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Abstract

Freeze concentration process was used to concentrate milk until the third stage of freeze concentration. Thus, two samples of ice
creams were manufacture, one with milk and the other with concentrated milk from the first stage of block freeze concentration,
and denominated ice cream 1 and ice cream 2, respectively. Both ice creams were characterized according to physicochemical
characteristics, overrun, microscopy, melting rate, texture, color, and rheological properties. The use of concentrated milk
influenced the physicochemical properties of ice cream 2, promoting an increase in the total solids, protein, carbohydrates, and
ashes content. Moreover, it was noted that ice cream 2 had a higher overrun, lower firmness, smaller ice crystals, and tended to
color greenish and yellowish, however had a higher melting rate and larger hysteresis area. The models of the Power Law and
Casson satisfactorily described the rheological behavior of ice creams, which proved to be a Newtonian fluid.

Keywords: concentrated milk; ice cream; physical properties; rheology; power law model; casson model.

Practical Application: The potential use of concentrated skimmed milk in the manufacture of ice cream.

1 Introduction

Ice cream is considered the most known milk dessert
worldwide, reaching a global consumption of 2 L per person/
year (Goral et al,, 2018). This food is a complex aerated emulsion
containing milk proteins and fats that have an important role
in stabilizing its structure. This matrix is formed by a frozen
phase containing air bubbles, fat particles, and ice crystals
(Balthazar et al., 2017; Ayed et al., 2018; Grigio et al., 2019).
According to Géral et al. (2018), the primary ingredient in ice
cream is cow’s milk, which contains several beneficial substances
for the human body, such as protein, fat, lactose, vitamins, and
mineral compounds.

To concentrate these milk substances, the technology of
freeze concentration stands out, since it is known as the best
concentration method in terms of preserving the original quality
of the product. Therefore, this technology uses low temperatures
during the process, avoiding undesirable chemical, physical
and biological changes that occur in other types of processing
(Gunathilake et al., 2014). There are different methods of freeze
concentration, such as progressive, suspension, and block freeze
concentration (Ding et al., 2019; Henao-Ardila et al., 2019),
however, the first and second are more complex systems. Thus,
it favors the use of block freeze concentration, because it has
easier handling and also, is economically more viable (Aider et al.,

2009). The principle of this method is based on the complete
freezing of a solution, followed by a partial thawing process. With
this method, it is possible to obtain two fractions: the first is a
concentrated solution (feed solution) and the second is an ice
fraction with minimum solids content. In addition, the process
can be repeated in successive stages to increase the concentration
efficiency. Therefore, the efficiency of the process depends mainly
on the purity of the ice fraction (Aider et al., 2009).

Ithas been verified by Balde & Aider (2016) that the process
of freeze concentration was able to modify the availability of milk
components, such as proteins, fats, ashes, and carbohydrates.
Thus, it is hypothesized that the use of concentrated influences
the physical and physicochemical properties of ice cream.
Thus, it is important to determine these properties for a better
understanding of the changes that occur in the product due to
the interaction between milk components and the ingredients
used in the formulation. In addition, the determination of these
properties will serve as support to researchers and industries that
want to employ concentrated milk in the production of ice cream.

In this context, in order to produce ice cream with higher
nutritional value and better physical properties, the method
of block freeze concentration was used. Thus, the objective of
this work was to employ the concentrated milk obtained from
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the process of block freeze concentration to produce ice cream,
as well as to evaluate its chemical, physical, rheological, and
microstructural properties.

2 Material and Methods
2.1 Material

For the production of concentrated milk it was used skimmed
milk (Tirol®, Treze Tilias, SC, Brazil) with carbohydrate, protein,
lipid and total solids contents of 4.5, 3.15, 0.0, and 8.05 g per
100 mL of skimmed milk, respectively. This same milk was used
to manufacture the ice creams, besides other ingredients like
sucrose (Uniao®, Sao Paulo, SP, Brazil), milk cream (45% fat,
Tirol®, Treze Tilias, SC, Brazil), and sodium chloride (Cristalino®,
Mossord, RN, Brazil) were used. All the chemicals used were
of analytical grade.

