream product used in this study were those
generally found in cookbooks. They were prepared and tested for acceptability. After
some adjustments, one recipe was selected for use as a reference formula. This
formula formed a basis for the formulation of modified fat ice cream products with

inulin as a fat replacer. In addition, the formula served to ensure that the changing in
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acceptability score from sensory evaluation of modified fat (inulin added) products did
not result from inferior cooking skill and technique used by the researcher

The reference recipe of full-fat ice cream involved the use of emulsifier, CMC
and stabilizer, GMS. The reasons for selecting them as emulsifier and stabilizer were
because of the promising results reported by previous researchers. EI-Nagar et al
(2002) found that the use of GMS in ice cream product at 0.75% level, gave no
negative effects on the product quality.

6.2 Formulation of modified fat Ice cream products

In this study, a commercial inulin (Frutafit®HD) was used to replace fat in ice
cream product. It was added at 5, 7 and 9 % (w/w). The replacement level was
determined in accordance to the previous research which involves the incorporation of
inulin as a fat replacer in low fat yogurt-ice cream products (EI-Nagar et al 2002).
They reported that product application using 5% to 9 % inulin addition resulted in
products with satisfactory characteristics when compared to full-fat yogurt-ice cream
and low-fat yogurt-ice cream product without any fat replacers. After increasing the
incorporation level of inulin in each type of ice creams, inulin could be incorporated
up to 10 % for all types of ice cream. Problems with product processing and
unpleasant product characteristics especially in taste (sweetness) and texture tended to
appear when addition of inulin was above the mentioned level. Similar results were
mentioned in a study by Akalin amd Erisir (2008), which used 4% of inulin as a
prebiotic and a fat replacer in low-fat and non-fat probiotic ice creams.

Non-fat, light, low-, and reduced fat ice creams without added inulin or any fat
replacers were not prepared for comparison with the modified fat formulas with added
inulin. Only a regular full-fat formula was used. The reason followed the study of
Roland et al (1998) that as fat content of the ice cream decreased, the sample was less
white, harder and melt more quickly. In addition to the low-fat sample tasting less like
cream, an increase in perception of the undesirable flavor occurred. Therefore, it was
clear that low-fat ice creams without fat replacers are significantly different in sensory
and physical properties from full-fat ice cream. Such differences and the markedly
inferior quality make the modified fat formulas without fat replacers unacceptable.

Hence, they should not be used as a basis for developing the modified fat counterpart.
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6.3 Sensory evaluation

From the study of Roland et al (1998), the sensory characteristics of ice cream
with different fat contents (0.1%, 3%, 7%, 10%) without the addition of a fat replacer
were significantly different (p<0.05) in terms of textural appearance (air hole,
stickiness, and glossiness). This increased as the percentage of fat in the ice cream
increased. The flavor score was also influenced by fat. As fat content decreased, the
sensory score for both milk powder flavor and corn syrup flavor ice cream increased
significantly (p<0.05). The textural attributes showed significant changes at each
percentage of fat (p<0.05). Iciness, melt ability and coldness decreased as fat content
increased whereas stickiness and air hole content increased.

In this study the addition of inulin to light (3% fat), low- (6% fat) and reduced
fat (9% fat) ice cream improved the sensory characteristics of the samples with the
rating of these ice creams resembling that of the full-fat sample. Changing of inulin
concentration appeared not to affect the sensory characteristics in these products
(Table 5-1, 5-2). These results agree well with the studies of EI-Nagar et al (2002) and
Kowittaya et al (2005). They found that addition of inulin to low-fat base ice cream
improved the sensory characteristics of the sample with the rating of ice cream
resembling that of the high fat product. Moreover, a change in inulin concentration
appeared not to affect the texture characteristics.

Replacing all milk fat with inulin in the non-fat (0.5%fat) ice cream, however,
significantly lowered (p<0.05) the sensory scores when compared to the full-fat
formula. In the case of non-fat formula, an increase in inulin addition tended to
improve appearance, texture and creaminess sensory scores. Additional information
from the comment ballots also indicated that undesirable milk powder flavor was more
profound in ice cream with less fat content than that with higher fat content. These
results were similar to the report of Roland et al (1998) as mentioned earlier.

In contrast, Devereux et al (2003) reported that there were no significant
differences between control (full-fat) and low —fat ice cream with inulin in the sensory
scores of appearance and color. Whereas, the scores of overall acceptability, flavor
and texture for low-fat ice cream with inulin were lower than those of the control. In
addition, Akin et al (2007) reported that addition of 1-2% inulin in full-fat probiotic

ice cream had no effects on the sensory properties of the ice cream (p>0.05).
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6.4 Determination of physical quality

6.4.1 Viscosity

From the results (Table 5-3), the viscosity of the modified fat ice cream mixes
with added inulin showed a significant increase (p<0.05) corresponding to the
proportion of inulin concentration. An increase in the viscosity value of the modified
fat ice cream samples added with inulin could be explained by the interaction of the
dietary fiber (inulin) and the liquid component of ice cream mix. Inulin, being
hygroscopic, would bind water and form a gel-like network that would modify the
rheology of the mix. Schmidt et al (1993) reported that an ice cream mix containing a
carbohydrate-based fat replacer exhibited a viscous behavior because of the water
imbibing capacity, which in turn would increase the viscosity of the system.

