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ABSTRACT 

Modified starch was used as a fat replacer in light, low fat and fat fiee vanilla ice creams. 

The texture of ice creams were compared by trained panelists against regdar fat ice 

cream. Sarnples having the same targeted composition prepared drrring separate process 

trials were observed durhg prepmtion to be different. From triai 1, al1 samples were 

determined to be similar for the attributes of coldness and h e s s  with differences 

found for viscosity, smoothness and mouth coating. From trial 2, ail samples were similar 

for coldness and viscosity aithough differences were detefmined between samples for 

firmness, smoothness and mouth coating. Strong relationships (R2M.87) resulted 

between the attributes of srnoothness and b e s s  and the level of fat in ice cream. 

Instrument. measurements showed the light ice cream of both trials to be the highest in 

viscosity and consistency whereas fat fiee ice creams showed the highest values for flow 

behavior. Only in trial 1 did the sensory results for viscosity, smoothness and mouth 

coating, relate strongly (R2N.90) to instrumental measurements for flow behavior and 

firmness. The regular fat ice cream mixes demomtrated the highest average steady-state 

continuous freezing tempemture (452°C) whereas al1 other samples showed sirnilar 

temperatures Differences in continuous fieezing flow rates were noticed between al1 

samples with fat fiee ice creams showing the slowest rates of 79.7 and 80.0 kghour for 

trials 1 and 2 respectively. Results fiom the analysis of ice cream hardening and m e l ~ g  

were observed to be highly af5ected by the type of package and experimental conditions. 

Based on both sensory and instrumental results, it is clear that the presence of modified 

starch in light ice cream can mimic many of the properîies of regdar fat ice cream in 

ternis of texture and fkeezing properties. 
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1 INTRODUCTION 

Commercial ice cream processors are currently developing new products which 

may carry the labels 'Reduced fat', 'Light', 'Low fat' and 'Fat fiee'. Movement towards 

such products has been a result of public concem over the increased risk of coronary 

hem disease attributed to total fat, saturated fat, and cholesterol Ievels in the diet, On 

Sept. 16/94, FDA released the following definitions on new product lines (International 

Dairy Food Assoc., 1994): (1) Reduced Fat ice cream will be 25% or lower in fat, or 

contain a maximum of 7.5% mi& fat, (2) Light ice cream will be 50% or lower in fat, or 

contain a maximum of 5% m i k  fat, (3) Low fat ice cream mkt  contain not more than 3 

gmms of total fat per half cup seMng and (4) Fat free ice cream rnust contain not more 

than 0.5 gram of total fat per half cup serving. Table 1.1 lists the relative proportions of 

these products and other fiozen dairy products in the market. While regular fat ice cream 

is still the predominant product the reduced and fat free ice creams make up 

approximately 15% of this market. 



Table 1.1 1997 galion share of frozen dairy market by product type. 

Product Type Gallon Share (%) 

Nonfat ice cream 4.2 

Reduced, Iight & low fat ice cream 10-4 

Regular fat ice cream 73 -2 

Frozen yogurt 7.5 

Sherbet 3.5 

Sorbet 0.6 

other 0.6 
Adapted fiom Markgraf, 1997 

Overall, consumption of ice cream is on the rise as a global increase of 17% has occurred 

fiom 1993 to 1997 (Markgraf, 1997). Markgraf (1 997), aiso stated that althou& the 

volume of United States ice cream exported to C m &  increased 21% fiom 1995 to 

1996, the overail dollar value remained low at 3.9 million. 

Fat mimetic is a t em used interchangeably with the terms protein-based fat 

repiacer or carbohydrate-based fat replacer and has been defined by Akoh (1998) as 

"...substances that imitate organoleptic or physical properties of triglycerides but which 

c m  not replace fat on a one-to-one basis". Table 1.2 lists the three categories of fat 

replacers and their generai functions. This curent study is concemed with the 

functionaiity of a carbohydrate based fat replacer and the many types of carbohydrate- 

based fat mimetics available to food technologists are listed in Table 1.3. 



Table 1.2: Functions of fat replacen in dairy products. 

Type of Fat Replacer 
- 

General Functions 
- -- -- - - 

lipid based - provide flavour, body, mouth feel, and texture 
- stabilize, increase o v e m  

carbohydrate based - increase viscosity, thicken, aid gelling, stabilize 

protein based - stabilize, emulsify 

Adapted fiom Akoh, 1998 

Table 1.3 : Types of carbohydrate-based fat mimetics. 

starches 

celluloses 

- guar, xanthan, Iocust bean, carrageenan, gum arabic, 
and pectin 

- high amylose corn, waxy maize, wheat, potato, 
tapioca, rice, waxy rice and nurnerous modified 
versions 

- microcrystalline, powdered, and numerous c hernically 
rnodified versions 

maltodextrins - corn, potato, oats, rice, wheat, and tapioca 

po 1 ydextro se 

Oatrim ' 

- a randomly bonded polymer of glucose, sorbitol, and 
citric or phosphoric acid 

- partial enzymatic hydrolysis of the starchy hull or bran 
portions of whole oat and or corn flou with 5% 
p-giucan 

- insoluble fibre from the hi&-cellulose portion of hulls 
f?om oats, soybeans, peas, rice, or bran corn 
corn or wheat 

Adapted nom Akoh, 1998 

1 Oatrim, developed and patented by the US. Dept of Agriculture (USDA) 
2 2-Trim, developed by the USDA and is patent pending 



Ln the North Arnerican diet, there is a trend towards increased consumption of 

reduced fat products and while this trend has resulted in a decline in fat intake, fat 

consumption remains above recommended levels (Frazao, 1996). As a result there has 

been and will continue to be a demand for reduced fat products. One area where this 

potential exists is the production of fat reduced ice cream. 

Supemarket sales in the United States of reduced fat (z 7.5 % milk fat), light ( s  

5.0 milk fat) and low fat (s3 gm for a 1 12 gm serving) ice crearn increased by 8.2% 

fiom 1994 to 1995. Also, during the sarne time period sales of non-fat ice cream 

increased by 66.6% (International Dairy Food Assoc., 1996). In 1997 total ice crearn 

sales in the United States increased by 7.5% with regular fat ice crearn accounting for 

67.8% of the increase (Mark@, 1997). While there was a 9% increase in the sales of 

light ice cream in 1997, sales of both low fat and fat free have declined (Markgraf, 

1997). It has been suggested that improvements in product formulations for lower fat ice 

creams are required to deliver the level of quality expected by consumers (Keehner, 

1996). This is particularly true for ice cream products contaihg less than 3 % milk fat. 

The objectives of this project were to (1) develop light, low fat, and fat free 

vanilla ice cream products using a modified starch as the essential ingredient while 

applying commercial-like process conditions, (2) to develop a sensory testing protocol 

including a ballot to focus on the textural attributes of the developed ice cream products 

and (3) to evaluate the textural properties of these products using a trained sensory panel 

and thenno-physical measurements. The information from this research will contribute 

to our understanding of the structures and texture associated with vanilla ice cream when 



a modified starch is used for fat replacement in products of reduced fat content. 

2 LITERATURE REVIEW 

2.1 Recent History of Ice Cream-Related Studies 

One of the goals in mod-g ice cream formulations is to produce a product 

with a desirable texture and the enhancement of texture will only occur through 

improvements in the product's physical structure (Stanley et al., 1996). The structure of 

ice cream has been identified as a three component foam made up of a network of fat 

globules and ice crystals dispersed in a hi& viscosity aqueous phase (Prentice, 1992; 

Dickinson, 1992). In specific, Prentice (1992), described the foam structure of ice cream 

as a highly concentrated symp continuous phase consisting of a suspension of aggregates 

of damaged fat globules partially coated with plastic fat and ice crystals. Ais0 in 

reference to ice cream structure, Gof'fet al (1995), stated that low fat products provide a 

specid challenge to the creation of a stable foam-This challenge is related to the fact that 

the fat globule network would either be disnipted or absent and this could seriously 

impact the texture of the product. Overall, in order to meet this challenge, researchea 

must focus on the two structural components other than the fat globule network, ice 

crystals and the highly viscous aqueous phase. 

Two ingredient factors which affect ice cream texture are stabilizen and 

emulsifiers. In work with full fat ice cream, it has been shown that stabilizers promote 

viscosity development in the aqueous phase (Jimenez-Flores et al., 1993) and affect ice 
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crystal growth (Stanley et al., 1996). Modified starches could have a similar effect on the 

viscous liquid phase and could thereby improve the texture of reduced fat ice creams. 

Emulsifiers are added to ice cream to enhance whipping, improve resistance to 

meltdown, increase dryness and stifiess, and enhance product unifonnity (Arbuckle, 

1986; Goff and Jordan, 1989). These same fimctions as well as the ability to reduce ice 

crystal size have also been demonstrated for low fat products (Baer et ai., 1997). While 

mono- and di- glycerides have ofien been used for this purpose the potential for the milk 

protein alone to serve this h c t i o n  has also been demonstrated (Segall and Goff, 1998). 

Most of the literature on ice cream texture has focusied on ice cream with fat 

levels of 10% or higher (Wittinger and Smith, 1986; Goff et al., 1995a; Guinard et al., 

1997). Investigations into ice creams with reduced fat content have been less fiequent. In 

some instances, the fat level was reduced by simply working with milk or creams with a 

reduced level of fat (Stampanoni Keoferli et al., 1996; Baer et al., 1997). Sorne work has 

been done on the use of carbohydrate based fat replacers in the preparation of ice cream 

having reduced fat levels (Schmidt et ai., 1993; Specter and Setser, 1994; Li et al., 1997). 

Ice mik products - ice cream having a minimum of 5% milk fat - have also been 

prepared using protein based fat replacen (Schmidt et al., 1993) and a recent study 

compared fat free ice creams prepared using various whey protein based fat replacers 

(Ohmes et al., 1998). 

With respect to the carbohydrate based fat replacers, Li et al. (1997) 

demonstrated (Table 2.1) that the levels of fat in vanilla ice cream impacts important 

physical properties such as apparent viscosity and melting rate. Their findings indicated a 
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relationship between fat content and apparent viscosity. As fat content was decreased in 

formulations so did the apparent viscosity and a similar same relationship was noted 

between fat content and melting rate. 

Table 2.1 : Various physical and chernical properties for regdar fat vanilla ice cream, 
and vanilla ice cream with lower fat levels containing Litesse? 

Fat ~ i t e s s b '  Content Total Solids Apparent Viscosity Melting 
Content (%) (%) P a  s) Rate 

(%) (%/min.) 

-- - -  

means within a column with no common superscript letter differ (P < 0.05) 

Adapted from Li et al., 1997 
I Litesse@, a polydextrose fat substitute fiom Pfîzer hc., New York, NY. 

Specter and Setser (1994), noticed a sirnilar relationship between fat content and 

viscosity. Table 2.2 illustrates that as the levels of fat decreased so did the mix 

viscosities. However, the degree of decrease in viscosity appeared to be dependent on the 

type of carbohydrate-based fat replacer used. 



Table 2.2: Mix viscosities and deformation forces for ice cream containing variable 
levels of miIk fat and carbohydrate-based fat replacers. 

- 

Milk fat N-0i10 gel1 PaselLi SA2 gel2 Mix viscosity' Force of 
(%) (%) (%> (centipoise) de formation4 

(kg) 

12 O O 66.7 30.7 

Adapted From Specter and Setser (1994) 

1 N-Oil@: a gel prepared fiom tapioca dextrin (National Starch, Bridgewater, NJ) 
2 Paselli SA2 a gel prepared fkom potato maltodextrin (Avebe Inc., Hopelawn, NJ) 
3 viscosity testing occurred at 4 +/- 1°C using a BrooWield viscorneter 
4 indentation testing occurred at between -1 5°C and -12°C using an Universal 

Instron Testing Machine with a plunger attachent 

2.1.1 Continuous freezing 

In addition to the crystallization of approximately 48% of the available water in 

the ice cream mix, continuous fieezing also establishes the nuclei essential for continued 

crystal growth during the hardehg  and storage of ice cream prochu et al., 1985).The 

residence time of ice cream mix within continuous freezing barrels, and neezing rates, 

can Vary from 0.4 to 2 minutes and from 5 to 27"C/minutes, respectively (Berger, 1990). 

The variation in the rate of crystallization that occurs during continuous fieezing will be 
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affected by two main factors (1) the temperature ciifference between the freezing medium 

and the ice cream mix, and (2) the heat transfer characteristics of both the ice crearn mix 

and the equipment used (Goff and Sahagian, 1996). M e r  the continuous fieezing 

process, ody a portion of the total water in ice cream mix is fiozen. Bradley (1984), 

generated equilibrium fieezing curves to demonstrate that at a drawing temperature 

(4.2.2) of -5"C, approximately haif of the water remains d o z e n  but it has also been 

demonstrated that due to a large portion of undercooled water, ice crearn is not at 

equilibrium (Caldwell et al., 1992). 

2.1.2 Hardening 

The hardening process is defined as the conditions necessary to lower the 

geometric centre product temperature of ice cream to a minimum of -1 8'C (Arbuckle, 

1986). The hardening process must rapidly cqstallize a porîion of the d o z e n  water and 

therefore reduce the slow growth of large ice crystals during frozen storage. 

In Table 2.3, Arbuckle (1986) outlines the important factors that affect hardening 

time. It shouid be noted that the factors affecthg hardening tune will also affect ice 

crystal size and product storage stability. Two hardening systerns used commercially 

include air blast freezing tunnels operating at temperatures of -35°C and air velocities of 

greater than 5 m/s, and automatic plate fi-eezers (Evenngton, 199 1). 
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Table 2.3: Factors affecting the hardening time for ice cream. 

Factor 
- - -- 

size and shape of container 

air circulation 

air temperature 

section of hardening room 

ice cream temperature at drawing 

mix composition 

percentage o v e m  

Adapted fiom Arbuckle (1986) 

The dtimate ice crystal size is largely dependent on the size of ice crystals 

formed during continuous fieezing as well as the time required for hardening 

(Everington, 199 1). Ice crystal size in ice cream is kept to a minimum if only small 

crystals are forxned during fieezing and hardening time is short. Marshall and Arbuckle 

(1996), listed ice creams having an average ice crystal size of 56 pm, as being slightiy 

coarse and ice creams with average ice crystals sizes of 39 pm and 32 Fm, as being 

smooth and very srnooth respectively. Thus, freezing processes which yield ice creams 

with average ice crystal sizes of 40 pm or smaller, should also yield ice creams smooth in 

texture. 