2.2 Freeze concentration procedure

The block freeze concentration technology was used for the
skimmed milk concentration, according to the methodology
established by the research group. This method is based on the
total freezing of a solution and its subsequent partial thawing
by simple gravitational separation. With this, at the end of
each stage it is possible to obtain two fractions denominated
concentrated fluid (C ) and concentrated ice (I ), respectively
(Figure 1). Firstly, the skimmed milk was distributed in batches
of 1 L, which were divided into 250 mL containers and subjected
to freezing —20 + 2 °C in a freezer (Electrolux, FE 18, Sdo Carlos,
SP, Brazil). Once the initial solution was completely frozen, 50%
of its initial volume was thawed at a controlled temperature of
20 £ 2 °C. The thawed liquid constitutes the concentrated of the
first freeze concentration stage, which was distributed again in
250 mL containers, frozen —20 + 2 °C, and subsequently used
as feed solution in the second stage of freeze concentration.
This procedure was performed until the third stage of freeze
concentration. At the end of each stage of the freeze concentration
process, an aliquot of the remaining concentrates and the ice
were collected and stored at —20 + 2 °C for future analyzes.

The efficiency of the freeze concentration process (PE) was
determined taking into account the increase in the total solids
content (TS) in the concentrated (C ) (g/100 g) in relation to the
total solids (TS) remaining in the concentrated ice (I ) (g/100 g)
of each freeze concentration stage according to Equation 1.
The concentrated milk used to produce the ice cream was chosen
from the results of PE.

TSnoC, —TSnol, «

100 1
TSnoC, M

PE(%) =

2.3 Ice cream manufacture

Two ice creams were manufactured and denominated as ice
cream 1 and ice cream 2. Ice cream 1 was prepared with skimmed
milk, and ice cream 2 was prepared with concentrated milk.
Both formulations were added with sucrose, milk cream, and
sodium chloride, as showed in Table 1. Firstly, the ingredients
were mixed and submitted to the thermal treatment at 70 + 2 °C

for 30 minutes, followed by cooling at 8 + 2 °C for 24 h. The ice
creams were subjected to a stirring operation realized in an
ice cream maker (Cuisinart ICE 21, New Jersey, USA). In the
sequence, the formulations were distributed in polyethylene
packages with a capacity of 500 mL and subjected to freezing
at =20 * 2 °C until the analyses.

2.4 Physicochemical analysis

The total solids content (g/100 g) of skimmed milk, concentrated
milk (1, 2, 3), concentrated ice (1, 2, 3), and in the ice creams
were obtained by the oven drying method until constant weight
at 105 + 2 °C (Association of Official Analytical Chemists,
2019). The skimmed milk, the best performing concentrate,
and ice creams were analyzed in relation to the protein content
(g/100 g) by the Kjeldahl method (N x 6.38) (Association of
Official Analytical Chemists, 2019), fat content (g/100 g) by the
soxhlet method (Association of Official Analytical Chemists,
2019), ashes (g/100 g) by the gravimetric method (Association
of Official Analytical Chemists, 2019), total carbohydrate
content (g/100 g) obtained by difference (Association of Ofticial
Analytical Chemists, 2019), total titratable acidity (g/100 g lactic
acid) (Association of Official Analytical Chemists, 2019) and
pH using a pHmeter (PHS-3 BW, BEL, Piracicaba, Sao Paulo,
SP, Brazil). All physicochemical analyzes were done in triplicate.

2.5 Physical measurements
2.5.1 Overrun analysis

Ice cream overrun was determined according to the
methodology described by Marshall et al. (2003). For this, 120 g
of ice cream mixture and another of ice cream were weighed

Table 1. Ingredients used to produce the ice cream from skimmed milk
(Ice cream 1) and concentrated milk (Ice cream 2).