Similar results were found by EI-Nagar et al (2002), Akalin and Erisir (2008)
and Akin et al (2007), which reported that there were significant differences (p<0.05)
in viscosity among regular ice cream mixes and inulin-added ice cream mixes, and that
viscosity increased with an addition of inulin to the mix.

The results from another study were also similar to our findings. Significantly
higher apparent viscosity was obtained by replacing 100% of the 42 DE corn syrup
with inulin in a reduced fat ice cream mix (Schaller-Povolny and Smith 1999). The
authors reported that higher apparent viscosity resulted from the higher molecular
weight of inulin and that a potential interaction between inulin and milk proteins could
also be present in the system. Higher molecular weight of inulin may be related to a
higher apparent viscosity of the ice cream mixes containing inulin in our study.

However, when compared to the full-fat ice cream, non-fat and low-fat with
5% inulin formulas exhibited a significantly lower viscosity. This may be because an
insufficient amount of inulin was used. The remaining modified fat formulas had
similar or higher viscosity than that of the control.

6.4.2 Overrun

The overrun value of ice cream in this study ranged from10% to 25% in all
types of ice cream. The low overrun value may be due to the type of freezing and
composition of ice cream. The freezer used in this study was a batch-type household
ice cream maker. Akalin et al (2007) showed that the overrun value of ice cream in

their study was low because of the freezing process that was carried out in a batch type
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freezer and overrun value varied depending on the composition. Chang and Hartel
(2001) suggested that fat content did not influence the overrun value during batch
freezing.

The highest overrun values were found in modified fat ice creams containing
5% inulin, except in the non-fat formulas (Table 5-3). The values were not
significantly different (p>0.05) from that of the full-fat sample. For light, low-fat and
reduced-fat ice cream, increasing inulin concentration beyond 5% seemed to reduce
the overrun value. The main reason may due to the higher viscosity of sample when a
larger amount of inulin was added. Schmidt et al (1993) found that the use of
carbohydrate-based fat replacer in reduced fat ice cream resulted in mixes with higher
viscosity. These mixes incorporated less air than the control. Similar results were
found by Kowittaya et al (2005). In contrast, Akalin and Erisir (2008) found that
addition of inluin at 4% level in low-fat and non-fat probiotic ice cream increased the
overrun value. Akin (2005) reported that adding inulin in ice cream produced
insignificant effects (p>0.05) to the overrun value. An opposite result obtained in non-
fat ice cream could be explained by an insufficient amount of inulin addition resulting
in low viscosity mixes which could not trap enough air into them. An increase in the
level of inulin in such case may help to increase the overrun.

6.4.3 Color

Addition of inulin showed a significant effect (p<0.05) on the L* (lightness)
corresponding to the inulin concentration, whereas, the changes in a* value (redness)
and b* value (yellowness) were much less affected. Moreover, the L* value
(lightness) increased with an increasing fat content among different types of the
modified fat ice creams. Similar results were found by Roland et al (1998) that the
color of the ice cream increased in whiteness (p<0.05) as the fat content increased
from 0.1 to 10% fat. Correspondingly, ice cream samples were more red and less
green as the fat content increased, as reflected by increasing a* value. The b* value
increased as the fat content of the samples increased, which corresponded to the
sample being more yellow and less blue. Roland et al (1999) also found that all
products with fat replacers (maltodextrin, milk protein concentrate, and polydextrose)
were whiter than 0.1% fat ice cream (p<0.05), but not as white as 10% fat ice cream.

Whereas Akalin et al (2007) found no effect of inulin was obtained on the analytical
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measures of color. Mean value of yellowness (b*) was significantly higher in regular
ice cream that contained 10% milk fat. The b* value corresponded well with the fat
content of the products though no significant differences were obtained between the b*
values of the products containing 6 or 3% milk fat. Lightness (L*) and redness (a*)
values showed similar behavior. Those values were very close to each other (p>0.05).