By measuring the temperature of ice cream during hardening Everington (199 1) 

demonstrated that the drawing temperature during ice cream production has a significant 

infiuence on the time and temperatures encountered during hardening (Figure 2.1). Ice 
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cream produced at a drawing ternperature of  -8.g°C reaches the final temperature much 

sooner than ice cream at a drawing ternperature of -5°C and is at lower temperatures 

during the entire fkeezing process. As a result ice crystal size will be smaller in the ice 

cream with a -8.g°C drawing ternperature. 

Figure 2.1 Freezing tirne required for hardening regular fat ice cream packaged in 4 
liter containers passed rhrough a spiral air blast freezing tunnel. (Adapted 
fiom Everington, 199 1) 

O 20 40 60 80 100 120 140 160 180 
Hardening Time (min.) 
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This work clearly demonstrated the importance of drawing temperature in determining 

ice crystal size in regular fat ice cream. In fact, it has been reported that for every 1°C 

increase in drawing temperature the hardening time requirement will increase from 10 to 

15% (Arbuckie, 1986). Arbuckle (1986) also stated that as fat content decreases 

hardening tirne will decrease slightly and as the level of ovemm in ice cream increases, 

hardening time is expected to increase slightly. 

Figure 2.2 Rate of convection hardening for ice cream packaged in hdf  gallon 
containers in one commercial plant. (Adapted f?om Jimenez-Flores et al., 
1993) 

O 1 2 3 4 5 6 7 
Time (hours) 

+ single l/z gallon --x-- stack of % gallons 
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Hardening processes ofien Vary in tems of the equipment and conditions used. 

Equiprnent choices can include continuous spiral air blast freezers or much larger bdk 

hardening chambers similar to the commercial scale hardening conditions cited by 

Jimenez-Flores et al. (1993). In commercial size bulk hardening rooms the stacking of 

ice crearn is an important factor and Jimenez-Flores et al. (1993) illustrated the 

difference in hardening rates for single vs stacked '/t gallon containers of ice cream 

(Figure 2.2). Clearly, the conditions during both production and hardening of ice cream 

products must be examined if the impact of changes in formulations are to be evaluated. 

3 SENSORY AND INSTRUMENTAL TEXTURE ANALYSIS 

3.1 Introduction 

The success of any new or modified product wiIl depend on consumer 

acceptance. In terms of the acceptability of ice cream products the textural properties 

play a significant role (Arbuckie, 1986; Stanley et al., 1996). There is a wide range of 

methods for examuiing texhval properties although the use ofa sensory panel is perhaps 

the only way of detedning the quality of ice crearn texture and has been extensively 

used in the past (Stone et al., 1974; Moore and Shoemaker, 1981; Specter and Setser, 

1994; Baer et al., 1997; Li et al., 1997). In the current investigation a sensory panel has 

been used to evaluate the texturd properties of ice creams whose fat level has been 

reduced through the use of modified pea starch. In addition, instrumental measurements 

of the firmness of the hardened ice cream and viscosity of melted ice crearn have been 

taken to support the sensory work- 



3.2 Materials and Methods 

3.2.1 Manufacture of Ice Cream 

Ice cream mixes were blended using the ingredients and proportions listed in 

Table 3.1. For each vanilla ice cream sample, a 150 kg batch of ice cream rnix was 

prepared. Two separate batches of each treatment sarnple ice cream mix were prepared 

as indicated by the codes listed in Table 3.2. Full fat crearn (Rockwood A@-Business, 

Stony Momtain, MB, Canada) was used for the regular fat ice cream. The average 

composition of the cream used was 41.75% fat and 48.14% total solids. A modified 

starch fat replacer (Nickel and Berger, 1997, US Patent 5,703,226) supplied by 

Woodstone Technologies (Winnipeg, MB, Canada), was used to replace part of the 

cream used for regular fat ice cream in the light, low fat, and fat free treatment samples. 

Ingredients were added to a 500 L mWng tank for preparation of regular fat ice 

cream mix in the following order: water, cream, skim milk powder, corn symp solids 

(CSS), granular sugar, and stabilizer-emulsifier ( S E ) .  Ingredient addition for fat reduced 

ice cream mixes followed the same order, with one exception; the addition of modified 

starch occurred in the place of cream for fat free. For light and Iow fat ice cream mixes, 

only portions of the milk fat was removed through reductions in cream. Pnor to 

commencement of this thesis research, approximately three months of pilot plant 

formulation trials were required to detemine the tevels of modified starch (Table 3.1) to 

use in the light, low fat and fat free ice creams. 



Table 3.1 Formulations of vanilla' ice cream treatment samples for texture 

-- - - - 

Product Fat Sugar CSS2 . S E 3  Modified NFDMS T. S6 
(%) (%) (%) (%) Starch4 (%) (w 

(%) 

Regular 10 14.75 7.72 0.3 O 11 3 8.98 
fat 

Low fat 2.53 14.75 7.72 0.3 5.19 11 34.94 

Fatfiee 0.42 14.75 7.72 0.3 5.36 11 32.83 

'Vanilla.,Foremost Vanilla Blend #30 (David Michael & Co., Inc., Philadelphia, PA, 
US.) 

'CSs;com syrup solids, Dn-Sweet@ 42 (HTG Inc., Keokuk, Iowa, US.). 

'S/E;comrnercial stabilizeremulsifier blend, Party Prid& (Safeway Stores Inc., Myrtle 
Point, Oregon, U.S.). 
4Modified Starch; pea starch acetylated according to commercial standards (Woodstone 
Foods, Winnipeg, MB, Canada). 
'NFD~,non-fat dried milk solids, low-heat skim milk powder (Beatrice Foods, 
StClaude, MB, Canada). 
6T.S;total solids content of product (the rernaining content is water). 

The modified starch used as the fat replacer was a chemically substituted and 

stabilized starch. With acetic anhydride used as the reagent, acetyl groups are randomly 

attached to the starch polymers, amylose and amylopectin. The starch was modified to a 

degree of substitution of 0.09 acetyl groups per glucose monorner. This chemical 

substitution restricts the reassociating of the starch polymers. In the absence of chemical 

substitution, the hydrated starch polyrners would reassociate or re-crystallize resulting in 

the release of moisture. The release of hydration moisture woufd then be available to 



contribute to texture defects during the storage of ice cream. Defects such as coarseness 

and chdkiness. 

Table 3.2 Guidehe for al1 product codes. 

Product Code Product Descri~tion 

FFS I 

LFS 1 

LFS2 

Fat fiee, sensoy process trial 1 

Fat fkee, sensory process trial 2 

Low Fat, sensory process trial 1 

Low Fat, sensory process trial 2 

LS 1 Light, sensory process trial 1 

LS2 

RFS 1 

Light, sensory process tria1 2 

Regdar fat sensory process trial 1 

RFS2 Regular fat sensory process trial 2 

The skim milk powder and CSS were added to the water-cream liquid via a 

funne1 positioned in-line between the mWng tank (500 L) and a centrifuga1 p w p  

(Crepaco, Toronto, ON, Canada) operating at 1700 rpm. The centrifuga1 pump dispersed 

the powders into the liquid and cycled the liquid back into the mixing tank. During 

cycling of the mix, the rnixing tank agitator operated continuously at medium speed. 

Pnor to the in-line addition of skim milk powder, CSS, and sugar, approxirnately 12 kg 

of the water-cream liquid was collected fkom the mixing tank into a separate pail and 

used to hydrate the S/E. 



17 

For the addition of S E  to ice cream mix, modified conditions for S E  handling 

were used to improve the functionaiity of the type of S E  available. The S E  powder was 

dry blended with one quarter of the total sugar used in each m k  Dry blending grandar 

sugar with stabilizers and emulsifiers is a common practice used by ice cream 

manufacturen. However, during this project the sugar-SE dry blend was hydrated 

separateIy firom the other ingredients by stirring into the 12 kg of water-crearn liquid 

This slurry was then heated to 82°C using a small s t e m  kettle. 

While the sugar-SE slurry was heating, the other ingredient. were blended Once 

the sugar-SE slurry had reached 82"C, it was imrnediately added to the mking tank. The 

pumgcycling systern was shut off and the mix temperature was increased to between 

30°C and 32OC, while keeping the mix tank agitator at medium speed These 

temperatures and agitation were maintained for 30 minutes. The rnixing conditions of 

30°C for 30 minutes were similar to the blending conditions suggested by Goff et 

a1.(1994) and are commonly used in commercial processes. 

M e r  rnixing, ice crearn mix was transferred to a small holding tank and then 

pumped through a high temperature short time W S T )  processing system (UV, model 

serial no. 696-885, Toronto, ON, Canada). Pnor to homogenization, the mix passed 

through a regeneration section of the HTST system where rnix temperature increased 

fiom between 30°C and 32"C, to an average temperature of 54.S°C. Homogenization 

pressures for al1 ice cream mixes were set at 17,237 kPa total pressure - 13,790 kPa 1st 

stage and 3,447 kPa 2nd stage - using a 15 hp, three piston, Gaulin homogenizer (model 
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M3, serial no. 11694527, Gaulin Corp., Everett, Mass., U.S.). M e r  homogenization, but 

pnor to reaching the holding tubes, ice cream mix passed through the heating section 

where rnix temperatures increased to 82°C. rinmediately following the heating section, 

ice cream mix ff owed through holding tubes having an estimated residence time of 28 

seconds. Following the holding tubes, ice cream flowed through the cooling section of 

the heat exchanger and depending on the type ofmbc, mix temperatures decreased to 

between 1 8°C and 10°C. 

Ice cream mix was collected in three 35 L stainless steel milk cans. The cans 

were placed into a walk-in cooler and held overnight at a temperature between 2°C and 

4°C. Prior to continuous fieezing, al1 ice cream mixes were flavoured with vanilla (David 

Michael & Co., Philadelphia, PA, U.S.) at 1 -5 M g  m k  Al1 ice cream mixes were 

fiozen to a target overrun of 100% using a 1954 Star Vogt Instant continuous ice cream 

freezer (320 yhr., serial no. 4460, APV Crepaco, Toronto, ON, Canada). Overrun is the 

t e m  used to describe the volume increase for ice cream that occurs during continuous 

fieezing. Air was incorporated into the mixes by the vacuum generated fiom the 

continuous fieezer mix pump as opposed to the forced injection of compressed air which 

is comrnon for more modem fkeezing equipment. The continuous freezer operating 

conditions of rotor speed and back pressure were held constant for a11 mixes. Rotor speed 

was set at 50% of maximum speed and back pressure was set at 10%. Air intake was 

targeted to produce 100% overrun. Ice crearn was hardened and stored at temperatures of 

-28°C to -32°C. The bulk of semi-fiozen ice cream leaving the continuous freezer was 
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packaged into 2 L cardboard boxes. Ice cream for sensory panels was filled into 175 g 

plastic containers. The 175 g containen were filled at approximately two-thirds of the 

way through the continuous fieezing process for each batch. In other words, afier 

approximately 125 Kg of ice cream was packaged into 2 L boxes and two 10 L plastic 

cylinders, the 175 g containers were fille& Prior to conducting sensory training sessions 

and formal panels, al1 samples were held in storage at an average temperature of -30°C 

for a minimum of four months. 

3.2.2 Ballot Development, Paneîlist Training and Formal Panels 

The ballot development involved numerous "expert" panels. The panels were 

conducted at the George Weston Ltd. Sensory and Food Research Centre, Department of 

Foods and Nutrition, University of Manitoba, Winnipeg, Manitoba The experts were 

three individuals with extensive sensory experience as well as this researcher. It was 

necessary to establish agreement on both attnbute interpretation and wording of 

definitions. The importance for consistency in sample presentation temperature, serving 

size, assessrnent technique, and attribute definition, was also evident. 

A commercial regular fat vanilla ice cream of c'economy" grade was selected as 

the reference sample for training sessions and fomal panels. The approximate 

composition of commercial econorny grade ice cream was cited by Marshall and 

Arbuckle (1996) tu be 10% milk fat, 10-1 1% non-fat milk solids, 15% sweeteners, 0.30% 
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stabilizer-emulsifier and 35-37% total solids. With the attributes used for the ballot in 

consideration, the reference sample was selected on the basis of its textual properties 

and availability in the "dixie cup" (1 75 g) packaged f o m  similar to that used for 

experimental samples. During the finai meeting of the expert panel, positions for the 

reference sample on the line scale for each amibute were agreed upon. The ballot 

generated fiom the expert panels is presented in Figure 3.1 and contains instniction and 

definitions for five texture attributes positioned above 15 cm unstructured line scales. 

For individuds &th little or no experience in ice cream sensory testing to 

properly assess the texture of fat reduced ice cream products, extensive training is 

required. Panellists were selected fkom a University student population having no 

previous knowledge of the researchers project and willingness to participate. The 

panellists consisted of nine students, seven females and two males, al1 between the ages 

of21 and25 

Pnor to ~nducting the four formal panels, a totd of eight separate 30 minute 

training sessions were held over a time span of one month. Training sessions were 

conducted in a round table setting but during forma1 panels, judges evaluated samples 

within individual booths. The first meeting focussed on an overview of the ballot, 

spooning technique, and specifying the arnount of ice cream to place in the spoon while 

testing sarnples. The next five sessions: (1) introduced a new attribute and definition; (2) 

discussed and practised the new attnbute on the reference sample and also on two or 

three treatment samples; and (3) practised and reviewed the attributes leamed during the 
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previous training sessions. The remaining two sessions involved practising use of a M l  

ballot containing attributes for four treatment samples. Thus, pnor to the formal panels 

each judge evaluated each treatment sample at least once. 

To compare the performance of judges and the effectiveness of training in 

general, the mean values of judge responses for each aîtribute were plotted after the first 

six meetings. The plotting of responses indicated that judges experienced difficulty with 

the amibutes of viscosity and mouth coating. However, a clear understanding and high 

level of agreement was noted for the following attributes in descending order: 

smoothness, nmuiess, and coldness. Prior to the two full ballot practice sessions, the 

attributes of viscosity and mouth coating were re-addressed through discussion with 

panellists. As a result, panellists achieved a clearer sense of understanding for viscosity 

and mouth coating and the definitions were re-worded- 

As a result of discussion and debate among panellists, the following changes were 

made to the ballot and to the overail presentation in general: the final wording for the 

viscosity definition was agreed upon (Figure 3.1); in the ami'bute order, the viscosity 

attribute was moved ahead of srnoothness; a wann-up sample at the b e g i ~ i n g  of the 

ballot was introduced; a five minute rest penod &er testing viscosity was deemed 

necessary, and a fresh reference sample after the 5 minute rest period was provided. 

During forma1 panels, the five minute rest period commenced immediately afier 

the judges had completed the first three attributes, coldness, finnness and viscosity. 

