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Abstract Instrumental analyses were used to evaluate the
rheological properties of regular (10%), reduced-fat (6%) and
low-fat (3%) ice cream mixes and frozen ice creams stored at
¡18 °C. The reduced-fat and low-fat ice creams were prepared using 4% whey protein isolate (WPI) or 4% inulin as
the fat replacement ingredient. The composition, colour,
apparent viscosity, consistency coeYcient, Xow behaviour
index, hardness and melting characteristics were measured.
No eVect of WPI or inulin was obtained on the colour values.
Compared with regular ice cream, WPI changed rheological
properties, resulting in signiWcantly higher apparent viscosities, consistency indices and greater deviations from Newtonian Xow. In addition, both hardness and melting resistance
signiWcantly increased by using WPI in reduced-fat and lowfat ice creams. Inulin also increased the hardness in comparison to regular ice cream, but the products made with inulin
melted signiWcantly faster than the other samples.
Keywords Ice cream · Whey protein isolate · Inulin ·
Rheology · Low-fat · Reduced-fat

Introduction
Recently consumers have directed their interest towards
reduced or low-fat products as they associated them with a
reduced risk of obesity and coronary heart diseases. The consumption of low-fat foods has become a way of life for many
health-conscious people. Typically, ice cream contains 10–
16% fat. But, in recent years, the dairy industry has developed
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a variety of low-fat and fat-free ice cream products [1, 2]. In
Turkish Food Codex, three descriptors were introduced for
fat content in ice cream, i.e. reduced-fat, regular and whole
ice cream [3]. The revision of labelling standards by the Food
and Drug Administration has permitted the use of appealing
names such as reduced-fat, low-fat and non-fat ice creams
for products containing less than 10% milk fat that are targeted at health-conscious consumers [4]. However, quality
aspects in many of these products do not meet consumer
expectations for ice cream. Compared with traditional ice
creams, the low-fat ice creams suVer from low Xavour and
textural quality. Devereux et al. [5] reported that texture was
more important than Xavour in determining overall acceptability of the low-fat foods. Removal of fat causes body and
textural problems such as coarseness and iciness, crumbly
body, shrinkage and Xavour defects [4, 6]. Ice cream manufacturers have made a practice to use milk fat replacers in order to
form products that meet the demands of health-conscious consumers. Accepted fat substitutes for ice cream are made of carbohydrates and proteins, instead of being based on lipid, which
may form lipophilic particles [7]. Whey protein and inulin are
well known fat replacers for reduced-fat foods [2, 8].
Fat replacers based on whey protein have distinctive
properties that can allow them to perform in food in a manner similar to that of fat globules. Nowadays, separation
and other process technologies provide the basis for adding
value to milk through the production of proteins that provide the food industry with ingredients to meet speciWc
needs such as improvement in texture [9, 10]. Whey protein
isolates (WPI) from ion exchange processing, which contain no lactose, are available for blending with other ingredients to provide the non-milk solids (NMS) content and
improve the textural properties desired for ice cream formulations [2]. Recent studies have focused on the eVects of
other whey protein based fat replacers in ice cream such as
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Dairy Lo, Simplesse and Prolo 11. Prolo 11 was found to be
more eVective in improving the texture of non-fat ice cream
[11]. Prindiville et al. [12] reported that Simplesse was
more similar to milk fat than was Dairy Lo in its eVect on
sensory and textural stability of low-fat ice cream.
On the other hand, inulin is widely used in functional
foods throughout the world for their health-promoting and
technological properties. Several commercial grades of inulin are available that have a neutral, clean Xavour and are
used to improve mouthfeel, stability and acceptability of
low-fat foods as a low caloric texturising agent [13, 14].
The characteristics of inulin as a fat mimetic have been
attributed to its ability to bind water molecules and form a
particle gel network [15]. In reduced-fat yog-ice cream, the
addition of inulin resulted in an increase in the viscosity
and hardness [16]. Schaller-Povolny and Smith [17]
reported an increase in the viscosity and decrease in the
freezing point of reduced-fat ice cream containing inulin
and also an improvement in the sensory properties [18].
Little research has been reported on the functionality of
inulin and WPI as a food ingredient in reduced-fat ice
creams in comparison to whole ice cream. There is no study
that compares the eVects of them. Thus, the objective was
to compare the eVects of substitution of milk fat with inulin
or WPI on the rheological characteristics of reduced-fat and
low-fat ice cream.