6.4.4 Melting rate

According to the results in Table 5-4, the rate of meltdown of non-fat and low-
fat ice cream containing inulin significantly increased (p<0.05) as the inulin
concentration increased. However, the rate was slightly lower in light and reduced-fat
ice cream with increasing amount of inulin. The results agree well with those of Akin
et al (2007). They reported that samples with inulin lost their shape more quickly than
other products. Reduced-fat and low-fat ice creams made with inulin melted faster
than regular ice cream (p < 0.05). According to our results the meltdown rate was also
different between each type of ice cream. This suggested that the level of fat content
also affected the meltdown rate with sample higher in fat having a higher meltdown
rate. In contrast, Akin et al (2007) reported that milk fat slowed the rates of heat
transfer through ice creams. Therefore, ice creams that contain fat would be expected
to melt more slowly than would non-fat ice creams containing similar amounts of total
solids and stabilizer— emulsifier. Nevertheless, our results were similar to the study of
Roland et al (1998) that found increasing fat content of ice cream caused an increase
(p<0.05) in the half-life of ice cream.

On the other hand, the consistency coefficient of the mix was found to
influence the melting rate by Muse and Hartel (2004). They found that the samples
that were high in solids and fat melted faster (p < 0.05) than did the samples that were
low in solids and fat. This was possibly due to the effect of dissolved solids on
freezing point depression. Similar findings were obtained by Li et al (1997).

El-Nagar et al (2002) and Akalin et al (2008) reported that addition of inulin
improved melting rate of ice cream, the 1% dripping time was also longer when
compared to the control (low-fat type ice cream). Moreover, the melting rate of ice
cream can be affected by many factors, including the amount of air incorporated, the
nature of ice crystals and the network of fat globule formed during freezing. Sakurai

et al (1996) and Sofjan and Hartel (2003) found that ice cream with low overrun
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melted quickly, whereas ice cream with high overrun began to melt slowly and had
good melting resistance. These results were similar to our finding that ice cream
containing higher inulin level had higher viscosity and was lower in overrun, resulting
in an increase in meltdown rate. The fat network also plays a significant role in the
melting rate of ice cream. An increase in fat destabilization level increases the fat
network which is shown to decrease the melting rate of ice cream to promote shape
retention. In our study, higher fat destabilization was also found in ice cream
containing higher inulin. In addition, Roland et al (1999) found that all products with
fat replacers (maltodextrin, milk protein concentrate, and polydextrose) melted faster
(p<0.05) than 10% fat ice cream.

6.4.5 Fat destabilization

Increasing inulin  concentration significantly increased (p<0.05) the
destabilization of fat (Table 5-4). This may be explained by the ability of inulin to
improve the stability of foams and emulsions in food system which gives emulsion
destabilizing power (Franck 2002). Chang and Hartel (2001) reported that fat
destabilization in ice cream is seen as partial coalescence of fat globules due to the
destabilizing effect (from emulsifier addition) during freezing condition. The extent of
fat destabilization in ice cream is controlled by the shear forces applied in the
particular process. Formulation factors have also been shown to influence extent of fat
destabilization.

6.4.6 Air cell size

Air (air cell size and overrun) in ice cream provides a light texture and
influences the physical properties of meltdown and hardness. Air cell size is related to
mouth feel, which enhances the sensory perception of smoothness (Granger et al
2005). There are numerous factors that influence development of air cell in ice cream
upon freezing. Furthermore, shearing force during mixing breaks larger bubbles into
smaller ones (Sofjan and Hartel 2003). In batch freezing of ice cream, development of
air cell is influenced by formulation factors (fat, emulsifier, and stabilizer) and
processing condition (whipping temperature and freezing power) (Chang and Hartel
2001).

The results in Table 5-4 indicate that air cell size of modified fat ice cream

with added inulin was significantly different (p<0.05) from the control. An increase in
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inulin concentration significantly decreased air cell size in each ice cream type,
resulting in improving the air cell size quality to close to the value for full-fat ice
cream. Inulin improves the stability of foams and emulsions in food system (Franck
2002), thus it prevents air cell growth. Moreover, the sample with more inulin had the
higher viscosity and thus, higher shear stress was required in breaking down the air
cell (Muse and Hartel 2004).

Chang and Hartel (2001) reported that the air cell size distribution of ice cream
was not influenced by fat content or formulation. Their results indicated that mean air
cell sizes of both regular and non-fat ice cream were not statistically different to 90%
confidence level or higher. They also suggested a strong correlation between mean air
cell size and viscosity of the slurry within the freezer, the maximum size should
decrease corresponding to the increase in shear stress (apparent viscosity) applied to
break down the bubble.

As a consequence, the apparent viscosity increased, which caused a reduction
in maximum air cell size due to the increased shear stress applied to disrupt the air
cells.

6.4.7 Texture (hardness)

In this study, modified fat ice cream with inulin was significantly different
(p<0.05) in hardness from the full-fat sample. Nevertheless, within each type of
modified fat ice cream containing different inulin concentration, hardness values were
not significantly different (p>0.05). An increase in hardness of samples with inulin
may due to the lower amount of fat content in the ice cream. Guinard et al (1997)
demonstrated that ice cream hardness was inversely related to fat and sugar content.
In addition, the ability of inulin to bind water and form a particle gel network can
enhance the hardness of the product (Franck 2002).

