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Abstract

The aim of this study was to create a structured scale for assessing the visual quality of ice cream, develop a stabilizer-
emulsifier mixture for industrial production, and evaluate the characteristics of the final product, including the visual
(descriptive) index, physicochemical, rheological, sensory attributes, and associated production costs. The development
of emulsifiers and stabilizers involved a fractional factorial design 272, with 0 to 0.66% of monoglycerides of fatty acids
(X,); 0 to 0.33% guar gum (X,); 0 to 0.33% carrageenan gum (X;); 0 to 0.33% carboxymethyl cellulose-CMC (X,); 0 to
0.66% tapioca fiber (Xs); and 0 to 0.66% corn starch (Xy), totaling 19 formulations. Parameters assessed included visual
quality index (1 — “Excellent” and 5 — “Poor”), apparent density, overrun, first drop time, melt rate, and water activity. The
formulation composed of monoglycerides of fatty acids (0.33%), guar gum (0.16%), carrageenan (0.16%), carboxymethyl
cellulose (0.16%), tapioca fiber (0.33%), and corn starch (0.33%) obtained an excellent visual quality index in all aspects,
without significant sensory differences in relation to the control recipe. Furthermore, these formulations reduced industrial
costs, allowing for the replacement of commercial stabilizers and emulsifiers.
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Introduction

Ice cream is a widely beloved and globally consumed frozen
dairy aerated dessert. The manufacturing process involves
two main steps: mixing and freezing [1, 2]. Ice cream is a
complex emulsion product comprising air bubbles, ice crys-
tals, fat droplets in a partially frozen aqueous phase, sugars,
milk, skim milk powder, as well as emulsifiers and stabiliz-
ers 3, 4].

The structural constituents of ice cream can be catego-
rized into four groups: fat phase, air phase, frozen phase,
and unfrozen serum phase. The fat content and the ice frac-
tion are the structural elements that can be controlled by
adjusting the amount of fat and the sugar-to-water ratio [4].
Structural and textural defects in ice creams result from
ice recrystallization, lactose crystallization, and shrinkage.
To produce high-quality ice creams, it is essential to use
ingredients with compatibility, optimal formulation, and
processing parameters [5]. Therefore, the use of stabilizers
and emulsifiers assists in achieving and maintaining product
texture and acceptability.

Stabilizers serve specific and important functions in the
final product, such as increasing the viscosity of the mix-
ture, preventing shrinkage, slowing moisture migration
from the ice cream during storage, reducing melt rate, sta-
bilizing the mixture to prevent serum separation, providing
smoothness in body and texture, aiding in the suspension of
flavor particles, allowing for easier pumping and more pre-
cise filling during processing, and ultimately, retarding or
reducing the growth of ice crystals and lactose during stor-
age. Due to their synergistic effects, stabilizers like locust
bean gum, guar gum, carboxymethyl cellulose, and carra-
geenan are used for cost reduction in the ice cream industry
as fat replacers [3, 4, 6, 7].

Other ingredients that impact ice cream quality are emul-
sifiers, which possess amphiphilic characteristics, causing
them to adsorb to the surface of oil droplets, thereby reduc-
ing the interfacial tension between immiscible liquids, pre-
venting droplet coalescence [6]. Mono- and diglycerides
and polysorbates are common emulsifiers incorporated into
ice creams to enhance texture and stability [8].

The selection of ingredients for the formulation was
based on a comprehensive study of the Brazilian market con-
ducted by Rego [9]. This study provided an in-depth analy-
sis of the emulsifiers predominantly utilized by national ice
cream industries, quantified in terms of their usage percent-
age. Based on these findings, the top-ranking emulsifying
and stabilizing ingredients were chosen for the formulation.