While leaving the judging room for the rest period panellists discarded the two reference 



samples onginally provided in the sample box. Mer the rest period, while re-entering 

the judging booths, each panellist selected one fiesh reference sample from a separate 

sample box positioned adjacent to the judging room door. Red lamps within the 

individual booths were not used because it was noted that the heat generated fiom them, 

sofiened the samples during the evaluations. 

To control temperatures, ten sample boxes were constnicted using 4 cm (1.5") 

inter-locking Styrofoam SM (Dow Corning Corp., Miciland, MI, U. S.), freeze-thaw 

stable glue and exterior duct tape for reinforcement. Each box measured 14.3 cm (5 518") 

in depth, 23 -2 cm (9 118") in width and 27.6 cm (10 7/8") in length. Box lids were 

properly fitted and the boxes were lined with industrial strength plastic to eliminate the 

permeation of ambient air into the boxes-The purpose of the sample boxes was to 

stabilize sample temperatures during transportation to the sensory testing laboratory and 

to reduce the wanning of samples during testing. Between 8:30 am and 9:30 am of each 

testing day, the sample boxes were loaded with cmhed ice and the appropriate samples 

for judging. The temperature of samples at the time of loading the boxes was -28"C, and 

prior to the time ofjudging at 11:30 am, sample temperatures had risen to between -20°C 

and -18°C. At the cornpletion ofjudging, sample temperatures had risen M e r  to 

between - 13°C and - 1 1°C. 



Figure 3. Z Ballot for ice cream texture. 

Name 

Date 

For each attribute, take a level teaspoon of ice cre!am h m  the center of the sample cup. Ifnecessas; IeveI the ice cream 
off using the side of the container to ensure that a consistent amount of sampIe is taken Place a vertical iine across the 
horizontal line at the point that best describes the intensity of each amibute. Write the code number above your matk 
Rime your mou& with watm befofe evaluating each aetnbute. A reférence sample is provided for each attnbute. Evaluate 
the reference smple prior to judging the coded saruples. Judge ail coded samples in relation to the reference sample. Prior 
to starhng, perform a w m  up sample using the reference. 

1. INTENSiTY OF COLDNESS: 
Place sampIe in the mouth and maaipuIate in your mou& Judge coldness as the cooling e f f i  whïch precedes meItdown 
of the sample. Extreme wlmiess occurs when a very sharp cooiing effect is detected during manipulation of the sample. 
Siight coldness rdects a Iow degree of cmüng. 

slight wldness e'meme coldness 

2. FIRMNESS: 

Place simple in the mouth and press against the upper palate. Judge finnness as the amount of force required by your 
tongue to flatten the ice cream. Ice cream that is soft provides very Iittie mistance to fiattening whereas firm ice cream 
requires considerable force to f la t ta  

Place !4 teaspoon of sample in the mouth Gentiy manipulate b e  sample by slowly rotaiing the sample between the 
tongue and palate. Dirring the melting process and immediately after the sample has iiquified, assess the ease of 
movement within the mouth. High viscosity means the sample does not move easily within the mouth and may fee1 sticky 
on the paiate offering resistance to movement. Low viscosity mwns that the sample offers v q  iittie resistance to 
movement, and may be perceived as watery immediately after the sample has liquifid 

low viscosity hi@ visc0sity 
4. DEGREE OF SMOOTHNESS: 
Spread the sample onto the upper paiate with the tongue and assess the degree of  smoothness. Ice cream that is not 
smooth is perceived as a coarse or rough texture. A high degree of smoothness means the sample has a srnocth and 
d o m  spread onto the pdate and no coarse or rough texture is detectable. 

not smooth hi& degree 

S. MOUTH COATING: 

Eat a piece of cracker and rime with water to remove any rcsidual coating within the mouth Piace sampIe in the mouth, 
gently manipulate the sample in a circular motion between the tongue and palate- Judge the intensity of mouthcoating as 
the amount of film rernaining in your mouth after swallowing. 

low mouth coatïng high rnouth coating 



Arbuckle (1986), indicated that ice cream temperatures ideal for semry 

evaluation are between - lj°C and - 16°C. Specter and Setser (1 994), presented their 

samples to panellists at -12 +/- I°C. Thus, satisfactory control over sampie warming and 

sample presentation temperatures were achieved durùig this study. Eight samples, 2 each 

of regular fat, light, low fat, fat fiee and reference samples, were presented to the 

panellists for evaluation The tested composition of sampies are listed in Table 3.3. 

Samples were coded with 3 digit random numbers. The senring order of samples 

presented to panellists was completely randomized and balanced following the procedure 

provided by Watts et al., (1989). 

Table 3.3 Tested composition of treatment samples used for sensory panels. 
- -- -- 

Treatment Milk fat1 (%) Proteinz (%) 0 v e m 3  (%) TS4 (%) 

Sample 

FFS Z 0.5 3.81 1 O0 32.8 

FFS2 

LFS 1 

LFS2 

LS2 

RFS 1 

'Milk fat;standard Babcock test for ice cream for al1 samples except FFS 1 and FFS2 
where the Babcock test for skim milk was used. 

'Protein;standard Kjeldahl procedure, 6.3 8 for conversion factor. 

'0vemin;Ovem = [((volume of product - volume of mix)/(volume of mix)) * 1001. 

%;total soli&. 



3.2.3 Physical Measurements - viscosity 

For the measurement of apparent viscosity, a Bohlin VOR Rheometer System 

(Lund, Sweden) was used and the Bohlin VOR software version 2.5 was used to 

determine consistency coefficients, and flow behaviour indices. The Bohlin VOR 

instrument consisted of a cup and bob (concentric cylinders) attached to a temperature 

controlling unit. The uitemal diameter of the cup was 27.5 mm. The bob height was 37.5 

mm and the bob diameter was 25.0 mm, thus, when the bob was lowered into the 

cylinder containhg ice crearn, a 1-25 mm annular gap remained within which samples 

were stressed over a broad range of shear rates. 

Rheological measurements for al1 samples consisted of ten readings taken over a 

shear rate sweep between 18.6 1 s-' and 232.2 pl. In addition to using the data fiom this 

sweep to fit a power law relationship between shear rate and shear stress, values obtained 

at a shear rate of 29.3 s-' were compared. In the power law model, o = K "' y, where o = 

shear stress (millipascals), K = consistency coefficient index (millipascal*seconds "'), n = 

flow behaviour index and y = shear rate (per second). The shear rate of 29.3 s-' was 

chosen for comparison as it was as close to the shear rate within the oral cavity while 

eating faîty foods similar to ice crearn. Dickie and Kokini (1983), have estimated oral 

cavity shear rates on fatty dairy foods similar to ice cream to be 1 1.5 s-' or Less. The two 

shear rate readings lower than 29.3 s" of 18.6 s" and 23.3 s" were not used for apparent 

viscosity cornpansons because during a few sample tests the desired consistent 

relationship between shear rate and shear stress was not established unti129.3 &due to 
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background noise. The rheometer torque was set at 18.8 gocm for al1 rneasurements. 

Four samples fiom each of the treatment sample codes listed in Table 3.3 were 

tested and each sample represented one 175 g container of ice cream. Samples for 

rheology testing were removed fiom fiozen storage at -28OC and transferred to a warmer 

freezer set at -18°C on the aftemoon prior to the day of testing. The following moming, 

the samples were transferred fiom the -1 8°C freezer to a 4°C coder and held for four 

hours prior to conducting the rheology tests. The stepwise tempering routine was 

necessary to ensure gradua1 sample wanning and to retain as much of the onginal frozen 

foam structure as possible. Samples were then loaded into the concentric cylinders of the 

rheometer. The amount of sample loaded varied withlli a range of 8.5 g to 15 g. The 

variation depended on the original overrun of the sample. The temperature of ice crearn 

upon loading samples for testing ranged fiom between -3°C and -6°C. A constant 

temperature of 30°C was maintained by the rheometer for all apparent viscosity, flow 

behaviour index and consistency coefficient measurements. The testing temperature of 

30°C was selected to approximate oral cavity temperatures and therefore validate the 

sensory-physicd measurement cornparison. The loaded sample was allowed to 

equilibrate to this temperature prior tu the shear rate sweep. 



3.2.4 Physical Measurements - firrnness 

For measuring firmness, the TA-'ïX2i Texture Analyser (Texture Technologies 

Corp., Scandale, New York, US.) was used For each sample a total of eight 

measurements for firmness were performed; four measurements using a cylindrical 

probe/plunger attachment, and four measurements using a M e  attachent specifically 

designed for testhg ice cream. Al1 measured data were analysed using the Texture 

Expert software program which accompanied the instrument. The cylindrical probe was 

made of acrylic material and measured 25 mm in diameter and 35 mm in height The 

probe dimensions were similar to the probe dimensions cited in the materials and 

methods of Guinard et al. (1997). The knife dimensions were 3 mm blunt end width, 50 

mm blunt end length and 83 mm in height. The knife edges were flat and square. The 

ikrmess tests were performed on ice cream packaged in two litre cardboard boxes. One, 

2 L box was used for each measurement. Also, in accordance with the methods of 

Guinard et al. (1997), the speed of penetration for the machine attachment into the ice 

cream, was set at 2 mm/çecond. 

Sample preparation for each m e s s  test followed a strict routine. The aftemoon 

of the day prior to testing, eight boxes of the appropriate treatment sample code were 

transferred nom the storage room temperature of -28°C to a smaller freezer and held 

overnight at -18°C. The following morning a hacksaw was üsed to cut, evenly, 2.5 cm 

(1.0") off the top of a 2 L box of ice cream. This was necessary because a flat surface was 

required for the test and uneven surfaces occurred during the filling of ice cream into the 
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boxes. Afier cutting, the samples were retumed to the tempering fteezer and held 10 

minutes and then placed into a larger sample holding box (one of the sensory pauellist 

sample boxes descnbed earlier) which was packed with crushed ice to surround the 

sample. In addition to the prevention of sample wanning, the packùig of crushed ice 

maintained the sample in a rigid position wiîhin the holding box The solid positioning of 

the treatment sample, withui the holding box, is believed to be important because of the 

considerable force imparted to the sample during mezsurements. Rigid sample 

positioning was especiaily important for tests involving the probe attachent as opposed 

to the knife attachment. For probe tests, greater forces were exerted onto the samples due 

to the contact area and diameter of the probe. Thus, the potential dissipation offorce to 

the sample carton exterior, was greater. Once assembleci, the sample and holding box 

were transferred to the texture analyser. Immediately prior to starting a test, the centre 

and surface ice cream temperatures were recorded using two hand-held digitai 

temperature probes. For each test, the indenter was positioned immediately above the 

geomeûic centre of the sample. The penetration distances into the ice cream for the 

cylindrical probe and hife attachments were 30 mm and 75 mm respectively. 



3.3 Data Anaiysis 

A cornpiete randomized block design was used for the sensory panel experirnents. 

Analysis of variance (ANOVA) tables were generated ushg a spreadsheet program and 

by following the methods ou thed  by Watts et al. (1 989). The Speannan's rank order 

correlation analysis was a is0  generated using a spreadsheet program and followed the 

critena outlined by Ott (1988). The Speamian's test was used to determine if there were 

relationships between the different levels of fat and the perceived sensory attributes. The 

Duncan's New Multiple Range Test was wed as the multiple comparison test for 

detennining statistical significance among treatment means. The ANOVA tables and 

muItiple comparison test values generated using a spreadsheet program, were venfied 

using SAS software (SAS Inçtitute, Inc., 1991). For the rheologicd data, the BohIin VOR 

software was used to apply the power law mode1 to determine consistency coefficients 

and flow behaviour indices of al1 treatment sarnples. Data generated from the 

instrumental rheology and tinnness measurements were analysed for statistical 

significance using the Number Crunching Statistical Analysis software system (J. L. 

Hintze Co., Kaysville, Utah, 1987). 



3.4 Results and Discussion 

3.4.1 Ballot Development and Panellist Training 

Although panellists can be trained to minimize variations in responses, they must 

stiil be considered as a source of error. When measuring attnbutes such as f imess ,  

coldness, and iciness, ice cream temperature has been show to contribute even more 

enor than the panellist eEect (King and Arents, 1994). In work ushg audio-intensity for 

profiluig the sensory texture of ice cream, King and Arents (1994), concluded îhat the 

use of prepacked portions, controlled warming of the samples and carefid choice of order 

for the atû-ibute evaluation can minimize the error associated with temperature and carry 

over effects. In this study, these issues were addressed in the sample handling and the 

ballot development. 

Previous studies have used a variety of sensory methods to descnptively analyse 

ice cream. Stampanoni-Koeferli et al. (1996) used a Quantitative Texture Profilhg 

method which was a rnodified version of the Quantitative Descriptive Analysis technique 

origindly used by Stone et al. (1974). Li et al. (1997) applied time-intensity and nine- 

point scale fkee choice profiling methods. Baer et al (1997) also used a nine-point scale, 

although unlike the methods of Li et al. (19971, judges were not given the fkeedom to 

select their own terms to be used on the scale. Specter and Setser (1994) used a 15.2 cm 

(6") line scale divided into 2.5 mm units whereas Moore and Shoemaker (198 1) used a 

10.5 cm unsûuctured Line scale and Guinard et al. (1997) a 16.5 cm unstructured line 

scale with anchors positioned 2 cm fiom each end of the line. As the unstructured line 
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scales were shown to be effective, in this study, a 15 cm unsauctured line scale was 

chosen. 

The order and timing of attribute evaluation was determined by input fkom both 

the expert panel and durhg the training sessions for the formd panel. Panellists felt that 

by using the order established (coldness, h e s s ,  viscosity - break - smoothness, and 

then mouth coating; Figure 3. I), their ability to evaluate these attributes was optimued 

and the carry over between sampIes kept to a minimum. 

In this study, an ice cream sample was used as the reference sample for the 

formal panel rather than non-ice cream reference samples as was done by Stampanoni- 

Koeferli et al. (1 996). While the non-ice cream references, which included Philadelphia 

Double Cream Cheese for mouth coating and ice cubes for coldness, cm truly reflect the 

attribute in question, it was felt that it was unlikely that any of the prepared sarnples 

would approach the texture intensities of these references. The ballot developed as a 

result of the expert panel and training sessions is given in Figure 3.1. The ability of the 

panellist to effectively use this ballot is evident from the fact that there were no 

significant effects attributable to the paneilist, replication, or interaction between 

panellist and replication. 