Materials and methods
Ice cream mix formulation and processing
Ice cream was made with 10, 6 and 3% milk fat to represent
regular, reduced-fat and low-fat ice cream, respectively
(Table 1).

In the production of ice cream, cow’s milk containing
3.5% fat and 2.8% protein was supplied from Ege University, Agricultural Faculty, Menemen Research Farm (Izmir,
Turkey), pasteurized cream containing 35% milk fat and
non-fat milk powder was supplied from PÂnar Dairy Industry (Izmir, Turkey). Other ingredients for ice cream mix
included sucrose and 42 dextrose equivalent (DE) corn
syrup (Cargill, Ãstanbul, Turkey), stabilizer–emulsiWer mixture of Cremodan SE 30 (Danisco AS, Copenhagen, Denmark), inulin (Fibruline XL, molecular weight 3,300,
degree of polymerization >20) (Cosucra AS, Fontenoy,
Belgium) and WPI (BiPRO, min 95% protein comprised of
68–75% -lactoglobulin and 19–25% -lactalbumin,
molecular weight app.16,400) (Davisco Foods International, Inc., Eden Praire, MN, USA).
All ice creams were manufactured in the pilot plant of
Dairy Technology Department, Faculty of Agriculture,
University of Ege. Formulas for the mixes are shown in
Table 1.
Raw milk and cream were weighed in a stainless steel
can, and agitation and heating were started. The thoroughly premixed dry ingredients were then added and
complete incorporation was ensured. When the temperature reached 35 °C, the 42 DE corn syrup was added.
The mixes were batch pasteurized at 75 °C for 30 min
and then cooled in an ice bath to 5 °C. All mixes were
aged at 4 °C for 24 h to ensure complete hydration of all
ingredients. The mixes (2.5 L) were frozen to ¡7 °C in
random order using a batch ice cream freezer (5 L capacity, Ufur, Nazilli, Turkey) for 30 min. The frozen ice
cream was packaged into 150 and 100 mL plastic cups
(50 g ice cream sample was weighed for melting rate),
then placed in a hardening room at ¡18 °C. The experimental treatments were replicated twice for each ice
cream product.

Table 1 Formulation of ice cream mixes containing diVerent levels of fat
Treatmentsa
R (%)

RF-WPI (%)

RF-I (%)

LF-WPI (%)

LF-I (%)

Sucrose

13

13

13

13

13

Corn syrup (42 DEb)

4

4

4

4

4

Milk fat

10

6

6

3

3

Milk solids not fat

11

11

11

11

11

S/E c

0.65

0.65

0.65

0.65

0.65

WPI

–

4

–

4

–

Inulin

–

–

4

Total solids

38.65

38.65

38.65

35.65

35.65

a

4

R regular ice cream containing 10% milk fat, RF-WPI reduced-fat ice cream containing 6% milk fat and whey protein isolate, RF-I reduced-fat
ice cream containing 6% milk fat and inulin, LF-WPI low-fat ice cream containing 3% milk fat and whey protein isolate, LF-I low-fat ice cream
containing 3% milk fat and inulin

b
c

DE dextrose equivalent
S/E commercial stabilizer–emulsiWer blend
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Compositional analyses

Colour

The ice cream samples were analyzed in triplicate for total
solids, protein and fat by forced-draft oven method, macroKjeldahl method and Gerber method, respectively [19].