Akalin and Erisir (2008) and Niness (1999), reported that inulin increased the
firmness in probiotic ice cream (p<0.05) due to its long chain length and the ability to
form inulin microcrystals when sheared in water or milk. These crystals interact to
form a creamy texture. Akalin et al (2007) and Roland et al (1998), found the
hardness of reduced-fat and low-fat ice creams were observed to be considerably
higher than the regular fat control (p < 0.05). Therefore, a reverse relation between fat
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content and hardness was obtained in the products. These results followed the change
in composition towards a higher concentration of water.

Similar to our findings, Akalin et al (2007) reported that inulin increased
(p<0.05) the hardness in reduced-fat or low-fat ice cream, possibly related to a
decrease in freezing points as a result of higher solute concentrations. The addition of
5% inulin to low-fat ice cream (Aim et al 2001) or 5% modified starch to low-fat
yogurt-ice cream base (El-Nagar et al 2002) increased the hardness in comparison to
high fat control sample.

Muse and Hartel (2004) reported that the hardness in ice cream was also
influenced by the rheological properties of the mix. According to the authors, ice
cream mixes with high consistency coefficients were very viscous, and this viscosity
increased the hardness. This reason was supported by the study of Akalin et al (2007).
As apparent viscosity or consistency coefficients increased in the mix, the hardness
increased in reduced-fat or low-fat ice cream. However, low-fat mixes that showed
lower apparent viscosity or consistency coefficients were found to be harder than their
reduced-fat counterparts possibly because of the presence of ice crystals.

Roland et al (1999) found all products with fat replacers (maltodextrin, milk
protein concentrate, and polydextrose) significantly reduced the hardness of the
product when compared to the 0.1% fat ice cream (p<0.05). In addition Sofjan and

Hartel (2003) found that low overrun products were harder in texture.

6.5 Nutritional value

From the results that are shown in Table 5-5, all types of modified fat ice
cream contained lower amount of fat than the full-fat formula corresponding to their
formulation. The analytical values of fat content were slightly higher than expected.
This may due to the remaining fat in non fat dry milk. Whereas, the analytical values
of carbohydrate in modified fat ice cream were higher than full-fat formula. This may
due to the method of carbohydrate determination (calculation from 100 subtract by the
percent of moisture content, protein, ash and crude fat) which include inulin content in
carbohydrate content. The formulated ice creams could provide lower fat alternatives
to the consumers with a variety of choices ranging from low-fat (3 g per serving), light

(50% less fat than a regular product) and reduced-fat (25% less fat than a regular
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product). Although non-fat product provided the lowest fat content (0.5 g per
serving), it was not well accepted by the panelists in the sensory evaluation. Hence,

further improvement was still needed.

6.6 Storage test

6.6.1 Sensory evaluation

Figure 5-4 and 5-5 show the results of sensory evaluation during storage test
from the 1% week to the 7" week. Texture i.e. smoothness and hardness were
significantly affected (p<0.05) by the storage time. For hardness and smoothness, an
increase in the storage time significantly decreased (p<0.05) the sensory score. From
the comment ballots, the panelists reported that ice crystals were first detected in the
full-fat formula and non-fat formula with 5% inulin addition at the 5" week and in
other samples at the 7" week. Schaller-Povolny and Smith (1999) studied the sensory
attributes and storage life of reduced-fat ice cream replacing 50% and 100% of 42 DE
corn syrup with inulin. They found that storage time affected the ice cream samples in
terms of iciness. However, the sample with added inulin was found less icy than the
control (normal reduced-fat ice cream). The explanation was inulin may help inhibit
ice crystal growth during the first weeks of storage, but later become ineffective. This
may be because during storage under thermally abusive conditions, some of the solids
in the ice cream matrix were altered. This alteration may have caused a decrease in
the ability of inulin to hold water, leading to more free water available for ice crystal
growth.

6.6.2 Air cell size determination

Overall, there were no significant changes (p>0.05) in air cell size during
storage. However, in reduced-fat ice cream with 5 % inulin addition, the air cell size
significantly increased (p<0.05) related to the duration of storage time. Sofjan and
Hartel (2003) determined the air cell size during manufacture and early storage of ice
cream. They reported that the mean air cell size, in general, decreased (p<0.05) with
increased overrun. An increase in overrun promoted break-up of larger air cells into
smaller ones during freezing. This effect may have been related to increasing
viscosity of ice cream as more air was incorporated. Upon hardening, air cells in each

type of ice cream increased, with ice cream having a higher overrun showing the
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larger increase in mean air cell size. Upon storage, mean air cell size decreased in all
types of ice cream at the 4™ week, but after the 9™ week, the air cell size increased
once again.