3.4.2 Coldness 

As there were significant trial &ects and interactions between trials and other 

panuneters the data from the two process were analysed separately (Appendix 5). In 

other words, the lettering for statisticd significance, Iisted in Tables 3.4 and 3.5, is based 

only on the ANOVA and treatment means fiom within one process trial. The modified 

starch used for FFS2, although originating f?om the same source, was from a different 

batch and appeared to alter the physical properties of the ice cream. 

Table 3.4 Sensory mean values' of texturd amiautes of vanilla ice cream prepared 
during process trial 1. 

% Fat and 
treatment code 

Texturai Attributes 

- -- 

Coldness Finnness Viscosity Srnoothness Mouth 
Coating 

9.40 (RFSl) 7.3 a 8.1 a 9.3 a 9.9 a 8.3 ab 

0.50 (FFS 1) 8.4 a 9.8 a 6.9 b 5.5 b 6.3 b 
'mean of x panellists and two test sessions 

ab values within a column with no different letter are significantly different (p < 0.01). 



Table 3.5 Sensory mean vduesl of texturd attriiutes of vanilla ice cream prepared 
during process tnal2. 

% Fat and 
treatment code 

- 

Coldness Finmess Viscosity Smoothness Mouth 
Coatùig 

9.40 (IWS2) 7.2 a 8.4 a 9.4 a 9.8 a 9.0 a 

0.45 (F'F'S2) - 8.1 a 11.8 b 7.9 a 7.2 b 7.0 bc 
1 mean of x panellists and two test sessions 

ab values within a column with no different letter are signincantly different @ c 0.01). 

Overall, FFS 1 and FFS2 were observed as being different in both the unfiozen and fiozen 

States with FFS 1 having the properties desired by the experimenter. Since the modified 

starch was the criticai ingredient for al1 treatment samples of less than regular fat 

content, considerable experimental error was introduced if the critical ingredient used in 

one of the treatment samples was significantly different fiom the other treatment 

samples. 

As rneiting occurs within the rnouth, larger ice particles are momentarily Lefk 

behind creating the distinct sensation of coldness (Bodyfelt et al., 1988). Bodyfelt et al. 

(1988) also suggested that the higher the level of fat in the ice cream the lower the 

perceived intensity of coldness. This is based on the assumption that as the fat level in 

the ice cream decreases the water content increases such tbat more water is available to 

form larger ice particles (Bodyfelt et al., 1988). As a result, the sensation of coldness is 



34 

expected to intemie as the fat levels, and consequently the solid levels, in ice cream are 

decreased. However, resdts from both triais in this study (Tables 3.4 and 3.5) indicate no 

significant difference between samples for coldness and no relationship between 

coldness and fat level (Table 3.6). The results are similar to those of Specter and Setser 

(1994) who used two sources of modified starch (tapioca dextrin and potato 

maltodextrin) as ingredients for fat replacement in ice creams of 0- 12% mi& fat 

Table 3.6: Correlation (R2) valuesL for the relationship between levels of fat and the 
intensity of textural attriiutes fiom samples prepared during process tr ials 
1 and2. 

Attribute R2 values 

Process Trial 1 Process Triai 2 

coldness 

firmness 0.616 O. 899 

smoothness 0-87 0.928 

mouth coating O. 546 0.729 
'correlation values; determined using linear regression analysis on the treatment means 
fiom four formal sensory panels. 
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In contrast, the work of Stampanoni-Koeferli et al. (1996) using reduced fat milk 

products, demonstrated that decreasing coldness perception accompanied increasing 

levels of fat as theorized by Bodyfelt et al. (1988). The reported decrease in coldness 

perception was accompanied by an increase in mouth coating and decreases in ice crystal 

perception and melting rate. These results were supported by the earlier work of 

Donhowe et ai. (19901, who stated that the presence of fat favoured the growth of small 

ice crystals over large ones and Kokuba (1993) who indicated that the melthg rate would 

be lower if there is more fiee fat coalesced during the fieezing process. 

In addition to their findings for the effects of fat content on coldness, 

Stampanoni- Koeferli et al. (1996), demonstrated that increased levels of non-fat milk 

solids (NFMS) lowered the perception of coldness in ice cream of less than regular fat. 

hcreasing NFMS levels beyond typical levels, however, is not recomrnended as this 

couid affect ice cream flavour. A similar scenario was noted by Ohmes et al. (1998) as 

they reported that the use of 4.8% of a whey protein based fat replacer in fat fiee vanilla 

will intensiQ the flavour of whey, symp and cooked milk. 

The use of modified starch as a component in fat replacers clearly has the 

potential to overcome the increased perception of coldness that accornpanies many low 

fat ice cream products. The inability of panellists to detect differences in coldness 

between the regular fat and fat reduced ice creams with the modified starch fat replacer 

used in this study supports the earlier work of Specter and Setser (1994). This effect of 

modified starch is, in part, due to the fact that the total solids in the ice cream mix would 
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be increased in the same way as Stampanoni-Koeferli et al. (1996) reported for the 

addition of MFMS. A bland modified starch could impair the formation of large ice 

crystals without adversely affecting the flavour of the product In addition, the presence 

of starch could reduce the perception of coldneu in the mouth. 

3.4.3 Firmness - Sensory 

For process trial 1, no significant clifferences were detected between samples 

(Table 3.4). However, for process trial2 (Table 3.5) the RFS2 samples were judged to be 

significantly different f?om d l  samples except LS2. In fact for the second trial, there was 

a strong relationship (RZ = 0.899) between fat level and £ïrmness (Table 3.6), such that 

samples containhg higher levels of fat tended to be less firm as has been reported 

previously (Bodyfelt et al., 1988). The iower correlation value (R2 = 0.6 16) for trial 1 

indicated that the relationship between fat content and firmness was weaker in 

cornparison to trial 2 (Table 3.6). 

Samples for which fat and total solids have been reduced, such as LFS l and FFS 1, 

have been reported to be b e r  in cornparison to sarnples of higher fat and total solids 

due to the higher levels of ice and hence the lower levels of crystallized mi& fat, a sofier 

component than ice. Evidently, the fat replacement used in LFS 1 and FFS 1 was effective 

in mimicking the sensorial h e s s  of samples of higher fat content, while the modified 

starch used for FFS2 did not provide the same effective fat replacement noted in LFS 1 

and FFS 1. 
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When the inclusion of modified starch results in undesirable ice cream firrnness, 

as was the case for the FF52 sample, the behaviour of the individual starch polymers is 

most likely responsible. Unlike an effective fat replacer where modified amylose and 

amylopectin c h a h  interact with watedice and other polymer coustituents in a dispersed 

and homogeneous way, it is probable that the starch polymers in the fimer products are 

interacting with each other, producing gelled particles which would be responsible for 

the higher h e s s  intensities during sensory testing. During the melting that occurs 

within the mouth during a sensory test for h e s s ,  the gelled particles of modified 

starch would increase the resistance of the samples to deforniation by the tongue. Ideally, 

if the modified amylose and amylopectin chains are able to align at the air cell, milk fat 

and ice crystal interfaces, the force required by the tongue to flatten the ice cream sample 

will be reduced. It would appear that the modified starch used in trial 1 was able to 

perfonn this function and thereby produce ice crearn products whose sensory firmness 

was not significantly different fiom that of regular fat ice cream. 

3.4.4 Firmness - Instrumental 

The firmness of ice cream is related to its structure. The air cells of ice cream 

structure are essentially spherical although there is some distortion due to fat and ice 

crysral formation (Prentice, 1992). The material surrounding these air cells is a non- 

Newtonian fluid containing, pnmarily, clumps of fat (up to 80%) and small ice crystals. 

In fat reduced ice cream products, it is clear that the rheology of the composite Buid 



38 

surrounding the air cells wiil be altered due to the reduction in the fat clurnps which 

predominate the composite fl uid of conventional ice cream structure. The instrumental 

analy sis of ice cream finnness and apparent viscosity should provide some insight into 

the foam structure of fat reduced ice crearn products. 

As was the case with sensory b e s s ,  the results for the two trials for 

instrumentally determined firmness using a plunger were quite different (Tables 3.7 and 

3.8). There were no differences in firmness values for the FFS 1, LS 1 and RFS 1 for trial 

1; the LFS 1 value, however, was higher (Table 3.7). For trial 2, the value for FFS2 was 

approximately 3 times higher than the RFS2 and LS2 ice creams (Table 3 -8). 

Specter and Setser (1994) also conducted physicai tests for sottness using a 

plunger attachment on an Instron Universal Testing Machine 0. While the 

magnitude of the forces measured was higher than in the current study, the sample 

which contained 0% milk fat and 12% rnodified starch gel (N-OilQ) for fat replacement 

differed significantly nom the control sampie of 12% milk fat, with indentation forces of 

862.4 and 300.8 Newton (N) respectively. Like the FFS2 sample, this represents 

approximately a 3 fold increase in firmness. Sarnples of intermediate fat levels had 

firmness values comparable to the regular fat ice cream. 



Table 3.7: Mean valuesL for instrumental measurement of firmness2 and tackiness3 
on ice cream prepared during process trial 1. 

Treatment Probe/Plunger Attachent 
Code 

Fimues8 (N) Tackiness3 0 FirrnnessJ (N) Tackiness5 (N) 

FFS 1 92-48 a -16.59 b 57.72 a -14.20 b 

LFS 1 257.63 b -21.02 a 67.38 ab -23.52 b 

RFS 1 102.46 a -14.59 b 96.21 c -19.07 a 
values within a column with no common Ietter, significantly differ @ < 0.05). 

'mean values were detennined fkom 4 assessments for each attachment, 

Zfirmness;firmness values represent the peak force values for each deformation 

3tackiness;ta~kiness values represent the peak negative force values upon withdrawal of 
the attachent after deformation. 

'standard error = 8.88 

*standard enor = 7.98 

%tandard error = 1 -05 

'standard error = 3.5 8 

Previous work with ice creams made fiom modified starch were performed using 

small batch freezing equiprnent with overruns of only 45% (N-OilQ; Specter and Setser, 

1994) and 75% (N-LiteTM; Schmidt et al., 1993). The higher ovemuis obtained in this 

study (295% for al1 samples except FFSZ; Table 3.3) are more representative of 

commercial ice crearn production and therefore provide a more representative material 

for sensory analysis. 



Table 3 -8: Mean values1 for instrumental measurement of firmnes? and tackiness3 
on ice cream prepared during process trial 2. 

Treatment Probe/Plunger Attachent Knife Attachent 
Code 

~ i n n n ~ ~ s '  CN) Tackines? (N) Finriness3 0 Tackiness" 0 

values w i t h  a column with no common letter, significantly M e r  @ < 0.05). 

'mean values were determined from 4 assessments for each attachment. 

2fiminess;fimness values represent the peak force values foi each deformation 

'tackuiess;tackiness values represent the peak negative force values upon withdrawal of 
the attachment after deformation. 

4standard error = 6.64 

'standard error - 4.84 

'standard error = 1.22 

'standard error = 0.58 

Guinard et al. (1997) also performed indentation tests on ice cream samples of 

varying solids and milk fat contents but the fat level mged fiom 8.73% (32.49% total 

soli&) to 19.3% (53.16% total solids). As was the case in the current study, the 

instrument used for their texture evaluations was the TA TX2 Texture Analyser. Their 

results showed the force of deformation for their low fat- low solids sample to be more 

than five times the force rneasured fiom their high fat - high solids sample. This 

demonstrated the contibution that the presence of ice crystals can make to the detection 

of firmness. The five fold increase in the force values observed between the low fat and 
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high fat samples of Guinard et al. (1997), was greater than the ciifferences in force values 

observed between the fat reduced sarnples of this study. This supports the observation 

that the presence of modified starch cm control the development of firmness in lower fat 

products. However, direct cornparison of b e s s  values between this study and that of 

Guinard et al. (1997) is not practical. Guînard et al. (1997) tempered samples to -lO°C 

whereas samples for this study were tempered to between - 16.8 OC and - 17.6 OC. 

In addition to the indentation force values for softness, Guinard et al. (1997) 

reported the negative peak values generated as the probe/plunger was withdrawing from 

the sam ple as represenîing "tackiness". S imilarly O btained values for tackiness for this 

study are show in Tables 3.7 and 3.8. The results look very much iike the f m e s s  

results with the LS 1 value being slightly higher in trial 1 (Table 3.7) and the FFS2 value 

being much higher in trial 2. This would suggest that the molecular changes affecting 

f i m e s s  also impact the measurement of tackiness. It would appear that puncture force 

values are extremely sensitive to sample temperature handling conditions and instrument 

settings as the full fat ice creams tested by Goff et al. (1995a) al1 measured less than 5 N 

maximum force. Values in this study for full fat were greater than 50 N. Goff et al. 

(1995a), tempered samples to -10°C and used a different texture instrument and settings. 

Such methodology wodd contribute substantialIy to the difference in force values 

determined between the two studies. 

As an alternative to detennining ice crearn f i m e s s  using a plunger attachent,  

as has been the case in most previous studies (Specter and Setser, 1994; Guinard et al., 
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1997), a knife attachment was aisu used to evaluate both f i m e s s  and tackiness (Tables 

3.7 and 3.8). There are several advantages to using a knife rather than a plunger for 

measuring ice crearn texture. The knife blade is longer than the plunger and the depth of 

penetration greater so that it will be Iess influenced by srnaIl temperature gradients at the 

surfâce. In using a plunger, the amount of material compacted below the plunger will 

contribute to the measured force. As the end ofthe W e  is oniy 0.3 cm in width, the 

contribution of compacted material to the measured force will be minimal. 

As it was the case with the plunger, the results for the two trials when testhg with 

the knife were quite different and the trends seen for f m e s s  were also apparent for the 

tackiness although the actual forces measured were considerably lower for the knife 

(Tables 3.7 and 3.8). For trial 2, the fvmness and tackiness for the FFS2 samples was 

much higher than the other samples as was the case when using the plunger. For trial 1, 

however, a decrease in the fat level resulted in a decrease in the firmness value in that the 

highest values were obtained with the regular fat product. This would suggest that 

f imess values for the reduced fat ice creams measured with the plunger may have a 

significant arnount of compressed matend contributing to the measurement. 

Based on both the sensory and instrumental results it is clear that the presence of 

modified starch can overcome some of the problern caused by increased ice crystal 

volume that have been associated with increased finnness in a number of low fat ice 

crearn products. 



3.4.5 Viscosity - sensory 

A physical property of ice cream that has a major influence on sensory quality in 

general, and texture assessrnent in particular, is apparent viscosity. Apparent viscosity in 

the partially melted state is an important factor because it influences how a sample of 

ice cream reacts within a person's mouth. The resistance of ice cream to the mechanical 

forces imparted by the tongue, upper palate, and teeth, will dictate the overali perception 

of ice cream texture. Viscosity building has been cited as a general function of 

carbohydrate-based fat replacers (Akoh , 1998). 