Ingredients (g/100 g) Ice cream 1 Ice cream 2
Skimmed milk 61.70 -
Concentrated milk - 61.70

Sucrose 22.20 22.20
Milk cream 16.04 16.04
Sodium chloride 0.06 0.06
Total of ingredients 100.00 100.00
Skimmed milk
25L
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Figure 1. Diagram of the process of freeze concentration of skimmed milk.
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and the overrun was calculated using Equation 2. The analysis
was performed in triplicate.

weight of the ice cream mix — weight of the ice cream X

Overrun (%) =
( °) weight of the ice cream

100 (2)

2.5.2 Distribution of ice crystals, fat particle, and air bubbles
size

The ice crystals, fat particles, and air bubbles size were
determined according to the Balthazar et al. (2017), using optical
light microscopy (AXIO Image. A2m, Carl Zeiss, Germany)
at —4 + 2 °C using 50 x magnification. Samples were moved
directly from the freezer to the glove box (-4 + 2 °C) for
sample preparation. A drop of chilled kerosene was added to
aid in dispersing the ice crystals and to increase the resolution
of the generated image. Ice crystals, fat particles, and air
bubbles images were captured by a digital camera (Axio Cam
MRc 5, Zeiss, Germany) and edited using the AXIO Vision
Rel. 4.8 software (Microscope Software AxioVision LE, Zeiss,
Germany). For each sample, 20 structures were measured (ptm)
in 10 microscope spots.

2.5.3 Melting properties

The melting of the ice creams was determined according to
the methodology of Granger et al. (2005), with modifications.
Approximately 50 g of sample, initially at —18 + 2 °C were
allowed to melt at 25 + 2 °C cover a 2 mm aperture wire mesh
screen, above a graduated cylinder, which was about an analytical
balance. The mass of drained ice cream (g) was recorded every
five minutes. From the data obtained, the melting rate was
measured as the mass of the drip versus the time. The analysis
was performed in triplicate.

2.5.4 Texture analysis

Ice creams texture analyss were measured using a TA.HD.
plus model texturometer (Stable Micro System, Texture
Expert, Surrey, UK), operating with the Exponent program
version 6.1.1.0. Ice cream samples were stored at 18 + 2 °C for
24 h before texture analysis. The operation parameters of the
analysis were: test speed of 2.0 mm/s; a distance of 10.0 mm,
and height of 20 mm. The parameters obtained were: firmness
(N), adhesiveness (N.s), and gumminess (N). The analysis was
repeated five times for each sample.

2.5.5 Color analysis

The color analysis of the ice creams were determined using
the Minolta Chroma Meter CR—400 colorimeter (Konica Minolta,
Osaka, Japan), adjusted to operate with illuminant D65 and
10° angle observation. Firstly, the colorimeter was calibrated
with a standard whiteboard, and to measure the parameters
L*, a*, and b* was used the CIELab color scale. The total color
difference (AE*) between ice creams was determined according
to Okpala et al. (2010), as described in Equation 3. The analysis
was performed in triplicate.
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AE" =\[(AL")?+(Aa")2+ (Ab%)> (3)

Where AL* is the luminosity difference, while Aa* represents the
intensity of the red color and Ab* the intensity of the yellow color.

2.5.6 Rheological analysis

The rheological analysis of ice creams were determined on
a Brookfield rotational rheometer with concentric cylinders
(Brookfield Engineering Laboratories, model DVIII Ultra,
Stoughton, USA) and spindle ULA. The measurements were
collected using Rheocalc® 32 software version 3.2 (Brookfield
Engineering Laboratories, Inc., Middleboro, MA, USA).
The rheometer was thermostatically controlled by a water bath
(TECNAL model TE-184, Sao Paulo, SP, Brazil) at 4.0 £ 0.1 °C.
Two rheological measurements were taken to obtain the flow
curves: the first with increasing shear rate from 125 s t0 269 s in
the first 4 minutes (rising curve), and the second with decreasing
shear rate returning to 125 s' the over the following 4 minutes
(downward curve). The speed of rotation was increased from
2 rpm to 62 rpm, increasing at 2 rpm per 30 s. The behavior
of the flow was described by Power Law and Casson models,
according to Equations 4 and 5, respectively:

o=K(7)" “

o =05+ (™ )

where o is the shear stress (Pa);K the consistency index (Pas™);