The colour of ice creams stored at ¡18 °C for 1 month was
measured with a Minolta CR-300 colorimeter (Minolta,
Osaka, Japan). The colorimeter has an 8 mm diameter
viewing area and was calibrated with a white tile
(L* = 97.26, a* = + 0.13, b* = + 1.71). The measurements
were recorded as L* (lightness), +a* (redness), +b* (yellowness) CIE (Commission Internationale de I’Eclairage)
colour co-ordinates. The colour was measured in triplicate
on each sample.

Rheological analyses
The overrun was calculated on a weight basis using a formula described by Marshall et al. [2]. The formula for overrun is as follows: Overrun % = [(weight of unit volume of
mix) ¡ (weight of unit volume of ice cream)]/(weight of
unit volume of ice cream) £ 100.
The apparent viscosity, consistency coeYcients and
Xow behaviour indices were evaluated after 24 h aging
using a BrookWeld DV-I Viscometer (BrookWeld
Engineering Laboratories, Stoughton, Massachussetts,
USA). Samples were tested in triplicate at 4 °C with spindle # 3 except the unfrozen mixes containing WPI that
required spindle # 4. The shear stress of each sample was
measured at rotation speeds of 0.3, 0.6, 1.5, 3, 6, 12, 30
and 60 rpm. Apparent viscosity of each sample was
recorded at 30 rpm. Plots of log shear stress versus log
shear rate were created from each Xow curve. From these
plots calculation of Xow behaviour (n) and consistency
coeYcients (K) values were obtained from the Power Law
model for each mix.
Melting rate was evaluated on ice cream samples stored
at ¡18 °C for 1 month. Melting rate was determined by
carefully cutting the plastic cups from the ice cream samples (preweighed as 50 g), placing the ice cream onto 1 mm
stainless steel mesh over a cup and weighing the amount of
ice cream drained into the cup at 20 § 0.5 °C every 30 min.
The measurements were done in triplicate. Melting rate was
measured as the weight of drip versus time.
Texture measurement
Texture analysis was conducted at room temperature
(20 § 1 °C) using a Texture Analyser (TAXT2, Texture
Tech. Corp., Scarsdale, NY) equipped with a 2.5 cm diameter stainless steel cylindrical probe. Ice cream samples
stored at ¡18 °C for 1 month were tempered to ¡10 °C for
24 h before analysis. The conditions for analysis were as
follows: penetration distance = 15 mm, force = 5.0 g, probe
speed during penetration = 3.3 mm s¡1, probe speed preand postpenetration = 3.0 mm s¡1. The ice cream, which
remained in the plastic cup, was penetrated in two places on
its largest smooth surfaces and four measurements were
recorded for each product. Hardness was measured as the
peak compression force (g) during the penetration of the
sample, and adhesiveness as the negative peak force (g)
during withdrawal.

Statistical analyses
Statistical analyses of the data were performed with the
SPSS Win 9.0 program [20] (SPSS, Release 8 for Windows
SPSS Inc. Chicago, USA). One-way analysis of variance
(ANOVA) ( = 95%) was performed; ice cream mixes or
frozen ice creams were the treatments, and the means were
compared using Duncan’s multiple range test generated by
the general linear procedure (PROC GLM). Correlation
analysis was also performed between consistency coeYcients and apparent viscosity values.

Results and discussion
Chemical analyses of the composition of samples revealed
that in most cases, the targeted fat and total solids levels
were achieved (Table 2). As expected, protein contents of
ice creams containing WPI were signiWcantly higher than
other products (P < 0.05).
Overrun values were low because of the freezing process
that was carried out in a batch type freezer and overrun
ratios varied 20.7–39.2% in ice cream mixes depending on
the composition. There were no signiWcant diVerences
among overrun values of ice creams except that was found
between low-fat sample with WPI and reduced-fat sample
with inulin (P < 0.05). The highest overrun was obtained in
reduced-fat ice cream containing inulin whereas the lowest
in low-fat ice cream with WPI (P < 0.05). YÂlsay et al. [21]
also reported that substitution of a whey protein fat replacer
for milk fat decreased the overrun in low-fat ice cream mix.
There were diVerences (P < 0.05) in viscosity, consistency coeYcient and Xow behaviour index among ice
cream mixes (Table 3). Sharp increases were obtained in
viscosity of ice cream mixes containing WPI in comparison
to regular control sample (P < 0.05). This represents that
the addition of 4% WPI resulted in an excess thickening
and gelation in ice cream mix.
The composition of whey protein fractions that change
depending on the processing methods are reported to inXuence the functionality of WPI. The WPI prepared by ion
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Table 2 Results (mean § SD, n = 2) of compositional properties and overrun in ice cream
Treatmentsa