While Specter and Setser (1994) did not evaluate viscosity as such, they did 

examine wateriness which they described as rapidly melting leading to a loss of viscosity, 

and the developrnent of a thin and watery character. On the basis of this description, 

discussions ïnvolving viscosity and wateriness as related attnbutes are valid In the 

curent study, only the FFS 1 sample (Table 4a) was viewed as having a significantly 

lower viscosity in triai 1 and al1 samples h m  trial 2 (Table 4b) were perceived as being 

similar in tems of viscosity. The high h e s s  value for the FFS2 sample did not result 

in a higher perception of viscosity. In contrast to these fmdings, five of the six treatments 

evaluated by Specter and Setser (1994) were perceived as having significantly higher 

degrees of wateriness cornpared to the regular fat (12% milk fat) control sample. Even 

their sample which contained 8% milk fat and 4% fat replacer (for both N-Oil Q and 

Paselli SA2) was judged as being significantly more watery that the control. 

In research by Li et al. (1997), using the polydextrose fat substitute Litesse@, 
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significant differences in apparent viscosity between their regular fat (9.65% milk fat) 

sample and some of their lower fat (5.63%, 2.35%, and 0.53%) samples were reported- 

Their work dernonstrated that the use of Litesse@ as a fat replacer will affect the 

apparent viscosity of fat reduced ice cream samples but the degree to which viscosity is 

altered will depend on the level of fat and total solids. In cornparison, with the FFS 1 and 

LFS 1 samples (Table 3.4), the modified starch used for the current study appeared to 

reproduce the viscosity of the reguiar fat ice cream as perceived by trained panellists. 

3.4.6 Rheologieal Viscosity Measurements - instrumental 

For instrumentai apparent viscosity (Tables 3.9 and 3.1 O), the RFS 1 and RFS2 

samples rneasured 88.3 MPa and 86.0 MPa respectively at 30 OC and a shear rate of 29.3 

d. These values were significantly lower than those for the LS1 and LS2 samples but 

higher than the ice cream samples with even Iower fat contents. This is an indication that 

the level of modified starch used in the light samples could be lowered ifits formula 

were to be M e r  optunized. hterestingly, the values for the LSl and LS2 samples were 

similar to those obtained by Goff et al (1994) of 130 MPa at 20 s-l and 30°C for a regular 

fat formulation. Thus, the optimal level of modified starch to use for light ice cream may 

be variable depending on the apparent viscosity of the regular fat ice crearn which is used 

as the viscosity target. The rank order analysis to examine correlations did not show a 

strong relationship between sensory and instrumental viscosity (Table 3.1 1) for 

individual trials. 



Table 3.9: Mean valuesi for the rheological properties of ice cream samples prepared 
during process trial 1. 

Treatment Code Apparent Viscosi# Flow Behavior Index' Consistency 

(&a-s) CoefficientC 

FFS 1 

LFS 1 

L S  1 

RFS 1 

values within a column with no common letter, significantly differ @ < 0.05). 

'mean values were determined fiom 4 assessrnents of each sample. 
2 apparent viscosity standard error = 8.8, al1 values were reported at 29.3 s-'. 

3flow behavior index standard error = 0.0 1 1. 
4 consistency coefficient standard error = 0.076. 

Table 3.10: Mean valuesL for the rheological properties of ice crearn samples prepared 
during process trial 2. 

Treatment Code Apparent Viscosiv Flow Behavior h d e 2  Consistency 

( d a - s )  Coefficient4 
(Pa s*') 

RFS2 86.0 c 0.428 a 0.569 c 
values within a column with no common letter, significantly difTer (p < 0.05). 

'mean values were determined from 4 assessments of each sample. 

'apparent viscosity standard error = 3.8, al1 values were reported at 29.3 s-'. 

3flow behavior index standard error = 0.02 1. 

'consistency coefficient standard error = 0 .O27. 
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In the work of Specter and Setser (1994), the highest mix viscosity was associated 

with the regular fat control sample (66.7 MPa) with the lowest viscosity occurring for the 

fat fkee sample (33.8 MPa) made with 12% N-Oil@ gel. Three of the four fat f?ee ice 

creams evaluated by Ohmes et al. (1998) had measured mix viscosities in the range of 

24.5 to 38 MPa s and these values are similar to values determined for FFS I and LFS 1. 

Despite these similarities the light control sample used by Ohmes et al. (1998) was 

significantly lower in viscosity compared to theîr fat fiee ice creams, whereas the 

opposite was noticed during t b i s  study (Tables 3.9 and 3.10). Cornparison of the actual 

values obtained by Specter and Setser (1994) and Ohmes et al. (1998) to results from this 

study is not practical due to the different methodologies and instrumentation used. 

However, the higher apparent viscosity values for the light samples attained in this study 

suggests the inclusion of a modified starch c m  at lest partially overcome the decrease in 

viscosity associated with fat reduced samples. 



Table 3.1 1 : Spearman's rank order correlation coefficient for analysis of the 
relationship between selected sensory and physical measurernents. 

- -- 

Sensory Amibute Physical Property Process Trial 1 Process Trial 2 

R2 R2 

Viscosity 

Smoothness 

Mouth Coating 

Firmness 

Firmness 

Viscosity 

Smoothness 

Mouth Coating 

Viscosity 

Srnoothness 

Mouth Coating 

Coldness 

Flow Behaviour Index 

Flow Behaviour Index 

Flow Behaviorir lndex 

Firmness 

Apparent Viscosity 

Apparent Viscosity 

Apparent Viscosity 

Apparent Viscosity 

Firmness 

FUmness 

Finmess 

Firmness 

In general, the rheological properties of most stabilized ice cream mixes have 

been described as non-Newtonian pseudoplastic in that they become thinner with 

increased shear rate (Cottrell et al., 1980; Goff and Davidson, 1992). As expected, the 

rheological data fiom this study gave similar results in that al1 flow behaviour indices (n 

values) were less than 1 (Tables 3.9 and 3. IO), which is characteristic of pseudoplastic 

be haviour. 
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For ice cream mixes, values for n as low as 0.48 but as high as 0.94 have been 

reported by Cottrell et al (1980). For an ice crearn mUc contaking 10% milk fat, 37.3% 

total solids and 0 -3% stabilizers (an ice crearn mix sùnilar in composition to the regular 

fat samples in this sîudy), Smith et al. (1984) reported n values between 0.48 and 0.55. 

These n values are slightly higher than those detennined for WS 1 and RFS2 (0.438 and 

0.428, respectively), but their testing temperature was 2 OC compared to 30 OC in this 

study. This temperature difference could account for the clifference in n values obtained 

It has been suggested that the aggregation of fat globules in ice crearn is partly 

responsible for its shear rate thinning behaviour (Arbuckle, 1986). On this basis, the fact 

that the FFSl and FFS2 displayed the least shear thinning behaviour (highest n values) 

may be attributed to the lack of fat globules. The n value for the LS2 sampIe, on the other 

han& may reflect the shear thinning of aggregated material other than fat globules. 

Significant correlations of O.90 and 1.00 were noted between the 80w behaviour index 

and the sensory viscosity and mouth coating in trial 1 respectively (Table 3.1 1). The lack 

of correlation noted for trial 2 appeared to be due to the different properties of FFSZ. 

The consistency coeficient (K), dso referred to as the consistency index (Goff 

and Davidson, 1992; Schmidt et al., 1993), was also obtained fiom the power law mode1 

(Tables 3.9 and 3.10). These values were positively correlated with the vkcosity values 

(RkU.778), which is not surprising as they both reflect the thickness or viscosity of the 

sample. The apparent viscosity is rneasured at a single shear rate while the K values are 

based on a range of shear rates. The main difference in these two measurements was seen 



49 

for the FFS and LS samples. The K values were ~ig~f icantfy  lower for the fat fiee 

samples whereas this was not the case with the apparent viscosity rneasurements. 

Otherwise the trend was the same with the light samples having the greatest apparent 

viscosity and K values followed by the reguiar fat samples. Overall, the values tended to 

agree with the apparent viscosity and sensory viscosity data ïndicating the low fat and fat 

fiee samples were not as viscous as the regular fa and light samples. 

Comparison of K values between studies is difncult due to differences in sample 

handling and sample temperature during measurement. Previous viscosity rneasurements 

were made on ice cream mixes at room temperature, whereas in the cwent study, the ice 

cream had been fiozen, stored, and thawed @or to viscosity measurement at 30 OC. The 

values obtained, however, are lower than the 4.6-6.7 reported by Smith et al (1 984) but 

similar to the 0.093-1.69 reported by Schmidt et al. (1993). 

3.4.7 Smoothness 

It has been proposed that the ability of carbohydrate-based fat replacers to 

effectively rnimic the physical properties of milk fat will be detennined by the colloidal 

properties of the carbohydrates Uivolved and their impact on mouth feel (Specter and 

Setser, 1994). It is possible that the melting of ice cream withùi the oral cavity may be 

infiuenced by the hydrated particles of the fat replacer such that the perception of 

creaminess is intensified. High correlations existed between srnoothness and fat content 
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(Table 3.6). Of interest was the correlation of 0.903 noted between smoothness and the 

instrumental rneasurement for f i m e s s  (Table 3.1 1). 

The resdts for smoothness from process trial 1 (Table 3.4) indicated that a 

decrease in ice cream smoothness occurred when the fat level was decreased fiom 5.20 

to 2.40%. For the second trial a similar trend was seen yet o d y  the RFS2 sarnple was 

judged to be significantly smoother than other treatments. This inverse relationship 

between fat content and smoothness is in agreement with previously published resutts 

where decreases in creaminess were reported when the fat level was decreased nom 10 

to 3% (Morris, 1992) and from 12 to 8% or fiom 8 to 3% (Stampanoni-Koeferli et al., 

1996). The creaminess measured in these investigations shodd be close to the 

smoothness evaluated in this study. It wodd appear, therefore, that the use of modified 

starches in low fat ice cream cannot resdt in a product with smoothness or creaminess 

similar to that of the regular fat ice cream, even though the smoothness of LS1 sarnple 

was comparable to the regular fat ice cream. 

3.4.8 Mouth Coating 

The results for mouth coating indicated that a lower rating for mouth coating was 

generally associated with a sample with lower fat contents (Tables 3.9 and 3.10). In trial 

1, the LS 1 sample had the highest value and the regular fat sample was not significantly 

different fiom the lower fat sarnples. In trial 2, the regdar fat sample had the highest 
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degree of mouth coating and this was significantly higher than either of the LFS and FFS 

products. A similar increase in mouth coating with increased fat content has been 

reported previously by Stampanoni-Koeferli et al. (1 996). It shodd be noted, however, 

that panellists expressed difficulty in assessing mouth coating in the reduced fat samples. 

It is possible that the nature of the mouth coating is different in reduced fat ice cream 

than it is in regdar fat ice crearn. 

For the moàified starches used by Specter and Setser (1994), no significant 

ciifferences were reported between the rnouth coating properties of the regular fat ice 

cream and their reduced fat ice creams which contained 8%, 4% and 0% milk fat. 

Overall, it is clear that the intemity of mouth coating for reduced fat ice creams is 

dependent on the source of modined starch used for fat replacement Also the type of 

rnouth coating between regular fat and reduced fat ice cream is likely to be different 



4.1 Introduction 

Ln addition to being able to produce a reduced fat ice cream that is acceptable to 

the consumer it is important that processing conditions be examine& This is necessary to 

provide information essential to achieve consistency in product manufacture through an 

understanding of structure formation d d n g  the preparation steps. In addition, drawing 

temperature is an important consideration as it can determine the extent of ice crystal 

formation and hardening behaviour (Everington, 199 1) which are in turn related to the 

thermal properties of the material. Also important in characterizhg the quaiity of 

reduced fat products is the melting behaviour (Ohrnes et al., 1998). This can be examined 

through the rate of temperature change during warming or by monitoring the change of 

state during rnelting through the decrease in weight of an inverted package of ice cream. 

In this shidy the properties of the regular and fat reduced fat samples were evaluated by 

monitoring ice cream temperatures during continuous fkeezing, hardening and melting. 

To M e r  understand these properties, thermal diffisivities were calculated and the rate 

of liquid released during the rneltdown of fiozen ice cream was measured 



4.2 Materials and Methods 

4.2.1 Manufacture of ice cream 

The manufacture of ice cream followed the guidelines cited in section 3.2.1. 

However, the sarnples for sensory and texture evaluations were prepared separately fiom 

the ice crearn used for continuous fieezing, hardening and melting analysis. The 

insertions of themiocouples in the samples to monitor temperatures during continuous 

fieezing precluded their use in sensory testing for food safety reasonç. Figure 4.1 

illustrates the continuous fieezing equipment used to fieeze all samples. Tne tested 

composition of ice creams used for fkeePng and melting analysis are given in Table 4.1. 

Minor differences between duplicate runs resulted in slight merences in sample 

composition Fat levels were al1 within target range. Sample codes in these expenments 

contained the letter 'D" (Table 4.1) to distinguish them from the earlier trials where 

samples of similar composition were used in sensory ("S") trials (Table 3.3). 

4.2.2 Continuous freezing 

An important aspect of continuous freezing is the drawing temperature of ice 

cream. The drawing temperature is the temperature of serni-solid ice cream as it is 

extmded fiom the fieezing barre1 outlet. At the begùining of most continuous fieezing 

operations the serni-fiozen ice cream appears wet or shiny and may Iack stiffness. It is a 

desirable quality of ice cream to have a dry appearance during drawing and to have a 

certain degree of stiffhess so that it extrudes smoothiy fiom the fieezing barrel. 



Figure 4 1 

Equipment and Dasher  Assembly 
of 

Star Vogt Continuous Ice Crearn Freezer  

Overrun gau I 

1 ~ e f r i ~ e r a n t  control / 1 Dasher speed control / 

During the continuous fieezing step where ice cream mix and semi-frozen ice crearn 

were present within the fieezing barrel, drawing temperature data was collected every 30 

seconds using themocouple wire (P24T, insulation range of 40°C to 105"C, 

ThermoElectric, Brampton, ON, Canada) and a Hewlett Packard data acquisition system 

(HP 75000, Loveland, CO, US.). 
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To determine ice cream mu< temperatures, the thermocouple was firmly positioned at the 

center of the mix supply tank outlet. For measurement of drawing temperatures, the 

thermocouple was positioned at the geometric center of a 2.54 cm (1 ") pipe immediately 

adjacent to the fieezing chamber outlet (Figure 4.2). 

Table 4.1 Tested composition of ice cream prepared for fieezing and melting 
andysis. 