Many stabilizers are used in ice cream formulations;
nevertheless, studies to discover new sources of hydrocol-
loids for higher-quality ice cream with cost reduction are
still necessary [7, 10]. The quality of ice cream is largely

determined by various qualitative attributes. However, lit-
erature is scarce in terms of works that compile attributes as
burning in pasteurization, residues in filtration, color, foam,
and appearance at the exit of the ice cream producer, into
a structured scale allowing for a comparative evaluation
of ice cream quality. In this context, the objective of this
study was to develop a structured scale for the visual quality
assessment of ice cream, formulate and apply an stabilizer-
emulsifier mixture composed of monoglycerides of fatty
acids, guar gum, carrageenan, carboxymethyl cellulose,
tapioca fiber, and corn starch in ice cream, and evaluate the
visual (descriptive index), physicochemical, rheological,
and sensory characteristics of the mixture in the product,
while comparing the production costs of this blend.

Materials and methods

Formulation and addition of stabilizer-emulsifier
mixtures in ice cream

To produce the ice cream, the following ingredients were
used: 64.84% filtered water, 14.93% granulated sugar
(Minascucar, Brazil), 13.27% whole milk powder (Aurora
Coop, Brazil), 3.98% trans fat-free vegetable fat (melting
point: 33 °C to 38 °C) (Iandy, Brazil), 1.99% glucose syrup
(Ingredion, Brazil), and 0.5% natural cream-like flavor
(Aplinova, Brazil).

The concentrations of the components in the emulsify-
ing and stabilizing mixtures varied according to a fractional
factorial design 2872 with 0 to 0.66% of monoglycerides of
fatty acids, containing 95% monoglycerides and 5% diglyc-
erides and triglycerides, as recommended by the manufac-
turer (Hangzhou Fuchun Food Additives Co, China) (X,); 0
to 0.33% guar gum (Shree Vijaylaxmi International, India)
(X5); 0 to 0.33% carrageenan gum (Shree Vijaylaxmi Inter-
national, India) (X3;); 0 to 0.33% carboxymethyl cellulose-
CMC (X,); 0 to 0.66% tapioca fiber (Gramkow, Brazil) (X5s);
and 0 to 0.66% corn starch (Ingredion, Brazil) (X), total-
ing 19 formulations (16 of fractional factorial design 267
and 03 central point). The dependent variables (responses)
included the visual quality index, apparent density, overrun,
first drop time, melt rate, and water activity. For the control
formulation (commercial emulsifier and stabilizer), 0.5%
Top Extrused (Leagel, Brazil) was used as an emulsifier.

All ingredients were added to water at 42 °C and homog-
enized using a food stirrer (Cadence, Quadriblend). Subse-
quently, they were pasteurized at 78 °C for 3 min, and mass
loss due to evaporation was compensated with filtered water,
resulting in 5 kg of ice cream mix. Next, the ice cream mix
was filtered and matured at 4 °C for 24 h before production.
For ice cream production, a horizontal batch freezer (Imbel,

@ Springer



6252

L. B. Raisel et al.

model 8 L, Brazil) with an 8 L capacity for ice cream mix
was used, and the freezing time was timed at 6 min for each
sample. The ice cream was then packed in plastic containers
and stored in a freezer at -24 °C until the analysis.

Development of a descriptive method for evaluating
the visual quality characteristics of ice cream

In order to assess the visual quality characteristics of ice
cream produced with the formulated mixtures (with sta-
bilizing and emulsifying properties), a structured 5-point
scale was developed (1 — “Excellent” and 5 — “Poor”) with
descriptors for the visual quality of the ice cream mix and
the ice cream (Table 1). The description was formulated in
terms of scorching and residue in the pasteurizer, presence
of residues in the filter, color of the ice cream mix after pas-
teurization, characteristics of the foam formed during the
aging stage (before flavoring, coloring, transferring from the
aging tank, or beginning production), and the appearance of
the ice cream as it exited the batch freezer. The assigned
values were determined by a panel of four assessors with
four or more years of experience in the edible ice industry.

Evaluation of technological characteristics of ice
cream

To assess the stabilizing and emulsifying properties of the
formulated mixtures, the technological and quality prop-
erties of ice cream were determined, including density,
overrun, melt rate, first drop time, and water activity, in
comparison to the control sample that used commercial
emulsifier and stabilizer.