Y is the rate of deformation (s™); n is the flow behavior index
(dimensionless); o, is the Casson yield stress (Pa) and 77_is the
Casson viscosity (Pa.s).

2.6 Statistical analysis

Statistical analysis was performed using STATISTICA
13.3 software (TIBCO Software Inc., Palo Alto, CA). Tukey test
was realized to determine the significant differences (p < 0.05)
between the samples. Data were presented as mean + standard
deviation.

3 Results and discussion
3.1 Freeze concentration procedure

The total solids content and the efficiency of the skimmed
milk freeze concentration process are shown in Table 2. It was
verified an increase (p < 0.05) of total solids for concentrated
milk and concentrated ice fractions as a function of the evolution
of the freeze concentration stage. On the other hand, it was
observed that the process efficiency was higher (p < 0.05) in the
first freeze concentration stage, indicating higher total solids
content in the concentrated milk fraction. These results are in
accordance with those of Canella et al. (2019), which obtained
higher separation efliciency of total solids goat milk in the first
freeze concentration stage, resulting in a high quality concentrated.
These results indicated a greater recovery of solids content in the
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Table 2. Total solids content of skimmed milk, concentrated milks (C1, C2 and C3) and concentrated ices (I1, I2 and I3) from each stage of the
freeze concentration process and the efficiency of the process (PE) in relation to the total solids content.

Total solids (g/100 g) PE (%)
Skimmed milk 8.05 +0.2248 -
Stage 1 C 10.27 £ 0.10¢ 90.84 + 0.03*
I 0.94 +0.01° -
Stage 2 C, 20.28 +0.15° 60.62 +2.07°
L 7.99 £ 0.41° -
Stage 3 C, 21.52+0.18* 23.05+0.28"
I 16.56 £ 0.12* -

3

Results expressed as mean * standard deviation; ¢ Within a column, different superscript lowercase letters denote significant differences (p < 0.05) between skimmed milk and
concentrated milks at each stage of freeze concentration; *“Within a column, different superscript uppercase letters denote significant differences (p < 0.05) between skimmed milk and
concentrated ice at each stage of freeze concentration; *°* Within a column, different symbols denote significant differences (p < 0.05) in the PE of each stage of freeze concentration.

Table 3. Physicochemical properties of skimmed milk, concentrated milk, and of the ice creams produced from skimmed milk (Ice cream 1)

and concentrated milk (Ice cream 2).

Analyzes Skimmed milk Concentrated milk Ice cream 1 Ice cream 2
Total solids (g/100 g) 8.05+0.22 10.27 £0.01 33.82+0.07° 37.30 £ 0.6
Protein (g/100 g) 3.15+0.02 7.07 £0.40 243 +0.1° 492 +0.1*
Fat (g/100 g) 0.16 £ 0.01 0.18 £ 0.05 6.80 +0.61* 7.13 £ 0.06
Ashes (g/100 g) 0.39+£0.03 1.29+£0.19 0.61 +0.02° 1.09 £ 0.01°
Carbohydrates (g/100 g) 4.35+0.01 1.73 £0.01 23.98 +£0.01° 24.16 £ 0.02*
pH 6.81 +0.02 6.66 +0.01 6.72 £0.02* 6.65 +0.01°
Total titratable acidity (g/100 g lactic acid) 0.20 +£0.01 0.53+0.01 0.17 £0.01° 0.29 +0.03*