Total solids (%)

Fat (%)

Protein (%)

Overrun (%)

R

40.0 § 0.9a

9.9 § 0.6a

3.7 § 0.3b

34.5 § 6.4ab

RF-WPI

40.1 § 0.3a

5.9 § 0.5b

7.8 § 0.1a

25.3 § 4.4ab

RF-I

40.2 § 0.7a

5.8 § 0.6b

3.7 § 0.3b

39.2 § 14.3a

LF-WPI

37.1 § 0.6b

3.3 § 0.4c

8.0 § 0.7a

20.7 § 5.8b

LF-I

36.9 § 0.4b

3.2 § 0.3c

3.9 § 0.4b

27.2 § 4.4ab

DiVerent letters in the same column indicate signiWcant diVerences (P < 0.05)
a

R regular ice cream containing 10% milk fat, RF-WPI reduced-fat ice cream containing 6% milk fat and whey protein isolate, RF-I reduced-fat
ice cream containing 6% milk fat and inulin, LF-WPI low-fat ice cream containing 3% milk fat and whey protein isolate, LF-I low fat ice cream
containing 3% milk fat and inulin

Table 3 Rheological parameters for ice cream mixes (mean § SD, n = 2)
Treatmentsa
R
RF-WPI
RF-I
LF-WPI
LF-I

Apparent viscosity (mPa s)

Consistency coeYcient (K, Pa sn)

Flow behaviour index (n)

1573 § 347c

6.467 § 0.855c

0.467 § 0.025c

22566 § 557a

381.317 § 48.977a

0.187 § 0.025e

988 § 256c

2.587 § 0.520c

0.633 § 0.012b

15253 § 4025b

148.343 § 23.065b

0.330 § 0.020d

952 § 210c

1.710 § 0.017c

0.740 § 0.036a

DiVerent letters in the same column indicate signiWcant diVerences (P < 0.05)
a
R regular ice cream containing 10% milk fat, RF-WPI reduced-fat ice cream containing 6% milk fat and whey protein isolate, RF-I reduced-fat
ice cream containing 6% milk fat and inulin, LF-WPI low fat ice cream containing 3% milk fat and whey protein isolate, LF-I low-fat ice cream
containing 3% milk fat and inulin