Relative density

Determined according to Moriano and Alamprese [11] by
measuring the mass of the formulations in a container of
fixed volume (300 mL) after 24 h of aging at 4 °C. The
results were expressed in g/mL.

Overrun

Calculated by comparing the weight of the ice cream mix
and the weight of the ice cream in a container of fixed vol-
ume, as described by Whelan et al. [12] (Eq. 1).

Base syrup weight — Ice cream weight

%O0verrun = x 100

()

Ice creamweight

Table 1 A structured scale and descriptors for visual quality of the ice cream mix and the ice cream

Scale  Quality Descriptor
Ice cream mix Ice cream
Burning in Residues in filtration ~ Color Foam Appearance at the exit of
pasteurization the ice cream producer
1 Excellent Total absence of No emulsifier residue ~~ White color, Small foam island Ice cream with a smooth,
burns in the filter characteristic of (10 cm of foam) uniform texture, excel-
cream ice cream lent grouping, moldable,
“rope” shape
2 Good Little residue on the No loss of pressure, but Yellowish Foam occupying half  Ice cream with visible air
side of the tank residue in the filter at  color, similar to the surface of the tub  bubbles, with clusters,
the end condensed milk moldable with the forma-
or grayish ice tion of a “rope”
cream
3 Satisfactory Small crusts at hot  Still no loss of pres- Yellowish color Foam completely Ice cream with large,
water entry points sure, larger and more  similar to ice occupying the surface  visible air bubbles, slight
and bottom present residues, no cream or darker of the tub rope formation
obstruction grayish
4 Unsatisfactory ~ Large crusts more With loss of pressure, ~ Other non- A lot of foam on the Spongy, heavy, no string
than 50% of the tank filter partially clogged characteristic surface, a lot of foam  formation
with residue, but still colors at the end, less than
passing ice cream mix 10 L of foam for every
300 L of ice cream mix
5 Poor Forming burnt crusts Lots of pressure loss,  Other non- Alot of foam on the Ice cream losing its
covering the entire  filter completely characteristic surface, a lot of foam  shape quickly as soon as
tank, with a thick-  clogged with residue,  colors at the end, less than it comes out of the equip-

ness above 1 mm

no ice cream mix

10 L of foam for every
300 L of ice cream mix

ment, coming out in pel-
lets, without clumping,
spongy shape, heavy
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Melt rate and first drop time

Conducted according to Whelan et al. [12] with adaptations,
150 g of ice cream was placed on a 3 mm? screen at room
temperature (20 +£ 1 °C). The weight of the ice cream at the
initial time and the portion that dripped through the screen
were recorded every 10 min for 120 min. The moment when
the first drop of melted mass was also recorded, marking
the start of ice cream collapse. The time (min) was plotted
against the dripped volume (as a percentage of mass lost),
and the maximum melt rate corresponded to the steepest
gradient in the ascending melt curve.

To determine the melt (g) over 120 min for the ice cream
formulations (control, formulation 14, and central point),
the Weibull model was employed (Eq. 2).

D(g) =Dy~ (1 —exp(=(k-1)")) 2

Where D represents the melt mass (g) over 120 min, D,
refers to the maximum melt (g) as time approaches infinity
for the formulations, ¢ is time (min), k is a constant express-
ing the melt rate (min~') in the formulations, and m is a
parameter representing the shape of the melt curve (dimen-
sionless). If m> 1, it represents an increasing function; if
m< 1, a decreasing function; and if m=1, an exponential
distribution [13]. To estimate the kinetic parameters, non-
linear regression was performed.

To evaluate the quality of fit of the model with the experi-
mental data, the root mean squared error (RMSE) was used

(Eq. 3).

. re 2
RMSE — \/Z <Ob5 np d) 3)

Water activity (aw)

Water activity (aw) was determined using an AquaLab-
3TE meter after calibration and prior stabilization of
samples at 25 °C.