Results expressed as mean + standard deviation; *® Within a line, different superscript lowercase letters denote significant differences (p < 0.05) between the ice cream samples.

first freeze concentration stage. However, the process efficiency
in the second and third freeze concentration stage decreased
significantly, indicating that a relatively large content of total
solids was retained in the concentrated ice fraction. Sanchez et al.
(2011) and Raventés et al. (2007) affirmed that with the total
solids content increases, the viscosity of the concentrated
solution also increases, and due to the increased viscosity of the
concentrated solution, solids tend to accumulate at the ice-liquid
interface (concentration polarization) and the diffusion of these
solids between the interface is slower, causing these solids being
retained in the ice fraction and thus contributing to reducing
the efficiency of the freeze concentration process. Therefore,
the concentrated milk of the first stage of freeze concentration
was used in the manufacture of ice cream, as it presented higher
process efficiency.

3.2 Physicochemical analysis

Table 3 shows the results of the physicochemical properties
of skimmed milk, concentrated milk, and ice creams. It was
observed that ice cream 2 had a higher (p < 0.05) content of
total solids, proteins, ashes, and carbohydrates than ice cream
1. However, there was no difference (p > 0.05) in lipid content
between the ice creams. This behavior could be explained by
the use of skimmed milk in the manufacture of the ice creams,
and the amount of fat added during the formulation was the
same in both ice creams. The higher value of total solids content,
proteins, ashes, and carbohydrates for ice cream 2 was expected
due to the concentration method used in the milk. The total solids
contents found in this work for ice creams are in agreement with
those obtained by Mostafavi et al. (2017) for low-fat ice creams
containing milk protein concentrated. The protein content of

ice cream 2 was higher (p < 0.05) than ice cream 1 (Table 3),
which is the typical range reported for ice creams in many studies
(Cruxen et al., 2017; Senaka Ranadheera et al., 2013; Silva et al.,
2015). A higher value in protein content in ice cream 2 contributes
significantly to the development of the structure of ice cream
since milk proteins contribute to air stabilization at the ice cream
interface, emulsification, and water holding capacity, as verified
by Patel et al. (2006). The ash content for both ice creams was
similar to Cruxen et al. (2017) when worked with probiotic
ice cream added with butid pulp. The carbohydrate content
was similar to those of Di Criscio et al. (2010) when studying
symbiotic ice cream added inulin and Lacticaseibacillus casei and
Lacticaseibacillus rhamnosus. The pH value was higher (p < 0.05)
for ice cream 1. Thus, Marshall et al. (2003) mentioned that the
total titratable acidity and pH value of ice cream are related
to the total solids content because an increase in total solids
promotes an increase in acidity, and decreases pH, as verified
in the present work. Mostafavi et al. (2017) confirmed that the
total titratable acidity of milk depends on the nitrogen values of
casein, albumin, phosphates, citrates, carbon dioxide, and when
the protein content of ice cream increases, the nitrogen content
increases causing an increase in the value of total titratable acidity,
confirming the higher value of total titratable acidity (p < 0.05)
for the ice cream 2 determined in this study.

3.3 Overrun analysis

Table 4 shows that ice cream 2 had a higher (p < 0.05)
overrun value than ice cream 1. This event can be attributed to
the physicochemical composition of the ice cream 2, especially
the protein content, which was higher (p < 0.05) for the ice
cream produced with the concentrated milk of the first stage of

Food Sci. Technol, Campinas, v42,e12221, 2022
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Figure 2. Distribution of ice crystals, fat particles, and air bubbles of the ice creams produced from skimmed milk (Ice cream 1) and concentrated
milk (Ice cream 2). (A) = Ice Cream 1. (B) = Ice Cream 2. Black arrows represent air bubbles; Blue arrows represent fat particles; Arrows in red

represent ice crystals.
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Figure 3. Melting rate of the ice creams produced from skimmed milk
(Ice cream 1) and concentrated milk (Ice cream 2). ¢ = Ice cream 1.
0 = Ice cream 2.