Sample code % mi& fat1 % total solid? % overrun 

RFD 1 

RFD2 

LD 1 

LD2 

ml 

LFD2 

ml 

FFD2 

l %mik fat; Pennsylvania modified Babcock method used for ail samples except for 
FFD 1 and FFD2 where the Babcock method for skim milk (Marshall, 1992) was used- 

%total solids; forced-draf? oven rnethod (Marshall, 1992). 



Figure 4.2 

position of in-line thermocouple 

A one mm diameter hole was d n k d  into the pipe and a sample grommet (Specialty 

Systerns, Winnipeg, MB, Canada) was inserted into the hole, Insertion of the 

thermocouple through the sarnplr grommet ensured firm positioning of the thermocouple 

at the  geometric center of the pipe. 

in addition to monitoring drawing temperatures during continuous freezing the 

tlow rates of ice cream were also measured (Table 4.3 ). The t'low rates were monitored 

manually 4 tiines durinç steady state tieezing by weighing the arnount of ice cream 

cokcted over a 30 second time period. 



Figure 4.3 : 

Filling of I O  Litre Cylinders During 
Continuous Freezing of 

Vanilla k e  Cream 

M e r  filling the 2 L boxes, the packaged ice cream was placed into plastic rnilk 

crates each of which held 6 boxes (Figure 4.5). Manual tramfer of ice cream fiorn the 

continuous freezing room to the hardening room immediately followed the completion of 

each crate. Two 10 L cylinder pails were fiIIed for each batch of ice cream and each 

cylinder was transferred separately to the hardening room immediately after filling. The 

cylinders measured 24 cm in diameter and 40 cm in height (Figure 4.3). 



4.23 Hardening and Melting 

The room used for hardening packaged ice cream was a 3 -84m x 2.83m x 2.14m 

(127"x 9'3.5"~ 7'0") indirect-contact air-blast convection fieezing chamber. Air flow 

within the fieezer was 1.0-1.5 m/s and the defiost temperature cycle was -26°C to -32°C 

over a 15 minute time period with an overall average fkeezing chamber temperature of 

-3 1°C. At the completion of continuous fieezuig the data acquisition and thermocouple 

assembly were transferred nom the continuous fieezing room to an area imrnediately 

adjacent to the hardening room. 

Within the hardening room, 4 stacks of ice cream were positioned approxirnately 

1.22 rn (4') from the cooling fans, 0.92 m (3') fiom the walk-in fireezer entrance and 1.06 

m (3.5') fiom either side wall. Each stack consisted of 3 full crates of ice cream and an 

empty crate. The empty crate was used to elevate the stack off the floor and therefore 

improve the coolhg surface area of the ice cream. The 10 L cylinder pails were also 

elevated fiom the floor using an empty crate. Therrnocouple probes were constnicted 

using 0.25 mm copper tubing as housing for the thermocouple wire. The tubing was cut 

to specific lengths to ensure that thermocouple probes would measure temperatures at the 

geometnc centres of the cylinders and 2 L boxes. Thermocouple wire was threaded 

through the copper tubing and firmly fastened using electrical tape so that only the tip of 

the wire was exposed at the end of the tubing. 

For every batch of packaged ice cream, two thermocouple probes were inserted 

into each of the two 10 L cylinder pails and into four 2 L boxes. One thermocouple probe 



measured temperatures at the centre of a container and the second thennocouple 

measured temperatures immediately adjacent to the inside container surface (Figures 4.4 

and 4.5). 

Figure 4.4: Positioning of thennocouples during the hardening of ice cream in 
cylinden. 

cylinder 1 cylinder 2 

floor 

data acquisition system i 
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Of the four boxes monitored for each batch, two were located in the middle crate of a 

stack and the other two were located in the top crate of the same stack. To monitor 

cooling air temperatures during hardening, a thennocouple was positioned approxirnately 

5 cm (2") above the centre of the 4 stacks of ice cream. Refer to Appendix 5 for related 

data and calculations. 

Figure 4.5: Positioning of thennocouples during the hardenuig of ice cream in 2 L 
paper-board boxes and stacking of crates. 

Side view of ice cream stacks 
(4 mes/stack) 

Empty 
Crate 

Empv 
Crate 

Above view of a single crate 
(6 boxedcrate) 



For melting analysis the fiozen samples monitored during hardening were 

transferred with the thermocouples in place to a glass door cabinet (Coldstream, 

Winnipeg, MB, Canada). The cabinet, having cavity dimensions of 6lcm x 1 14.3cm x 

122cm (24"x 45"x 57"), minimized experimental error by rnaintaining arnbient 

temperatures. A themiostat ensured that cabinet temperatures did not deviate from 2 1+/- 

1°C. In addition to monitoring temperatures in the boxes and cylinders having the 

thermocouples, the weight of iiquid accumuiated during melting for each experimental 

condition was measured The bottorn of one box was cut out using a utility knife and 

mounted on a screen (the openings were1.3cm x 1.3cm) above a beaker placed on a 

zeroed scale. Every 30 seconds the nurnber ofgrams of melted ice cream was recorded. 

4.2.4 DSC Testing 

A DSC 7 Differential Scanning Calotimeter (Perkin-Elmer, Norwalk, CT, US.) 

was used for the melting and freeze-thaw stability analysis of treatment samples. Frozen 

samples of 20 to 25 mg were Loaded into DSC pans. Sample pans were sealed and placed 

into the DSC 7 load cell. The load ce11 held the sample pan and an empty reference pan. 

The load ce11 was equipped with liquid nitrogen circulation and the scanning temperature 

range was -35°C to 5°C. At the beginning of each scan the cooling head instantly lowered 

sample temperatures to -3S°C followed by controlled heating at Z°C/minute. The same 

heating rate was used by Goff et al. (1993) in îheir investigation of the low temperature 

stability of ice cream. For the freeze-thaw stability tests, after the initial scan was 
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complete two subsequent scans were conducted without re-loading fiesh sample. Thus 

each of the samples used for fieeze-thaw analysis were melted and re-fiozen three times. 

Melting endotherms fiom the DSC experùnents were analysed using the Perkin-Elmer 7 

Series Thermal Analysis System. The melting values examined were peak temperature, 

AH and onset temperature. 

4 3  Data Analysis 

Two process trials were conducted for each treatment sample. The data fiom the 

two process trials for evaluation of continuous fieezing, hardening and melting, were 

treated as duplicate trials as there were significant interactions between trial and 

treatment. Unlike the samples prepared for sensory testuig, experimental error attributed 

to the modified starch used for both trials was negligible as the same supply of starch 

was used for all samples. The continuous fieezing average drawing temperatures and 

flow rates, hardening time and the DSC values of enthaipy (AH), peak temperature and 

onset temperature, were analysed statisticdly usïng the Number Cmching Statistical 

Analysis software (J. L. Hintze Co., Kaysville, Utah, 1987). The melting tirne- 

temperature profiles, £ieeze-thaw stability and apparent thermal diffisivity, were not 

analysed statisticaily because of experimental error that occurred due to inadvertent 

environmental conditions. 

For product fkeezing calculations the following average frozen product densities 

in kg/m3 were used; 532.8 for regular fat, 537.3 for light, 544.4 for low fat and 557.2 for 

fat free. The average fiozen product densities were based on the weight of the 2 L 
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containers used. The assumptions for calculations pertaining to the apparent thermal 

difhivity were as follows: 1) for temperatures below zero the thermal conductivity of 

water was assumed constant at 0.57 W/m°C; 2) the specific heat of ash was assumed to 

be zero; and 3) the afiorementioned densities were assurned to be constant over the entire 

hardening period The caiculation of thermal difbivity followed the guidelines of 

Heldman (1992). 



4.4 Results and Discussion 

4.4.1 Continuous freezing 

Goff and Sahagian (1996) stated that the initiai fieezing temperature of ice cream 

mix is normally about -2S°C. During the initial freezing of ice cream mixes (Figure 4.6) 

the nurnerous plateau5 noted in the tirne-temperature profile between -lS°C and -3.0°C 

and the change in slope starhg at -1.5"C provide an indication tbat initiai fieezing points 

for treatment samples were in the prolamity stated by Goff and Sahagian (1996). During 

the work of Everington (199 l), specific drawing temperatures during continuous fieezing 

were achieved through manipulation of controls, however, in the present research 

drawing temperature was not purposely varied. The controls available to influence the 

process of continuous fieezing are dasher speed, air intake and back pressure on the 

Ekeezer barrel. The semiigs selected for dasher speed, air intake and back 

pressure(secîion 3.2. l), were typical of those used for a continuous fieezer operating at 

approximately 75% capacity and freezing a regular fat ice cream mix to 100% overrun 

Thus, to detennine if the treatrnent ice cream mixes would react difTerently during 

continuous freezing, the controls were not adjusted and temperature data derived on this 

basis was a reflection of ice cream mix composition. 

From the time-temperature patterns observed during continuous freezing (Figure 

4.6), it is clear that ice cream of varied fat content can display different initial freezing 

properties. Of particular interest were the sudden decreases in temperature followed by 

small increases in temperature at 5.5,3.5,4.2 and 4.2 minutes for fat fiee, low fat, light 

and regular samples respectively. The fat fiee sample at 5.5 minutes showed the most 
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affect. It is possible that these themal events represented significant points of 

crystallization followed by a partial release of latent heat. The numerous temperature 

fluctuations noted during the early stages of continuous fieezing may signifjf nucleation 

since the enthalpy associated with the formation of molecular clusters of sufficient size 

to become stable nuclei is then released in the form of latent heat (Goff and SahagÎan, 

1996). It therefore appearç that the modified starch fat replacer aitered the initial ice 

crystdlization processes. This, in theory, should affect the ice cream structure formed 

during manufacture and therefore the nnal product texture. Once steady-state continuous 

fkeezing conditions were established at the 7 minute mark the average drawing 

temperature decreased as fat levels decreased although only the reguiar fat sarnple 

showed a statistically significant ciifference (Table 4.2). 

According to Farrall(1980), a typicd commercial continuous fieezer drawing 

regdar fat ice cream at -5°C and 100% ove- will have a throughput of approximately 

165 gallons or approximately 580 kg of ice cream per hour. Even though these values 

greatly exceed the capacity of the keezing equipment used in the present study, this 

parameter was evaluated to demonstrate how ice cream mix composition might afYect the 

flow rate of semi-&ozen ice cream. 



Figure 4.6: Cornparison of continuous freezing time-temperature profiles at the 
initiation of fieezing for ice cream of varied fat content- 

fat free 
- 
low fat - 

O 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
Time (min.) 

The importance of steady state drawing temperatures, fiom a process economics 

perspective, is related to the renigeration required to remove heat t?om mixes at different 

drawing temperatures. Marshall and Arbuckle (1996), listed the refiigeration 

requirements during the continuous freezing of full fat ice cream at 444°C and -5.56"C 

as being 25.00 kcalkg and 30.83 kcalkg of mix, respectively. Hence, even a change in 

drawing temperature of 1°C can represent an increase in energy requirements for 

refngeration of 5 kcaVkg of mix. 



Table 4.2: Average steady-state drawing temperatures during continuous freezing of 
ice cream samples. 

Sample average 
drawing temp. (OC)' 

standard 
deviation 

fat f?ee 

Iow fat 

iight 

reguiar 

values within a column with no common letter are sigmfïc&tly different (P< 0.05) 

Another important operational factor in ice cream production is the capacity of 

the continuous fieezers being used. Continuous freezer capacities can range fiom 100 

Yhour to over 3800 Lmour (Marshall, 1996). Flow rate data analysis showed a 

significant effect and a significant interaction between samples and trials. Statistically, 

the difference of 5 kg ice cream per hour observed between the fat fiee and regular ice 

cream was significant (Table 4.3). 



Table 4.3: Cornparison of flow rate data during continuous fieezing. 

Sample flow rate (kg ice cream/hour) standard 
error 

trial 1 trial 2 

regular fat 

iight 

low fat 

fat fkee 

standard erro r 

values within a column with no common letter significantly differ (P< 0.05). 
values withui a row with no common letter significantly ciiffer (Pc 0.05). 

The fat fÎee samples displayed the lowest flow rate and light samples the highest 

in both trials. The continuous freezer operating parameters of rotor speed and back 

pressure outlined in the manufacture of ice cream (section 3.2.1) were selected to allow 

for cornparison of fieezing properties of each sample as opposed to being chosen to best 

suit each sample independently. It is also noteworthy that seldom will two continuous 

freezers display similar behaviour with regard to the fieezing of ice cream mixes 

(Jimenez-Flores et al., 1993). As well, freezer operators will often rnake changes to 

parameters depending on how their freezers handIe a mix. Thus, the values presented in 

Table 4.3 are not appropriate for c o m ~ s o n  to 80w rate values of other freezers. 

The higher the solids content of ice cream mk, the lower the amount of water 

that will be converted to ice during continuous freezing. Even a difference in solids 

content of between 36% to 38% can affect texture control (Everington, 199 1). Texture 
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may be affecteci because ice cream mixes containùig different levels of water may fieeze 

difEerently due to the size distribution of ice crystals. Thus, the lower levels of solids 

present in the fat fiee samples (Table 4.1) would contribute to a higher semi-solid ice 

cream viscosity because more water will be available to crystallize out of solution. As ice 

crystals form, the solids concentration and the viscosity of the mfkozen senmi phase 

increases within the âeezing barrel. Hence, the flow rate wdi decrease d e s s  more 

energy is supplied from the equipment. Ice cream mixes containing regular levels of fat 

would require les  energy h m  the equipment compared to a mix of less than regdar fat 

This is because a fatty film will form along the fieezer barrer wail when fieezing regular 

fat mix. For mixes of lowered levels fat levels, an aqueous film can form at the heat 

exchange surface which would increase the resistance to the dasher blades since freezing 

between the blades and the surface can occur. For non-regular fat samples, a relationship 

may exist between the lower average drawing temperatures (Table 4.2) and the lower 

flow rates noted during continuous fieeaing (Table 4.3). 

4.4.2 Hardening and melting 

4.4.2.1 Hardening 

Some experimentd error occurred during the hardening analysis because the 

product load within the freezer could not be held constant throughout the study. In a 

hardening room of small dimensions and only one source of cooling air the impact of 

altered air flow patterns due to a changing freezer load is magnified. Therefore, only data 

fiom boxes in the top crates were considered representative since considerable 
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temperature variation was noted in boxes positioned in the middle crates of each stack. 