6.6.3 Texture (hardness)

In this study, increasing storage time significantly increased the hardness value
of ice cream (p<0.05) (Figure 5-4). A similar result was found in the study of Akalin
and Erisir (2008). They reported that firmness was improved in all products by
extension of storage, but significant increases were not found (p > 0.05). Prindiville et
al (2000) carried out a study of milk fat in chocolate ice cream during storage. After
storage treatments, non-fat ice cream appeared significantly less smooth and had more
visible air bubbles than the other ice creams. After the heat-shock treatment, low-fat

ice cream also appeared significantly less smooth than did reduced-fat or full-fat.
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CHAPTER VII
CONCLUSION

The research was designed to develop non-fat, low-fat, light, and reduced-fat
ice cream products containing inulin as a fat replacer and to determine the physical
quality and consumer sensory acceptability of the products. The levels of inulin
addition used were 5, 7 and 9% (w/w). All types of ice cream formulation were
evaluated on sensory characteristics (n=50) for acceptability of appearance, flavor,
texture and overall acceptability using nine-point hedonic scales. Whereas the
suitability of taste, color and appearance, body and texture, and flavor were evaluated
using 5-point “just-about-right” scales. The ice creams also were evaluated for
physical quality including viscosity of ice cream mix using a digital viscometer, color
of finished ice cream using a colorimeter, texture or hardness using a texture analyzer,
melting rate, development of air cell size, overrun and extent of fat destabilization.
The ice cream with the best sensory scores in each type of ice cream was chosen to
determine the nutritional value and used in the storage test.

From the results, the application of inulin as a fat replacer in different types of
modified fat ice cream showed that inulin clearly affected the physical quality of each
type of ice cream. Increasing the inulin level in ice cream product significantly
increased (p<0.05) the viscosity of ice cream mix. The reason was mainly due to the
ability of inulin in binding water to form gel-like network. The changes in rheological
property of ice cream mix by inulin addition resulting in the changes in other physical
properties. The product with higher inulin content showed a higher viscosity, and also
higher meltdown rate and fat destabilization whereas the overrun value and air cell
size decreased. Some physical properties i.e. hardness and color, were mainly
influenced by the level of fat content. From the sensory evaluation, addition of inulin
to light (6% fat), low-fat (3% fat) and reduced-fat (9% fat) ice cream improved the
sensory characteristics of the samples with the rating of these ice creams resembling
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that of the full-fat sample. Changing of inulin concentration appeared not to affect the
sensory characteristics in this product. However, replacing all milk fat with inulin in
the non-fat (0.5%fat) ice cream significantly lowered the sensory scores when
compared to the full-fat sample, rendering it not quite acceptable to the consumers.

Different amount of inulin used in the formulation (5, 7 and 9%) did not
markedly affect the quality and acceptability of the finished products. Hence, for the
practical application, 5% inulin addition to replace fat at various levels to produce
low-fat, light and reduced-fat ice cream was acceptable. Non-fat formula, however,
requires further study to improve its quality and acceptability. Furthermore, the
quality and acceptability of all modified fat products as well as the full-fat ice cream
deteriorated with increasing storage time up to 2 months. Although the products, with
the exception of non-fat ice cream, were still rated between like slightly to like
moderately at the end of the storage period, some adjustment in the formulation and
process may still be needed to achieve a better result.

In conclusion, this study shows that development of modified fat ice cream
products was possible using inulin as a fat replacer. The level of inulin added could be
as low as 5% by weight in the low, light and reduced-fat ice cream. The products
were acceptable to the panelists in the sensory evaluation and could be stored far 7
weeks. These results could be used as a guideline in developing modified fat ice

cream products using inulin or other fat replacers.
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® Product Data Sheet
Frutafit™ HD

Deseription Nutritional information

Avernge values pec 100 grams Frutofit " HD:
- Carbohydrates:

Frutfi®HD is a native inulin / fructo-oligosaccharide
(FOS). I is a nowral powdered foad inpredient hased

on chicory inulin with 2 high purity. Due to ite - digestible (fetose, glucose, sucrose) 7 grams
physiological and technological ch istics, - non-digestible (dietary fibre, inubn) 90 grams
Frutafit®lID can be applied in & wide range of food - Protizing 0 gram
products, - Fars 0 gram
- Cholesteral abuent
[nulin from chicory is a polydisperse mixmre of lincar - Dietary libres (AQAC 997.08) 90 grams
fruetase polymers with mostly 2 terminal glucose unit, - Sodiun 40 mg
coupled by means of  B(2-1) bonds, - Calcium 11.5 mg
- Polassinm 7.3 mg
- Iron 0.4 mg
Specilication = Other minerals negligible
= Vitamins negligible
Physical aspects - Gluten absent
Dry malter content 435-04Y%;, - Lactose absent
- Folsle absent
Cumposition an dry matrer - Insecticides, pesticides absent
Toulin {(DP2-DP&0) 90-95%, - Enzymatic nctiviry absent
Fibre (AOAC 997.08) 90-95%, - Colour, Ravour, preservatives absent
Fruclose, ghicose, sucrose 5-10% . ) ;
Average chain length #12 monomers Calorific value 1.6 keal/gram’
Ash <0.2% Glycaemic Index (GI) valug 14
Heavy metals complies with legal requi
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Yeasts <20 CFU/gmm