exchange technique that was used in our study, normally
contains the full complement of -lactoglobulin, but much
of the -lactalbumin and some of the immunoglobulins and
other protein components are lost. The principal functionality of -lactoglobulin is gelation and thickening. The -lactoglobulin fraction is particularly important in forming
large protein networks after heating [22]. In the study of
Britten [23], WPI was dispersed in water (8%), pH was
adjusted and ionic calcium was added. The dispersion was
heated at 95 °C for 15 min and then cooled to room temperature. Electron micrographs showed that the increse viscosity of protein dispersions after heating reXects the
formation of linear polymers. Calcium is beleived to promote protein association and increase polymer length.
Extremely high viscosity in ice cream mixes containing
WPI can be sourced from these polymers or large protein
networks and also from higher molecular weight of WPI in
comparison to inulin.
The higher apparent viscosities seen for the WPI samples were similar to those detected by Ohmes et al. [11] for
non-fat ice creams supplemented with Prolo 11. The
authors reported that ice creams containing 4.8% of three
diVerent whey protein fat replacers (Dairy Lo, Prolo 11,
Simplesse) in place of milk fat had signiWcant eVect on the
increase in viscosity of non-fat ice cream (P < 0.05).
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Similarly, substitution of Dairy Lo for non-fat dried milk
increased the viscous properties of reduced-fat ice cream
mixes [24].
In the study, the most improvement in viscosity was
obtained in the ice cream mix containing 6% milk fat and
WPI (P < 0.05) (Table 3). Therefore, viscosity tended to
increase with the rise of fat content from 3 to 6% in mixes
containing WPI. Similarly, Prindiville et al. [25] found that
viscosity increased in ice cream mixes containing Simplesse and polydextrose as a fat replacer with the rise of fat
content but the exception that reduced fat one that was
inexplainably more viscous than full fat. The non-fat and
low-fat mixes containing both fat replacers were found to
have lower viscosities than full fat mixes.
The viscosity values did not vary between the samples of
regular ice cream and reduced-fat or low-fat ice creams
containing inulin. Niness [13] reported that unlike other
Wbers, inulin has no “oV Xavours” and may be used to add
Wber without contributing to viscosity. But, in milk beverages, chain length and concentration of inulin were found
to be eVective in viscosity. No signiWcant diVerences in
viscosity were found between whole milk and skimmed
milk samples containing 4 or 6% long chain inulin [26]. In
contrast to our Wndings, addition of 5% inulin to low-fat
yog-ice cream mixes was shown to increase the viscosity in
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comparison to regular fat control mix [16]. Substitution of
inulin for 42 DE corn syrup also increased the viscosity in
reduced-fat ice cream mix [17]. However, substitution of
polydextrose [27] or modiWed starch [28] to milk fat signiWcantly decreased viscosity in low-fat and free fat ice
creams.
Consistency coeYcients (K) and Xow behaviour indices
(n) are also showed in Table 3. The consistency coeYcient
indicates the relative thickness of a solution. In ice cream
mixes, consistency coeYcients were positively correlated
with the apparent viscosity values (R2 = 0.910), as similar
to the Wndings of Aime et al. [28]. The Xow behaviour
index gives an indication of how close the ice cream mix is
to a Newtonian Xuid. All Xow behaviour indices (n values)
were less than one (Table 3), which is characteristic of the
pseudoplastic behaviour. The WPI containing mixes exhibited a greater viscosity, consistency coeYcient and also a
degree of pseudoplasticity (P < 0.05). The reduced-fat and
low-fat mixes containing inulin have similar viscosity and
consistency coeYcient to the control sample, but they
exhibited more Newtonian-like Xow behaviour than did the
control. In the study of Schmidt et al. [29] ice milks made
with a carbohydrate-based fat mimicker was found to have
a greater viscosity and consistency coeYcient and a smaller
Xow behaviour index than those of the control or ice milk
made with a protein-based fat mimicker. The rheological
properties of the mix were shown to have the largest eVect
on the hardness of ice cream by Muse and Hartel [30]. The
authors reported that ice creams with high consistency
coeYcient were very viscous, and this viscosity increased
the resistance to penetration by the probe, as similar to our
Wndings.
Ice cream samples were diVerent (P < 0.05) from each
other in terms of hardness except the samples RF-WPI and
LF-I that showed similar values for hardness (P > 0.05)
(Fig 1).
The hardness of reduced and low-fat ice creams were
observed to be considerably higher than the regular fat control (P < 0.05). Therefore, a reverse relation between fat
content and hardness was obtained in the products. These
observations are consistent with those of Guinard et al.
[31], Roland et al. [32] and El-Nagar et al. [16], who demonstrated that ice cream hardness was inversely related to
fat content. Both fat replacers increased (P < 0.05) the
hardness in reduced-fat or low-fat ice cream in comparison
to regular ice cream whereas the samples with WPI gave
higher values for hardness. Large protein networks caused
by -lactoglobulin and relatively lower overrun may be
responsible for increased hardness in the products containing WPI. Similarly, the addition of milk protein concentrate
to fat-free ice cream signiWcantly increased the hardness
compared with the 0.1% fat ice cream [32]. However, when
milk fat of 2.5% was replaced in the same ratio by whey
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Fig. 1 Ice cream hardness as determined by a texture analyser expressed as peak positive force (values represent means § SE of means,
* represents the samples that show no signiWcant diVerence). R regular
ice cream containing 10% milk fat, RF-WPI reduced-fat ice cream containing 6% milk fat and whey protein isolate, RF-I reduced-fat ice
cream containing 6% milk fat and inulin, LF-WPI low-fat ice cream
containing 3% milk fat and whey protein isolate, LF-I low-fat ice
cream containing 3% milk fat and inulin