Table 4. Physical properties and parameter color (L*, a*, b*, and
AE) of ice creams produced from skimmed milk (Ice cream 1) and
concentrated milk (Ice cream 2).

Ice cream 1 Ice cream 2
Overrun (%) 26.96 + 0.85" 63.71 £ 6.89°
Ice crystals (um?) 43.75 +16.45* 16.99 +7.37°
Fat particle (um) 2.52+0.71° 1.82+0.32*
Air bubbles (pum) 3.90 + 1.40° 3.24 +0.94°
Firmness (N) 29.55 + 6.16* 5.88 + 1.46°
Adhesiveness (N s) -1.55+0.47* -1.39 £ 0.50*
Gumminess (N) 1.21 £ 0.20° 0.55+0.07°
L* 83.77 £0.43° 84.95 + 0.63*
a* -2.87 +0.03° -3.79 £ 0.04*
b* 14.31 £0.11° 15.90 + 0.39*

AE 2.17

Results expressed as mean + standard deviation; *® Within a line, different superscript
lowercase letters denote significant differences (p < 0.05) between the ice cream samples.

Food Sci. Technol, Campinas, v42,e12221, 2022

freeze concentration. It was noted by Huppertz (2010) that milk
proteins have high air retention capacity, thus providing a greater
overrun. Goral et al. (2018) verified that the low overrun in the
ice cream was due to the low protein content in the samples.
On the other hand, the overrun is also related to the melting
rate, since was confirmed by Senanayake et al. (2013) that fruit
ice creams with a low percentage of overrun tend to have a lower
melting rate, as confirmed in the present work. Similar results
were observed by Soukoulis et al. (2008) for vanilla ice cream
added with hydrocolloids and their blends with k-carrageenan.

3.4 Distribution of ice crystals, fat particle, and air bubbles
size

Table 4 and Figure 2 show the size and distribution of ice
crystals, fat particles, and air bubbles, respectively. It can be
observed that ice cream 1 presented a larger size of ice crystals
(p <0.05). According to Kaminska-Dworznicka et al. (2019), ice
crystals should be less than 50 pm to avoid consumer rejection,
thus, sizes smaller than this value were observed for both ice
creams. This difference in ice crystal size can be attributed to the
protein content because it was verified by Lomolino et al. (2020)
that ice cream samples which contain a higher amount of milk
protein, either in powdered or concentrated form and combined
with a polysaccharide-rich stabilizer, favored the development of
smaller ice crystals in ice cream during freezing. Balthazar et al.
(2017) noted similar ice crystal sizes for sheep milk ice cream.
Concerning fat particle size and air bubble diameter, there was
no difference (p > 0.05) between the samples.

3.5 Melting properties

It was observed that ice cream 2 showed a higher (p < 0.05)
melting rate than ice cream 1 (Figure 3). Kalicka et al. (2019)
defined that the melting is the degree to which the sample resists
flow under an applied force in the mouth. Sofjan & Hartel
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(2004) affirmed that ice cream melting rate could be influenced
by many factors including the overrun, total solids, ice crystal
size, lipid, and protein content. Muse & Hartel (2004) reported
that initially the ice melts outside the ice cream and there is a
local cooling effect. Melted ice water diffuses into the viscous
phase, and this diluted solution flows down (due to gravity)
through the structural elements (destabilized fat particles, air
cells, and remaining ice crystals). Senanayake et al. (2013) also
attributed the higher melting rate due to the high total solids
content and lower pH value, which favored the destabilization of
the foam in fruit ice cream. Thus, this event may have occurred
in this work, since ice cream 2 had higher total solids content
and lower pH value.