Bacillus cercus <100 CFlU/gram -

Enterobacterincene absent in 1 gram Additional product characterisiics

Stephvlococcus aureus absenil in 1 gram

Salmonelia ubsent in 23 grams - Appearanes fine white powder
- Dispersakility zood
- Weliability good
-oH el
- Tasie neutral, slightly sweet
- Tapped density 550 & 100U pramtitre

These data are indicative and oy meaot o provide
additionsl information.
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Other information

Packaging
20 kg, white mulii layer poper bag with coloured PE
inner loer

Labeliing

tn the ingredient list inulin/fructo-oligosaccharide can
be declared as an ingredient, not an additive. The
product can be Iabelled as inulin, fructo-
oligosaccharide or palyfiuctosa. In the US, Frutafi®
inslin is officially recognised as GRAS.

Safery
GRAS status, FDA approved, notice no. GRN 060118

Storage
The product should be stored under drv conditions in
the original unopened bag.

Shelf fife

When stored in unopencd bags under dry conditions,
the product can be stored for at least § yewrs aftor
production date, Best before date is printed on each
individual bag.

GMO

For the production of this product, Sensus only uses
raw materials from conventionally cultivated chicory
varieties. Therefore mo labelling as a GMO derived
ingredient is needed for application of this product
according o the regulations EC (200118), BC
(1829/2003), EC(1830/2003).

Ablergens

Neither the raw material nor the process additives used
in the production of this product contain the following
allergens: gluten, componenis from milk, soy, nuts,
fruit, eges, meat or fish.

Kosher
Certified by circle K.

Halat
Certified by Halal Correct
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Analyses

Fructans  (inubin/frucio-oligosuceharides)  in food
praducts can be analysed by the following methods:
ACAC 997.08 (AACC 32-31) and AOAC 999.03
{AACC 32-32),

OUR TECHNTCAL SERVICE WILL SUPPORT YOU WITE THE
NECESSARY INFORMATION REGARDING THE OPTIMAL
PROCESS CONDITIONS AND MATERIAL FOR YOUR
SPECIFIC APPLICATION! FEEL FREE TO CALL US:

+31 163582 578
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APPENDIX B

Ice cream ingredients

Ingredients

Source

Heavy whipping cream (36% fat)

Friesland Foods Foremost, Thailand

Non-fat dry milk

Product of New Zealand

Sugar Mitr Phol, Mitr Phol Sugat Co., Ltd.,
Thailand

Stabilizer as carboxy-methylcellulose Food grade

(CMCQC)

emulsifier as glycerol monostearate Food grade

(GMS)
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APPENDIX C

Ice cream recipes (g/100g)

Formula | Whipping | Non- | Sugar | CMC | GMS | inulin | Water

cream fat dry

milk
Full-fat 34 10 11 0.15 0.2 - 44.65
Non+5 14 11.9 11 0.15 0.2 5) 75.35
Non+7 14 11.9 11 0.15 0.2 7 73.35
Non+9 1.4 11.9 11 0.15 0.2 9 71.35
Low+5 8.4 11.5 11 0.15 0.2 5) 63.75
Low+7 8.4 11.5 11 0.15 0.2 7 61.75
Low+9 8.4 11.5 11 0.15 0.2 9 59.75
Light+5 16.7 11 11 0.15 0.2 5) 55.95
Light+7 16.7 11 11 0.15 0.2 7 53.95
Light+9 16.7 11 11 0.15 0.2 9 51.95
Reduced+5 25 10.6 11 0.15 0.2 5) 48.05
Reduced+7 25 10.6 11 0.15 0.2 7 46.05
Reduced+9 25 10.6 11 0.15 0.2 9 44.05
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APPENDIX E

Determination of nutritional value method (AOAC 2000)

1 Moisture by oven drying for 2 h at 135°C (AOAC 930.15)
Procedure:
1. Dry aluminum dish with cover at 135° C £2°C for at least 2 h.

2.
3.

Cover dishes and move to desiccator.

Immediately cover desiccator and allow covered dishes to cool to room
temperature. Do not allow dishes to remain in desiccator more than 2 to 3 h.
Weigh dishes with cover (W4) to nearest 0.1 mg, removing one at a time from
desiccator and keeping desiccator closed between dish removals.