protein fat replacers (Simplesse and Dairy Lo) in non-fat
ice cream, no signiWcant diVerence in hardness was found
by Prindiville et al. [12]. Inulin also increased (P < 0.05)
the hardness in reduced-fat or low-fat ice cream possibly
depending on the high degree of polymerization and long
chain length. Inulin has the ability to form inulin microcrystals due to its long chain length, when sheared in water
or milk. These microcrystals interact to form a creamy texture [13] and possibly increased the hardness of ice cream.
On the other hand, increases in hardness of reduced or lowfat ice creams containing WPI or inulin may be related to
decreases in freezing points as a result of higher solute concentrations. The addition of 5% inulin to low-fat ice cream
[28] or 5% modiWed starch to low-fat yog-ice base [16]
increased the hardness in comparison to high fat control
sample.
In the study, the addition of 4% WPI to the low-fat ice
cream mix improved the highest hardness with a force of
10885.7 g. This represents approximately a three-fold
increase in hardness when compared to the control sample.
In addition, the hardness of low-fat ice creams containing
WPI or inulin was higher than their reduced-fat counterparts (P < 0.05). Using the TA-XT2 Texture Analyser, Guinard et al. [31] reported that hardness was inversely related
to the fat and sugar contents in vanilla ice cream and
increased fat caused lower ice crystals. This demonstrates
that the presence of ice crystals can contribute to the detection of Wrmness. Muse and Hartel [30] reported that the
hardness in ice cream was inXuenced by the rheological
properties of the mix. According to the authors, ice cream
mixes with high consistency coeYcients were very viscous,
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Fig. 2 Ice cream adhesiveness as determined by a texture analyser
expressed as peak negative force (values represent means § SE of
means, * represents the samples that show no signiWcant diVerence).
R regular ice cream containing 10% milk fat, RF-WPI reduced-fat ice
cream containing 6% milk fat and whey protein isolate, RF-I reducedfat ice cream containing 6% milk fat and inulin, LF-WPI low-fat ice
cream containing 3% milk fat and whey protein isolate, LF-I low-fat
ice cream containing 3% milk fat and inulin
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Weight g -1

and this viscosity increased the hardness. In our study, as
apparent viscosity or consistency coeYcients increased in
the mix, the hardness increased in reduced-fat or low-fat ice
cream. However, low-fat mixes that show lower apparent
viscosity or consistency coeYcients were found to be
harder than their reduced-fat counterparts possibly because
of the presence of ice crystals.
The adhesiveness values had a similar trend with hardness, in agreement with Aime et al. [28]. The results for
adhesiveness of ice cream samples (Fig 2) indicate the lowfat ice cream with WPI to be considerably more adhesive
than the other samples (P < 0.05). The lowest adhesiveness
value was found in regular ice cream sample (P < 0.05)
possibly depending on the milk fat content.
Melting properties diVered (P < 0.05) among all treatments at 60th, 90th and 120th min (Fig 3).
Milk fat slows the rates of heat transfer through ice
creams. Therefore, ice creams that contain fat would be
expected to melt more slowly than would non-fat ice
creams containing similar amounts of total solids and stabiliser–emulsiWer. But, in the study, reduced fat and low-fat
ice creams containing WPI had a lower melting rate than
the regular ice cream. The samples with WPI retained its
original shape longer than the ice creams, suggesting that
WPI stabilised the foam, probably through large protein
networks. However, samples with inulin lost its shape more
quickly than the other products. Reduced-fat and low-fat
ice creams made with inulin melted faster than regular ice
cream (P < 0.05) in contrast to El-Nagar et al. [16] who
found that increased additions of inulin to yog-ice mixes