Accurate comparison of hardening profiles was difficult because temperature data could 

not be recorded during hardening until continuous fkeezing was complete. Hence, the 

cooling of samples within a process trial could not be monitored from the same starting 

temperature and t h e  which is essential for legitimate cornparison of cooling rates. In 

such cases, statistical analysis for cornparisons between products would not be valid 

Aside nom the experimental shortcornings, the observations and discussion of cooling 

patterns during the hardening of samples is worthwhile. 

Figures 4.7 and 4.8 contain data collected during the hardening of boxes located 

in two stacks fiom two separate process trials. For the 2 L boxes in process trial 1 (Figure 

4 3 ,  the cooling pattern for the regular fat ice cream differed greatly nom ice cream of 

al1 other fat levels. Similar patterns were noticed for processing trial 2 (Figure 4.8). As 

pure components, the thermal conductivity of water (0.60 1 W/me°C at 20°C) is 

approximately 3.5 times greater than that of fat (0.176 W/me°C at 20°C ), (Choi and 

Okos, 1986). However, greater rates of heat transfer for ice cream of lower fat levels in 

comparison to regular fat ice cream should not be assumed. This is because the aqueous 

phase of frozen ice cream is not pure water or pure ice; it is an extremeiy high viscosity 

mixture of dissolved sugan and macromolecules. 

The ovemm of samples was not viewed as a significant variable (Table 4. l), 

hence based on thermal conductivity alone, the regular fat samples were expected to 

require more time to reach -1 8°C. This was not the case (Figure 4.7).The viscosity of the 

unfrozen phase is most likely a critical factor. In regular fat samples the unfiozen phase 
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viscosity is expected to be the lowest due to the absence of a modified starch fat replacer. 

It is likely that the higher unfkozen phase viscosity of samples containing the fat replacer 

contnbuted to the slower rates of cooling noticed for al1 non-regular fat samples. 

Figure 4.7: Hardening time-temperature profiles for ice cream in 2 L papa board 
boxes from processing trial 1. 

-35 ! I I t I I 
I 1 I I 1 4 

O 150 300 450 600 750 900 
fime (min) 

- Regular - LigM - Low fat - Fat free 

Freezer load may parîially explain the differences between process trials because reduced 

fat ice crearn samples from process trial 1 required between 325 to 375 minutes to reach 

- 18°C (Figure 4.7) whereas 600 to 650 minutes was required to reach the same 

temperature during process trial 2 (Figure 4.8) when the load in the hardening room was 

considerably higher. 



Figure 4.8: Hardening time-temperature profiles for ice cream in 2 L papa board 
boxes in the top-center position from processirtg trial 2. 

O 150 300 450 600 750 900 
Tirne (min) 

- Regular- Light - Low fat - Fat free 

The hardening profiles for ice cream packaged in plastic 10 L cylinders were 

different from the profiles for ice cream packaged in stacked papa board 2 L boxes 

(Figures 4.9 and 4.10). The most notable Merence was for the regular fat samples. For 2 

L boxes there was a clear distinction between regular fat and lower fat ice cream samples 

but this was not the case for ice cream packaged in the 10 L cylinders. The velocity of 

cooling air around packaged ice cream is a critical factor during hardening (Marshall and 

Arbuckle, 1 996). The air velocity recorded inside the waik-in hardening chamber was 

measured within the maximum air stream. Thus, the cylinders did not receive the 

convective benefit that boxes positioned in the top crates did. The shape of container and 

location in proximity to the cooling air stream were important factors because in the 

boxes, regular fat samples reached -18°C in under 200 minutes (Figure 4.7 and 4.8), 



whereas the same product packaged in the cylindee required a maximum of  

approximately 425 minutes (Figures 4.9 and 4.10). Overall, despite the experimental 

inconsistencies it is clear that the level of  fat in ice cream, the type of  packaging and the 

location of  packages within a hardening chamber are factors that influence the shape of 

time-temperature profiles during ice cream hardening. 

Figure 4.9: Hardening time-temperature profiles for ice cream in cylinders fiom 
processing trial 1. 

O 1 O0 200 300 400 500 600 
Time (min.) - regular- Iight -- Iow fat - fat free 



Figure 4.10: Hardening time-temperature profiles for ice crearn in cylinders frorn 
processing trial 2. 
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4.4.2.2 Melting 

Few differences were noticed in the melting tirne-temperature profiles for ice 

cream packaged in both the boxes and cylinders (Figures 4.11 through 4.14). Of interest 

is that the fact that the effect of package type and location noted during hardening was 

not as evident during melting. The hardening profiles for 2 L boxes (Figures 4.7 and 4.8) 

showed regular fat samples as being more rapidly cooled compared to samples of lower 

fat levels, this was not noted during the melting analysis since all samples displayed 

similar tirne-temperature patterns (Figures 4.1 1 through 4.14). The highly controlled 

testing environment for the melting analysis in cornparison to the hardening tests, 

probably had a strong intluence on the results. 

Figure 4.1 1: Time-temperature profiles during the wanning of ice cream packaged in 2 
L paper board boxes during process trial 1. 

CF"" ' 
8 

O 50 IO0 150 200 250 
Time (min.) @ 21+/-1 C 

- fat free - low fat - light - regular 



Figure 4.12: Time-temperature profiles during the wamiüig of ice cream packaged in 2 
L paper board boxes during process tnai 2. 
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Figure 4-13: Time-temperature profiles during the warming of ice crearn packaged in 
10 L cylinden during process trial 1. 
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Figure 4.14: Time-temperature profiles during the wamiing of ice cream packaged in 
10 L cylinders during process trial 2. 

O 50 1 O0 150 200 250 300 350 
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Unlike the warming time-temperature profiles, differences in melting behavior 

were found when the rate of meltdown was evaluated by weight vs tirne. This is related 

to the fact that the tirne-weight measurements are dependent on the physical-chemical 

properties of the ice cream whereas the time-temperature measurements reflect 

thermodynamic properties. Also, in cornparison to the hardening evaluations, the melting 

analysis benefitted nom a much more controlled testhg environment and therefore much 

tess experimental error. 

In Figures 4.15 and 4.16 it is clear that fat free and low fat had similar melting 

rates but these differed from the light and regular fat samples which melted more slowly. 
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It was apparent that the level of milk fat had a direct affect on the rate of meltdown with 

the biggest difference occurring between the level of approxirnately 2.5% and 5% milk 

fat. The milk fat appeared to act as an adhesive within the structure of ice cream in that 

as the structure collapsed durhg meltdown the serum phase of ice cream was not readily 

released as was ofien the case in fat reduced ice cream products. This was particularly 

evident nom visual observation where for regdar fat samples, melted ice cream was 

released £tom the screen (4.2.3) intermïttently in large clumps anci, in behveen the 

release of large clumps, small drops of s e m  were released For fat free, low fat and to a 

lesser extent light, this was not the case and meltdown occuried in a more linear fashion. 

It wodd appear as though for regular fat samples there was a clear distinction between 

the dispersed phase containing milk fat and the continuous serum phase. This was not 

observed during the meltdown of samples containing the fat replacer which implied that 

there was a closer association between milk fat and the aqueous serum phase. To further 

explore this observation, testing for fat in the rnelted serum and the un-melted semi-solid 

ice cream wodd be required. 



Figure 4.15: Average melting rate cornparison for ice cream in 2 L paper board boxes 
hardened in the topcenter stack positions during process trial 1. 
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Figure 4.16: Average melting rate cornparison for ice cream in 2 L paper board boxes 
hardened in the topcenter stack positions during process trial 2. 
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Overail, the melting rate of fat fiee samples was viewed as similar to that of the 

low fat samples (Figures 4.15 and 4.16). However, under the conditions used for 

evduation, the modified starch in the low fat samples was not effective in matching the 

melting behavior of the light samples. The melting behavior of light samples closely 

resembled that of the regular fat (Figures 4.15 and 4.16). According to the defects of 

rnelting quality illustrated by Marshall and Arbuckle (1996), the quality of the non- 

regular fat samples of this study can be described as somewhere between a foamy melt 

and a melt for which there is little or no criticism although the melt of fat f?ee samples 

may also be classified as of low viscosity. Foamy melting qudity is evident when large 

air bubbles do not collapse as the product melts and this is often attributed to highly 

surface-active mix constituents effective in maintainhg a stabile foam (Marshall and 

Arbuckle, 1996). The latter authoa referred to emulsifiers and egg yoik solids as 

examples of such surface-active components but it is conceivable that in our study the 

modified starch was the component contributhg most to the stable foam noticed during 

meItdown, 

4-43 DSC Testing 

The g l a s  transition temperature (Tgr) for a concentrated fiozen product solution 

such as ice cream may range between -23°C to -43°C (Levine and Slade, 1990). Goff et 

al. (1993) also noted significant transition temperatures in ice cream at approximately - 
30°C. Currently, researchers are uncertain whether these transitions represented a tnie 

glas  transition or simply the onset of melting. If it is the Laer, then maintainhg storage 
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temperatures below -35°C to achieve the glassy state is not necessary. The transitions 

noted by the above researchers were not detected in the samples tested during this study. 

For omet melting temperatures, the fat fiee samples of both trials were 

significantly lower than dl other samples of higher fat content (Table 4.4) and even 

though the peak melting temperatures of the low fat samples were also the lowest, they 

were determined to be statisticalfy similar to the light samples for both mals. 

For AH, the low fat samples of both trials had significantly higher values than al1 

other treatment samples. Greater AH values rnean that more energy was absorbed by a 

sample for the physical structure of the sample to Mly collapse and melt. Thus, it is 

possible that the concentration of fat in low fat ice cream permitted optimal interaction 

with the rnodified starch to yield a more stable crystallized ice cream stmctute in 

cornparison with other levels of fat. It c m  be postulated that the structural stability of ice 

cream containing modified starch as a fat replacer will be highly dependent on the level 

of fat and possibly involve the interaction among the fat, modified starch and ice crystals. 

Overall, relationships between the onset of melting, peak melting temperature and AH 

values, were not strong. 

Temperatures associated with melting as determined by DSC analysis (Table 4.4) 

and the initial fieezing patterns of samples (Figure 4.6) are not comparable because the 

agitation that occurs during continuous freezing does not occur during DSC analysis. The 

rapid agitation of continuous freezing enhances heterogeneous nucleation (Goff and 

Sahagian, 1996). Thus, an earlier release of latent heat is expected during agitated 

freezing tests as opposed to non-agitated fieezing tests such as the DSC tests. 



Table 4.4: Onset and peak melting temperatures and enthalpy (AH) of ice cream 
samples as determined by low temperature DSC. 

Samples Trial 1 Trial 2 

Omet Peak AH Onset Peak AH 

low fat -8.27 b -4.05 c 85.32 c -8.99 b -4.34 b 80.68 c 

light -8.3 1 b -4.86 ab 62.46 b -8.34 c -5.03 a 61.98 a 

regular fat -8.28 b -4.67 b 64.24 b -8.30 c 4-43 b 68.63 b 

standard error 0.105 0.084 1 .O4 O. 107 O. 135 1.6 

values within a column with no cornmon letter, significantly differ @=0*05) 

Figure 4.17: DSC assessrnent of fieeze-thaw stability for samples prepared during 
sensory trial 1. 

ffsl Ifs1 lsl ifs1 
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To evaiuate fieeze-thaw stability the percent change in melting enthalpy upon repeated 

DSC scanning of samples - without the use of fiesh sample for each scan - was assessed 

The melthg enthalpy values are expected to decrease upon repeated freezing and 

thawing because after a sample is melted it will not re-fieeze to its original crystalline 

structure. The sarnple is likely to re-fieeze into a less structured crystalline network 

where less heat absorption is required for melting In theory, samples which show littie 

change in enthalpy upon repeated melting and re-fkeezing during DSC tests may also be 

stable against the temperature fluctuations during distniution and retail storage. 

For 1, singie fieeze thaw cycles for the low fat szimples show greater change 

in enthalpy than regular fat but the reverse was tme afler three fieeze-thaw cycles (Figure 

4.17). After three freeze-thaw cycles, the enthalpies for the reduced fat samples were 

sirnilar although there were differences during the fist two cycles. For trial 2 samples 

(Figure 4.18) the reduced fat samples showed less change than the regular fat samples 

after two fkeeze-thaw cycles however the reverse was true after three cycles. This 

evduation technique did not seem to supply information valuable in predicting 

sensitivity to temperature fluctuations. 



Figure 4.18: DSC assessrnent of fieeze-thaw stability for samples prepared during 
sensory trial 2. 

freeze-thaw cycle 

4.4.4 Apparent Thermal Diffusivity of Ice Cream during Eardening 

The thermal properties of ice cream products are important to manufacturers in 

terms of end product quality and process energy expenditure. From a quality perspective, 

if fat reduced ice cream products have different thermal properties from regular fat 

products, the textures of the products will be different. For example, if fat reduced 

products take longer to fkeeze, a coarse texture can develop during hardening and 

storage due to the growth of larger ice crystals. Process energy expenditure is important 

because for every extra unit of time that a fat reduced product requires to be lowered to a 
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certain temperature, as compared to a regular fat product, the more energy that must be 

supplied to the cooling system responsible for the lowering of temperatures. 

Thermal diffisivity is a thermal property which encornpasses several critical 

properties which affect the fieezïng of ice cream. Propexties which include product 

density, thermal conductivity and specific heat The thermal conductivity (k) of a product 

provides, in quantitative terrns, the rate at which heat will be conducted through a unit 

thickness of product and is thus described in Us-m°C or W/mPC (Singh and Heldman, 

1993). The thermal diffusivity (a)of a food materid is a function ofits thermal 

conductivity, density (p) and specific heat (Cd because a = R / p * C, and is expressed in 

m24. 

Clearly, p is an important factor and any conditions which rnay increase product 

p, such as lowenng the fat content of a product, would be expected to decrease a. The 

average fiozen product densities (Section 4.2) increased as the level of fat in 

formulations decreased. However, despite having the lowest density, the calculations did 

not demonstrate regdar fat ice cream as being the most thermally diaise substance 

(Figure 4.19). This may be related to the fact that al1 of the physical and thermal 

properties ut ice cream cm not be completely accounted for when deriving information 

on a semi-empirical basis. Relatively accurate estimates of the thermal properties of pure 

substances çuch as carbohydrate, protein, water, ice and air - al1 of which are ice cream 

components - are widespread in the food engineering Iiterature. However, M e  

information exists to provide a basis for assumptions on the thermal properties of the 

highly heterogeneous and concentrated unfiozen phase of ice cream. The unfiozen phase, 
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which in itself is a diverse mixture of pure substances, is extremely viscous at low 

temperatures which makes assurnptions on its thermal properties difficult to develop. 