Add approximately 2 g sample to each dish. Record weight of dish with cover
and sample (W5) to nearest 0.1 mg.

Shake dish gently to uniformly distribute the sample and expose the maximum
area for drying.

Insert samples with lids removed to the side into preheated oven at 135°C and
dry for 2 h after oven has returned to temperature.

Move samples to desiccator, place cover on each dish, seal desiccator and
allow to cool to room temperature. Do not allow samples to remain in
desiccator for more than 2 to 3 h.

Weigh dish with cover and dried sample (W6), recording weight to nearest 0.1

mg.

Calculation: Percent total dry matter (total DM)

% Total DM = (W6-W4 / W5-W4) x 100

% Total moisture = 100 -% Total DM
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2

Protein by Kjeldhal method (AOAC 984.13)

Procedure:

Digestion

1.

Weigh approximately 1 g ground sample into digestion flask, recording weight
(W) to nearest 0.1 mg. Include reagent blank and high purity lysine HCI as
check of correctness of digestion parameters. Weigh a second subsample for
laboratory dry matter determination.

Add 15 g potassium sulfate, 0.04 g anhydrous copper sulfate, 0.5t0 1.0 ¢
alundum granules, or add 16.7 g K,SO4, 0.01 g anhydrous copper sulfate, 0.6 ¢
TiO, and 0.3 g pumice. Then add 20 mL sulfuric acid. (Add additional 1.0 mL
sulfuric acid for each 0.1 g fat or 0.2 g other organic matter if sample weight is
greater than 1 g.)

Place flask on preheated burner (adjusted to bring 250 mL water at 25°C to
rolling boil in 5 min).

Heat until white fumes clear bulb of flask, swirl gently, and continue heating
for 90 min for copper catalyst or 40 min for CuSO4/TiO2 mixed catalyst.
Cool, cautiously add 250 mL distilled water and cool to room temperature (less
than 25°C). Note: If bumping occurs during distillation, volume of water may

be increased to ca. 275 mL.

Distillation

1.

3.
4.

Prepare titration flask by adding appropriate volume (VHCI) accurately
measured acid standard solution to amount of water so that condenser tip is
immersed (try 15 mL acid and 70 mL water if undecided). For reagent blank,
pipet 1 mL of acid and add approximately 85 mL water. Add 3 to 4 drops
methyl red indicator solution.

Add 2 to 3 drops of tributyl citrate or other antifoam agent to digestion flask to
reduce foaming.

Add another 0.5 to 1.0 g alundum granules.

Slowly down side of flask, add sufficient 45% sodium hydroxide solution
(approximately 80 mL) to make mixture strongly alkali. (Do not mix until after

flask is connected to distillation apparatus or ammonia will be lost.)
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5. Immediately connect flask to distillation apparatus and distill at about 7.5 boil
rate (temperature set to bring 250 mL water at 25°C to boil in 7.5 min) until at
least 150 mL distillate is collected in titrating flask.

6. Remove digestion flask and titrating flask from unit, rinsing the condenser tube
with distilled water as the flask is being removed.

Titration

1. Titrate excess acid with standard sodium hydroxide solution to orange endpoint

(color change from red to orange to yellow) and record volume to nearest 0.01
mL (VNaOH). Titrate the reagent blank (B) similarly.

Calculation: Percent Nitrogen (N)
%N (DM basis) =[(VHCI x NHCI) - (VBK x NNaOH) -(VNaOH x NNaOH)]

1.4007 X W X Lab DM/100
Where VNaOH = mL standard NaOH needed to titrate sample
VHCI = mL standard HCI pipetted into titrating flask for sample
NNaOH = Normality of NaOH
NHCI = Normality of HCI
VBK = mL standard NaOH needed to titrate 1 mL standard HCI minus B
B = mL standard NaOH needed to titrate reagent blank carried through method
and distilled into 1 mL standard HCI
1.4007 = milliequivalent weight of nitrogen x 100

W = sample weight in grams

Calculation: Percent Crude Protein (CP)
CP (DM basis)= % N (DM basis) X F

F = 6.25 for all forages and feeds except wheat grains

F = 5.70 for wheat grains

3 Fat by acid digestion before continuous extracting using petroleum ether in
Soxhlet system (Tecator, Sweden) (AOAC 920.85)

Procedure: Sample drying

1. Weigh 1.5 to 2 g of ground sample into a thimble recording the weight to

nearest 0.1 mg (W1). Weigh a second subsample for dry matter determination.
-0Or -
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1A) If the sample contains large amounts of carbohydrates, urea, glycerol,
lactic acid or water-soluble components, weigh 2 g sample to nearest 0.1 mg
(W1) into a small filter cone. Extract with five 20 mL portions of deionized
water allowing each portion to drain, then insert the paper and sample into
thimble.