Validation of the stabilizer-emulsifier mixture
formulation

To validate the formulation of the stabilizer-emulsifier
mixture that exhibited the best technological and quality
properties in ice cream, new formulations with this mix-
ture were prepared and compared to a control formulation
(commercial emulsifier and stabilizer). The samples were

analyzed for fat destabilization index and fat particle size,
emulsifying activity, emulsion stability, and viscosity of the
ice cream mix and ice cream, as well as physicochemical
characteristics (pH, moisture, protein, lipids, and minerals),
and sensory attributes.

Fat destabilization index

This analysis was carried out according to Whelan et al. [12]
and Liang et al. [14] with modifications. The mixture and ice
cream samples (1 g) were diluted 1:500 with distilled water,
and the absorbance was measured using a spectrophotom-
eter (Iogen) at 540 nm, with distilled water as the blank. The
fat destabilization index was calculated using Eq. 4.

Emulsi vg mizture Abs. — Ice cream Abs.
Fat destabilization (%) = e szfg]zi;g};;’:; m;)‘urﬂ(;;:( AR 100 (4)

Fat particle size

The size of fat globules and clusters of fat globules was deter-
mined according to Warren and Hartel [15] with modifica-
tions, using optical light microscopy (Zeiss, Standard-20).
For each sample, 2 drops of melted ice cream were placed
on a glass slide and covered with a coverslip. The samples
were photographed at 10X, 40X, and 400X magnifications,
and the particle size was evaluated using Adobe Illustrator®
2022 image processing software.

Emulsifying activity index

The method described by Lira [16] with modifications was
used. One gram of melted ice cream samples was homog-
enized in 34 mL of a 3% NaCl solution and kept under agita-
tion (Fisatom 752 A), with the addition of 6.5 mL of canola
vegetable oil, until an increase in viscosity of the mixture
was observed (6 min of agitation). Subsequently, the emul-
sion was centrifuged for 5 min at 2,000 xg. The emulsifying
activity index was calculated according to Eq. 5.

Emulsi fiedvolume

Emulsi fying activity (%) = * 100 %)

Total volume

Where the emulsified volume was the lower phase, consist-
ing of the ice cream, 3% NacCl solution, and the amount of
incorporated oil. The total volume corresponded to 41.5 mL.

Emulsion stability and viscosity
Was determined using the method described by Lira [16]

with modifications. The sample was heated in a water bath
(Ultrasonic Washer USC-1800 A) at 80 °C for 30 min, then
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cooled in running water for 15 min, and finally, the emul-
sion was centrifuged for 15 min at 2,000 xg. The result was
expressed as a percentage, by comparing the volume of the
emulsified layer to the total volume of the emulsion after
heating. Absolute viscosity was determined using a rota-
tional viscometer (Brookfield DV-III Rheometer, USA). For
the analyses, 15 mL of ice cream mix and ice cream at 4 °C
were used, with spindle 28 and 25, respectively, and the
results were expressed in centipoise (cP).

pH and moisture

pH measurements were conducted using a pHmeter
(Digimed, DM-22, Germany) according to the IAL method-
ology [17]. Moisture content was determined in an air recir-
culating oven at 105+ 1 °C for 4 h [18]. The results were
expressed in g/100 g.

Protein, lipids, and minerals

Total nitrogen was obtained using the Kjeldahl method [17]
and multiplied by a factor of 6.38 to obtain the protein.
The results were expressed in g/100 g. Lipid determina-
tion was performed using the method described by Bligh
and Dyer [19], using chloroform and methanol (Modern
Chemistry® 30-60 °C) as the extractor. The results were
expressed in g/100 g. Total minerals (fixed mineral residue)
were obtained by a gravimetric method after calcination at
550 °C for 6 h. The results were expressed in g/100 g. The
quantification of manganese (Mn), potassium (K), zinc (Zn),
magnesium (Mg), copper (Cu), iron (Fe), and calcium (Ca)
was determined by flame atomic absorption spectrometry
— FAAS (Varian Spectra AA-55), according to the method-
ology described by AOAC [18]. Results were expressed as
mg/100 g.