20
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*
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Time (min)
Fig. 3 Weight of melted ice creams accumulated every 30 min for
120 min (values represent means § SE of means, * represents the samples that show no signiWcant diVerence). R regular ice cream containing 10% milk fat, RF-WPI reduced-fat ice cream containing 6% milk
fat and whey protein isolate, RF-I reduced-fat ice cream containing 6%
milk fat and inulin, LF-WPI low-fat ice cream containing 3% milk fat
and whey protein isolate, LF-I low-fat ice cream containing 3% milk
fat and inulin

reduced melting rates of the frozen product. The melting
rate was lower signiWcantly when fat was partly (3%)
replaced by polydextrose and Simplesse in comparison to
regular fat (9%) sample [25]. However, in non-fat ice
creams when milk fat was replaced by Simplesse or Dairy
Lo melting rates increased in comparison to low-fat control
ice cream [12]. Similarly, non-fat ice cream samples containing maltodextrin, milk protein concentrate or polydextrose melted faster than the 10% fat control ice cream and no
samples melted signiWcantly slower than the 0.1% fat control [32]. On the other hand, the consistency coeYcient of
the mix was found to inXuence the melting rate by Muse
and Hartel [30]. Similarly, our samples containing inulin
that gave lower consistency coeYcient melted more than
the samples containing WPI.
In the study, melting rates of reduced-fat ice creams containing WPI or inulin were higher than those found in lowfat ice creams with WPI or inulin. In another words, the
samples that were high in solids and fat melted faster
(P < 0.05) than did the samples that were low in solids and
fat which was possibly due to the eVect of dissolved solids
on freezing point depression. Similar Wndings were
obtained by Li et al. [27].
No eVect of inulin or WPI was obtained on the analytical
measures of colour (Table 4). Mean value of yellowness
“b” was signiWcantly higher in regular ice cream that contains 10% milk fat. The values “b” corresponded well with
the fat contents of the products though no signiWcant diVerence was obtained between the “b” values of the products
containing 6 or 3% milk fat. Lightness “L” and redness “a”
showed similar behaviour, in those values very close to
each other (P < 0.05).
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Table 4 EVect of fat replacers on ice cream colour (mean § SD, n = 2)
Colour value

Treatmentsa
R

RF-WPI

RF-I

LF-WP

LF-I

L

88.4 § 4.73

86.7 § 5.1

86.4 § 5.3

85.6 § 4.9

a

3.7 § 0.1

3.0 § 0.2

3.2 § 0.1

3.0 § 0.5

85.3 § 1.0
3.5 §0.2

b

14.3 § 1.8a

11.9 § 0.6b

10.6 § 0.1b

10.2 § 0.1b

10.2 § 0.7b

DiVerent letters in the same row indicate signiWcant diVerences (P < 0.05)
a
R regular ice cream containing 10% milk fat, RF-WPI reduced-fat ice cream containing 6% milk fat and whey protein isolate RF-I reduced-fat
ice cream containing 6% milk fat and inulin, LF-WPI low-fat ice cream containing 3% milk fat and whey protein isolate, LF-I low-fat ice cream
containing 3% milk fat and inulin

Conclusions
Compared to the regular ice cream, hardness signiWcantly
increased in reduced or low-fat ice cream by the addition of
WPI or inulin. However, the most improvement in the rheological and textural characteristics containing hardness,
melting resistance, apparent viscosity, consistency coeYcient and Xow behaviour index were obtained in the samples with WPI. Overall, adequate evidence has been
provided to support the textural and structural beneWts of
WPI in reduced or low-fat ice cream.
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