Dry for 5 hr at 100°C.

Dry beakers to be used for fat determination for at least 1 hr at 100°C. Cool the
appropriate number of fat beakers in a desiccator. Weigh and record the weight
to the nearest 0.1 mg (W2).

When the drying period is over, remove the samples from the oven to a
desiccator. (This is a convenient stopping point. The samples should be stored

in a desiccator if not immediately extracted.)

Extraction

1.

Line the fat beakers up in front of the extractor and match the thimbles with
their corresponding fat beakers.

Slip the thimble into a thimble holder and clip the holder into position on the
extractor.

Add about 40 mL of diethyl ether (one glass reclaiming tube full) to each fat
beaker.

Wearing white gloves, slip the beaker into the ring clamp and tightly clamp the
beaker onto the extractor. If the clamp is too loose, insert another gasket inside
the ring.

Raise the heaters into position. Leave about a 1/4 inch gap between the beaker
and the heating element.

Turn on the heater switch, the main power switch, and the condenser water.
After the ether has begun to boil, check for ether leakage. This can be detected
by sniffing around the ring clamp. If there is leakage, check the tightness of the
clamp and if necessary replace the gasket(s).

Extract for minimum of 4 h on a Hi setting (condensation rate of 5 to 6 drops
per second), or for 16 h on a Low setting (condensation rate of 2 to 3 drops per

sec).
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9.

After extraction, lower the heaters, shut off the power and water, and allow the
ether to drain out of the thimbles (about 30 min). This is a good stopping point.

Ether Distillation and Weighing of Fat Residue

1.

10.

Remove the thimble from the holder, and rinse the holder with a small portion
of diethyl ether from the washbottle. Clip an ether reclaiming tube in place and
reattach the fat beaker.

Reposition the heaters and turn on the electricity and water. Proceed to distill
the ether using a Hi setting. Watch Closely.

Distill until a thin layer of ether remains in the bottom of the beaker, and then
lower the heater. Do not allow beakers to boil dry. Overheating will oxidize the
fat. When the last beaker has finished, shut off the power and water.

Wipe the exterior of the beaker clean with a Kimwipe as it is being removed
from the extractor.

Empty the reclaiming tubes into the "USED" diethyl ether container.

Place the tray of beakers in an operating hood to finish evaporating the ether. If
there is no hurry, air moving through the hood will be sufficient without heat.
A steambath may be used to speed up the evaporation. Beakers should remain
in the hood until all traces of ether are gone. Carefully sniff each beaker to
determine if any ether remains.

Place the beakers in a 102°C gravity convection oven. Warning: If a beaker
containing ether is placed in the oven an explosion may occur.

Dry for 1/2 h. No longer. Excessive drying may oxidize the fat and give high
results.

Cool in a desiccator and weigh and record weight to the nearest 0.1 mg (W2).
The fat beakers are best cleaned by warming on a steambath or on a hot plate
on a low setting. Add some used ether to dissolve the fat. The use of a rubber
policeman is helpful. After soaking the beakers in Alconox detergent, wash
them using hot water and vigorous brushing. The thimbles are best cleaned by

blowing out with air.

Calculations: Percent Crude Fat (Ether Extract), DM basis
% Crude Fat (DM basis) = (W3 -W2) X 100/ W1 X Lab DM / 100

W1 = initial sample weight in grams
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e W2 = tare weight of beaker in grams
e W3 = weight of beaker and fat residue in grams

4. Ash by dry ashing method (AOAC 942.05)

Procedure:

1. Remove crucibles with cover which have been dried for at least 2 hr at 100°C
from oven, to desiccator. Cool, and record weight of crucibles with cover to the
nearest 0.1 mg (W1).

2. Weigh 1.5 to 2.0 g of sample into the crucible, recording weight of crucible
with cover and sample to the nearest 0.1 mg (W2).

3. Ash in furnace at 600°C for 2 hr after the furnace reaches temperature.

4. Allow crucibles to cool in furnace to less than 200°C and place crucibles with
cover in desiccator with vented top. Cool and weigh crucible with cover and
ash to the nearest 0.1 mg (W3).

Calculation: Percent Ash, DM basis

% ASH (DM basis) = (W3 - W1)X 100/ (W2 - W1) X Lab DM/100

e W1 = tare weight of crucible in grams

e W2 = weight of crucible and sample in grams

o W3 = weight of crucible and ash in grams

5. Carbohydrate by calculation
Using the follow equation
Carbohudrate = 100 — (percent of moisture content +protein +ash + crude fat)

6. Energy by calculation
Using the factor of 4, 4 and 9 for carbohydrate, pratein and fat, respectively.
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APPENDIX F

Sensory properties of modified fat ice cream with 5% inulin addition and full-fat
ice cream during 7 weeks of storage
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