3.6 Texture analysis

Table 4 shows that the firmness of ice cream 1 was higher
(p < 0.05) than the ice cream 2. Mehditabar et al. (2019) and
Acu et al. (2021) stated that many ingredients adding in the
composition can modify the viscosity values of the ice creams.
According to Muse & Hartel (2004), several factors could affect
the ice cream firmness parameter, such as the ice crystal size.
Soukoulis et al. (2008) affirmed that instrumental firmness can
be used as a measure of ice crystal growth since the number
and size of ice crystals formed from the water available during
freezing influences the formation and growth of these crystals
during storage. Akalin et al. (2018) attributed the higher firmness
to ice cream produced with different fibers due to the larger ice
crystals and lower overrun. On the other hand, ice cream samples
showed no difference (p > 0.05) for the parameter adhesiveness.
However, ice cream 1 showed a higher (p < 0.05) gumminess.
Dar & Light (2014) verified that increasing this parameter has
an undesirable effect on the appearance and texture of the ice
cream, since after melting the ice cream in the mouth, there is
a viscous sensation in the consumer’s taste. Knowing this and
according to the results obtained in this study (Table 4), ice
cream 2 presented a gumminess lower than ice cream 1, which
is interesting to the consumer.

3.7 Color analysis

Table 4 shows that the parameters L*, a*, and b* were all
higher (p <0.05) for the ice cream 2. The higher luminosity (L*)
for ice cream 2 can be explained by having a higher (p < 0.05)
protein content in the product. Balthazar et al. (2015) verified
that casein micelles have an affinity with fat particles and when
they interact, they are responsible for the diffusion of incident
light with a consequent increase in L* values. Regarding a* and b*

parameters, statistical differences were detected between ice creams
1 and 2, being that their negative and positive values indicated a
tendency to green and yellow, respectively. Noziere et al. (2006)
cited that the green color is due to riboflavin (vitamin B2), a green
compound present in the aqueous phase of milk and that the
fat-soluble pigments, especially B-carotene, are responsible for
the yellowish coloration of milk. Balde & Aider (2016) verified
this same coloration trend in all parameters for skimmed milk
obtained from the freeze concentration process. Therefore, it
was perceptible that the block freeze concentration process had
a great influence on the concentration of the compounds that
are responsible for the color change of the ice cream since all the
color parameters of ice cream 2 were statistically different to ice
cream 1. Despite the differences between a* and b* parameters,
it is important to highlight that both ice creams displayed low
AE* values. Martinez-Cervera et al. (2011) reported that when
the value of the total color difference (AE*) is lower than 3 it
cannot be visually perceived by the human eye. Thus, it was
possible to verify (Table 4) that the color of ice cream samples
was not affected.

3.8 Rheological analysis

Figure 4 shows the viscosity versus shear rate for ice cream
1 and 2. It was found that the viscosity remains constant with
increasing shear rate in ice cream, demonstrating a Newtonian
behavior for all samples. Newtonian behavior can also be evaluated
using data from the flow behavior index (1) (Table 5), since
(n = 1) it is characterized as Newtonian behavior. Ice cream
2 had a higher (p < 0.05) viscosity (Figure 4; Table 5), this fact
is due to its higher (p < 0.05) total solids content. This behavior
is in accordance with those verified by Akin et al. (2007) and

[\e}
(%
|

N
(=]
|

—_
W
I

Viscosity (mPa s)
=)

W
I

0

T T T 1
120 170 220 270 320
Shear rate (s )

Figure 4. Viscosity versus deformation rate of the ice creams produced
from skimmed milk (Ice cream 1) and concentrated milk (Ice cream 2).
¢ =Ice cream 1. O = Ice cream 2

Table 5. Rheological parameters obtained using the Power Law (o = K (y)") and Casson model (6°° = 6°°+ (1cy)*?), viscosity and hysteresis
area of the ice creams produced from skimmed milk (Ice cream 1) and concentrated milk (Ice cream 2).