The complexity of the unfiozen phase in ice cream is probably an important factor 

contnbuting to poor correlations between calcdated thermal properties and expected 

resdts. Overall, if thermal diffusivity was detemined using a more nonempirical 

technique then the unexpected low diffusivity of the regdar fat ice cream couid be 

vaiidated. 

Factors which affect the p and therefore the a of fiozen ice cream as well are air 

content or ovemin and the ratio of water to ice. The a of air is 1 -9* 1 O-' and the cl of 

water is 1.4*10" m2*s" (Hayhurst, 1997). Thus, differences in o v e m  between samples 

(Table 4.1) would be expected to alter a to a greater extent than differences in water 

content. The water to ice ratio, however, is also a factor because the cc of ice is 

approximately 9 times greater than the a of water (Franks, 1985). The differences in 

ovemin did not appear to affect the calculated values for apparent thermal diffusivity 

(ad of treatment samples during hardening (Figure 4.19). 

From drawing temperatures to approximately -17.S°C at the geomeûic center, al1 

samples displayed similar patterns of increasing a, with decreasing product temperature 

(Figure 4.19). At temperatures below approximately -17S°C the aA of low fat samples 

began to increase at a greater rate in cornparison to other samples. 



Figure 4.19: Apparent thermal diffusivity of ice cream during the hardening of samples 
eorn process trials 1 and 2 combined- 

Co- s 
E8.OE-04 
V 

Temperature (C) 

-*- Regular- Light -F- Low fat ++ Fat free 
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5 SUMRlARY AND CONCLUSION 

Based on the sensory data it is clear that a light ice cream that is equivalent to 

reguiar fat ice cream c m  be prepared using modified pea starch to replace the fat. While 

low fat or fat fiee ice creams were viewed to have similar properties, some of the 

attributes evaluated indicated there were differences between these two samples and the 

regular and light samples. This was particularly tme for smoothness and mouth coating. 

In cornparisons of the light ice creams to the low fat and fat fiee samples, similarities for 

the coldness, f imess ,  viscosity (trial 2) and smoothness, were demonstrated. Despite 

the similarities, the low fat and fat fiee ice creams did not reach the overd textural 

quality of the light ice cream. Differences in fïrmness and viscosity were dependent on 

the trial in that al1 samples in trial 1 had similar firrrmess values and al1 samples in trial 2 

had similar viscosity data Also for trial 2, the firmness of the low fat and fat fiee ice 

creams were similar to the light ice cream but different from the regular fat. 

Instrumental f imess  values also supported the conclusion that the light and 

regular fat samples were similar. Instrumental viscosity measurements were sufficiently 

sensitive to detect differences not noticeable to the trained panel. While the single point 

apparent viscosity data showed no trend in relation to the fat content, the consistency 

coefficients for samples with reduced fat content decreased with decreasing levels of fat- 

This would suggest that the factors contributing the viscosity are altered when the 

modified starch is included so that the influence of fat content is different îrom that in 

the regular fat sample. 
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For the continuous freezing properties, drawing temperatures and flow rates, the 

fat reduced samples were generally found to be similar to the regular fat ice crearn. 

Interestingiy, the light ice cream mixes demonstrated greater flow rates than the regular 

fat mixes during continuous fieezing. Similar to the findings fiom both the sensory and 

instrumental texture analysis, the continuous fieezing properties of fat fiee ice cream 

were not comparable to ice creams of higher fat content. 

The time-temperature hardedg profiles for 2 L boxes indicated that reegular fat 

samples cooled at a more rapid rate thao ail other fat levels with light, low fat and fat 

fkee, each being viewed has having similar hardening patterns. The 10 L cylinder t h e -  

temperature profiles did not indicate regular fat ice cream to have a distinctly more rapid 

rate of cooling as was the case for the 2 L boxes. Clearly, factors other than ice crearn 

composition played a significant role. Factors such as the package material and package 

dimensions undoubtedly contributed to the merences but likely of greater significance 

was the differences between package position within the hardening room in relation to 

the cooling air stream. 

The melting properties as evaluated by the weight of melted ice cream vs time 

indicated that light ice cream was similar to the melting of regular fat ice cream than 

were the low fat and fat free ice creams for both process trials. The fat fiee ice creams 

were viewed as having melting properties comparable to low fat but not to the light or 

regular fat sarnples. The DSC findings for AH, onset and peak melting temperatures, did 

not show the same distinction of fat fiee and low fat nom light and regular fat although 

some similarities were determined between the respective ice creams. The only 
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consistent finding between the two process trials was that in both cases the fat free ice 

crearns were determined to have the Lowest omet melting temperatures. The fieeze-thaw 

anaiysis using DSC was largely inconclusive as to which samples might display the most 

stability although for both process trials the fat free samples demonstrated cornparahvely 

low percent changes in enthalpy. 

The findings for thermal diffisivity did not appear to relate well to other freezing 

or rnelting results. It is probable that ciifferences in the dimivity of ice creams of varied 

fat content are only noticeable when very low temperatures are reached Not until the 

temperatures at the geometric center of containers were befow -1 8°C did differences 

between the diffusivity of ice creams and light ice cream in particular, appear evident 

Difficulty in measurùig the thermal properties of the d o z e n  phase of ice cream at low 

temperatures and hence the Iack of information from which assumptions can be based, 

were also detriments to generating accurate comparisom for dihivity.  

ûverall, the research objectives fulNled during th is  study were as follows. First, a 

sensory ballot for descriptive analysis of new and complex ice creams was developed and 

effectively utilized Second, a modified starch fat replacer in Iight ice cream prepared 

under commercial-like process conditions was demonstrated to closely rnimic the 

properties of regular fat ice crearn during sensory, instrumental, freezing and melting 

analysis. Clearly, the ability to produce an ice cream with a reduced level of fat has been 

established but to generate a product that gives consistently good results with a fat 

content of less than 5%, requires M e r  experimentation. 
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APPENDLX 1 

Subrnission for Ethical Review of Research Involving Human Subjects 

Title: 

D. Aime (graduate student), Dept. of Food Science; L. Maicolmson, D. Ryland, 
Department of Foods and Nutrition. 

Pumose: 

To evaluate the flavor and texhird quality of fat reduced ice cream products. 

Subiects: 

A group of 10-12 people will be selected for training. 

isks- Benefits and Remuneration: 

Ice cream samples of varying formulations wiil be evaluated for flavor and textural 
attributes. Subjects wi11 be screened using a questionnaire to determine if they have any food 
allergies, food biases or if they are currently taking any medication which may influence their 
judgements. If for any of these reasons, subjects have to be eliminated from the panel, they will 
be notified in writing stating their unsuitability for participation in this particular study but will 
be invited to reply to future requests for panelists. 

Panelists will benefit from this project by gaining skills in the area of sensory evaluation. 
Specifically, panelists will leam about f'iavor and texture discrimination techniques and 
protocols, and their abilities to make such judgements. Panelists will be rewarded with a $20 gift 
certificate after al1 of the sessions have been completed. 

6. Procedures: 

Preliminary: A letter with an explanation of the study (enclosed), a consent form 
(enclosed), a quehomaire (enclosed), and a tirnetable will be mailed to potential panelists in 
the Faculty of Human Ecoloa and other interested individuals. 

Training: Panelists will undergo a training penod which will involve: assessment of 
identificckexture standards, direction and discussion on the protocol of texture and fl avor 
evaluation, and agreement, through discussion, on different ice cream attributes and practice in 
judging the intensity of these coded samples. A minimum of seven 30 minute sessions wiil be 
required. 



Testing: In each test session, the  trained panelists will r v d  uate the intensities of 
attributes in a maximum of four ice cream sarnples. Panelists' resuits will be repiicatrd and 2-4 
test sessions will be required. The test site will be the cornputrrized Geoge Weston Limited 
Sensory and Food Research Center in room 400 of the Human Ecology building. 

7. Procedure to obtain consent: 

Wriîten consent will be obtained prior to training 

Confidentiat ity: 

Participants will be asked to sign a consent fom which assures confidentiality. During 
training, the protocol involves persona1 dedaration of scores in round-table discussions to reach 
consensus on methods of testing on standards and reference sarnples, and on the distinction 
among possible amibutes. Results from the study will be çiven as mean values and will not be 
reported by individuals' names nor will names be associated wïth the results. AI1 data are 
retained in a locked filing cabinet in the laboratoty with limited access. 



Panel ist Ouestionnaire 
Ice Cream Evaluation 

THIS IN.ORh44 T'UN WtLL REAU IN STRICT/, Y C'ONIWli..IT/AL 

Name: 

1, Have you participated on sensory evaluation panels before? 

Y=- No__, I f  Yes, 

a) What product(s) did you evaluate? 

b) Was training part of the evaiuation procedure? 

Yes No If Yes, please indicate for which~product(s). 

2. Are you dlergic to any food products? 

Yes No - If Yes, please note them below. 

3. Are there any foods specifically, or food flavors generally that you prefer not to evaluate? 

Do you take any medications which affect your senses? 

Yes NO - 
Do you have any dental work that may affect your ability 

Yes No - 
texture? 

Do you expect to be away for two or more consecutive weekdays prior to April30/96? 

Yes No If Yes, please list them. 



TO: G. Sevenhuysen, Chair, Ethics Cornmittee 

FROM: L. Malc01mson, Foods & Nutrition Department 

DATE: Aprii 1, 1996 

SUlBJECX Ethics Approval - Sensory Evaluation of Fat Reduced Ice Cream 

Further to your memo of March 29th, please -be advised that we have made the following 
changes as requested by the cornmittee: 

1. The foliowing sentence has been added to the consent form: 

"Individual results declared during training wiil be  kept confidential." 

In the conildentiaiity section of the proposal, the staternent "AU dam are retained in a 
locked Ning cabinet in the laboratory with limited access." has been changed to "AU data 
are retained in a locked Ning cabinet in the laboratory with limited access by only the 
researchers. " 

cc. D. Aime, Food Science 
D. Ryland 



DATE: 

TO: 

FROM: 

RE: 

Dr. L Maicolmson, Foods and Nutrition 

G. P. Sevenhuysen, Chair Ethics Review Cornmittee wG 

Ethics Aeview: Sensory evaluation of fat reduced ice crearn products, 
O. Aime and L. Makolmson. 

The Ethics Cornmittee has reviewed Me pfoposed research procedures you subrnitted on 22 
March 96 and the update you provided on 1 April 96. The procedures meet ethicai guidefines 
and the Cornmittee approves the research procedures. 



CONSENT FORM 

1 agree ta take part in the sensory evaluatioh of ice cream products which involves 
assessing their textufal and flavor properties. Additional products may be assessed if 
found useful in descfibing the sensory properties of the ice cream samples. 

1 understand that this study will take place over a 1 month period and that remuneration 
*il only be granted upon completion of Vie nntjre testing period. 

I understand that results generated from this study will not be reported by individuals' 
names nor will any narnes be associated with the results. Any personal data will remain 
stridly confidentiai and will be destroyed upon completion of the thesis. 

I agree to keep confidential the individual results that participants will declare during 
training. 

I also understand that 1 am free to wiihdraw from the study provided that I notify the 
experimenter. 

Name (please print) 

Signature 

Date 

Daytime Telephone Number 

University Address 



APPENDIX 5 

Table SA. 1 : Analysis of variance for coldness (process trial 1). 

source of df SS MS 
variation 

caiculated tabdar 
(P<1=0.01) (p+O.Ol) 

total 71 268.70 

replication 1 0.35 0.35 O. 10 7.44 

Table 5A2: Analysis of variance for finnness (process triai 1). 

source of df SS MS 
variation 

calculated tabular 

total 71 427.24 

replication 1 4.20 4.20 1 .O2 7.44 
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Table SA3 : Anaiysis of variance for viscosity (process triai 1). 

source of df SS MS 
variation 

calcul ated tabular 
(P<1=0.0 1)  (p<!=O.O 1) 

total 71 349.20 

treatments 3 1 17.33 39.1 1 13-59 4.4 1 

35 100.75 2.88 error 

Table 5A.4: Analysis of variance for smoothness (process trial 1). 

source of df SS MS 
variation 

calcdated tabular 

total 71 563.15 

treatments 3 289.4 1 96.47 36.32 4.4 1 

replication 1 0.00 0.00 0.00 7.44 

error 35 92.96 2.66 



Table 5A-5: Analysis of variance for mouth coating (process trial 1). 

source o f  
variation 

calculated îabuiar 
@4=0.0 1) (p</=o.o 1) 

total 71 397.16 

treatrnents 3 99.37 33.12 10.83 4.4 1 

panelists 8 113.37 14.17 4.63 3.08 

replication 1 0.3 1 0.3 1 O. 10 7.44 

tr X P 24 77.02 3.21 1.05 2.38 

error 35 107.09 3.06 

Table SA.6: Analysis of variance for coldness (process trial 2). 

source of df SS MS 
variation 

calculated tabular 
@4=0.0 1) (p-d=O.o 1) 

total - 71 363.56 

treatments 3 15.53 5.18 1.83 4.4 1 

replication 1 3 -56 3.56 1.26 7.44 



Table 5A.7: Analysis of variance for firmness (process trial 2) . 

source of 
variation 

calculated tabular 
(p-4-0.0 1) (p</=O.o 1) 

total 71 500-56 

treatments 3 148.46 49.49 8.96 4.4 1 

panelists 8 46-43 5.80 1 .O5 3.08 

replication 1 4.2 1 4.2 1 0.76 7.44 

@XP 24 108-06 4.50 0.8 1 2.3 8 

35 193.40 error 5.53 

Table 5A.8: Analysis of variance for viscosity (process trial 2). 

source of 
variation 

caiculated tabular 
(p</=O.O 1) (p-d=O.O 1) 

total 71 382.54 

treatments 3 75.14 25.05 5-71 4.4 1 

panelists 8 53.37 6.67 1.52 3.08 

replication 1 0.50 0.50 0.11 7.44 

b x P  24 99.92 4.16 0.95 2.38 

emr  35 153.61 4.39 



Table 5A.9: Analysis of variance for smoothness (process trial 2). 

source of df SS - MS 
variation 

caiculated tabuiar 
@-=/=a0 1) @-=/=O-O 1) 

-- -- 

total 71 434.72 

treatments 3 74.59 24.86 7.84 4.41 

panefists 8 10 1.96 12.75 4.02 3.08 

replication 1 1 -42 1.42 0.45 7.44 

tr X P 24 145.77 6.07 1.92 2.38 

emr 35 110.98 3.17 

Table 5A. 10: Analysis of variance for rnouth coating (proces trial 2). 

source of df SS MS 
variation 

total 71 335.15 

treatments 3 83 -40 27.80 14.58 4.4 1 

replication 1 4.55 4.55 2.39 7.44 
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