Models o )
Sample Power Law Casson \(IIIISlC;:ISt)Y HySt(eiisiS area
K (Pas”) n R o, (Pa) n, (Pas) R?
Icecream1  0.0159 +0.0086* 0.9815+0.0577*  0.9982  0.0040 +0.0030° 0.0111 +0.0008" 0.9979  11.00+ 0.1866° 1.9863 + 0.3587"
Icecream2  0.0279 +0.0019* 0.9357 £0.0117°  0.9942  0.0188 +0.0037* 0.0169 + 0.0003* 0.9923  20.00 +0.1208* 16.1921 + 0.6701°

Results expressed as mean + standard deviation; ** Within a column, different superscript lowercase letters denote significant differences (p < 0.05) between the ice cream samples. K,
consistency index; 1, flow behavior index; R?, determination coefficient; 6,, Casson yield stress; n, Casson viscosity.
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Dogan et al. (2013) for ice creams with different sugar levels
and xanthan gum, respectively.

It was observed that the Power Law and Casson models
described the rheological behavior of the ice cream satisfactorily,
since the correlation coefficient R? > 0.99, in all cases (Table 5).
When the Power Law model was used, there was no difference
(p > 0.05) between the ice cream for the consistency index (K)
and flow behavior index (). These results demonstrated that
the freeze concentration process did not alter the flow behavior
and neither affected K and n parameters. Aime et al. (2001) also
mentioned that the consistency index (K) is strongly related to
the fat content of ice cream, once the increase in fat provides an
increase in the K value. No difference (p > 0.05) was founded in
the fat content of both ice creams manufactured in the present
study, confirming consistency index behavior. The rheological
parameters from the Casson model, Casson yield stress (o,) and
Casson viscosity (n ), were higher (p < 0.05) for ice cream 2. This
result also can be explained because ice cream 2 has a higher
(p <0.05) viscosity. Similar behavior was verified by Pinto et al.
(2012) for frozen yogurt added inulin, which affirmed that the
increase in the value of the Casson parameters may have been
caused by the increase of apparent viscosity of samples, which
probably occurred due to water retention by inulin.

Ice cream 2 presented a higher (p < 0.05) hysteresis area,
indicating a change in the system structure, by the structural
break down in a dispersion under shear. This difference can
be explained by the higher (p < 0.05) viscosity and total solids
content of ice cream 2. Hernandez (1996) emphasized that a
higher viscosity in a thixotropic fluid can demonstrate a larger
hysteresis area than a less viscous fluid, even when occurs
rupture in the less viscous fluid structure. Pinto et al. (2012)
affirmed that the increase in the hysteresis area may be related
to the increase in apparent viscosity of these samples for frozen
yogurt added inulin.

4 Conclusions

The freeze concentration process proved to be an alternative
for milk concentration. The highest process efficiency was
verified in the first stage of freeze concentration. However, a
drastic reduction was noted in the second and third stages,
respectively. From the process efficiency results, the concentrated
milk from the first stage of freeze concentration was used in the
manufacture of the ice cream. Ice cream 2, which was prepared
with concentrated milk, had higher total solids, protein, ash,
and carbohydrate content. On the other hand, there was no
significant difference between samples for fat content. The use
of concentrated milk promoted an increase in acidity and a
decrease in pH of ice cream 2, respectively. Higher luminosity
and color tendency towards yellow and green were observed
in ice cream 2.

Moreover, ice cream 2 had higher overrun, lower ice crystals,
lower firmness, and lower gumminess. However, ice cream 2 had
a higher melting rate. Adhesiveness parameter, air bubble size,
and fat of ice cream showed no significant difference. The use
of concentrated milk caused an increase in the viscosity and
hysteresis area of ice cream 2. The rheological measurements

Food Sci. Technol, Campinas, v42, e12221, 2022

data adjusted well into the Power Law and Casson models and
the ice creams showed a Newtonian fluid behavior.

Therefore, block freeze concentration showed to be a
promising technology and can have the potential for use in the
ice cream producing industries, because it is a method of easy
manipulation and low cost, resulting in a final product with good
chemical, physical, rheological, and microstructural properties.
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