Sensory tests

The sensory evaluation of the ice cream was conducted
using a consumer acceptance test with a structured 9-point
hedonic scale (9=like it a lot, 1=dislike a lot), and the
purchase intention of the taster using a structured 5-point
hedonic scale (5 — definitely would buy, 1 — definitely would
not buy) [20]. The tests were carried out with the participa-
tion of 45 untrained panelists of both genders, aged between
18 and 50 years. Each panelist received three ice cream
samples, two samples with the best results in the visual
quality assessment and the control, served in disposable 50
mL cups, coded with three random digits, containing 20 g
and stored at a temperature below —12 °C, accompanied
by mineral water. The sensory attributes evaluated were
overall acceptance and purchase intention. The experiment

@ Springer

was approved by the Research Ethics Committee and reg-
istered on the Plataforma Brazil under the CAAE number
64690622.5.0000.5351.

Estimation of production costs for the stabilizer-
emulsifier mixture

To determine the economic viability of the formulated
emulsifying mixtures, the cost of purchasing the ingredi-
ents used in the formulations that exhibited the best qual-
ity, technological, and sensory attributes was assessed. The
cost estimation for the formulations under investigation was
calculated by summing the unit costs of each ingredient in
proportion to their use in the formulation. This also included
the cost of the control formulation, which was used at the
proportion specified by the manufacturer, i.e., 5 g of the
product per liter of the ice cream mix.

Statistical analysis

Statistical analysis of the evaluation of the technological
and quality properties of the ice creams with the added
mixtures was conducted using a fractional factorial design
262, Non-linear regression was performed to estimate the
kinetic parameters. For the validation of the mixture and
characterization of the ice creams (n=3), the Tukey test
was employed, using the Statistica software (employing
one-way ANOVA analysis of variance), version 5.0 (Stat-
Soft Inc., USA), with a significance level of 95%.

Results and discussion

Descriptive method for evaluating the visual quality
characteristics of ice creams

Table 1 presents the results regarding the ice cream’s visual
quality index. A descriptive method for evaluating the
visual quality of ice creams was developed, with a focus on
industrial production. The introduction of a structured qual-
ity scale aims to provide a practical and effective means of
identifying product quality issues, thereby preventing waste
and equipment damage.

A crucial consideration in industrial ice cream production
is the formation of residues in pasteurization equipment,
referred to as “burnt in pasteurization.” These residues and
dark spots result from difficulties in dispersing the emulsi-
fying mixture during the production process. Many of these
mixtures cannot withstand the high temperatures common
in industrial production, leading to adherence to equip-
ment surfaces due to the characteristics of additives. This
adherence hampers heat exchange and subsequent cleaning,
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resulting in encrustations that are challenging to remove.
To address this issue, “Excellent” signifies the complete
absence of residues in pasteurization, while the “Poor” clas-
sification indicates severe obstruction.

The use of a homogenizer in production is another criti-
cal step. The formation of lumps and physical contaminants
can damage equipment or compromise product quality. It is
essential that emulsifiers do not generate lumps that obstruct
the equipment, prolonging processing time. The failure to
dissolve emulsifiers can lead to blockages and equipment
damage. Therefore, the “Excellent” classification denotes
the total absence of residues in the filter, while “Poor” rep-
resents significant obstruction.

The color of the ice cream is also relevant. The addition
of ingredients with dark coloring characteristics can affect
consumer perception. Preserving the characteristic color of
milk is important. Ice creams with a white color, without the
addition of colorants, receive an “Excellent” classification,
while a slight yellowish tint is classified as “Good.” The
addition of additives that alter the color is rated as “Poor.”

During aging, the formation of foam on the ice cream’s
surface is a concern, as foam is not utilized in production
and can extend processing time. Emulsifiers and stabilizers
influence the amount of retained foam. A small amount of
foam is acceptable, while a high foam content is detrimen-
tal. The “Excellent” classification signifies minimal foam
formation, while “Poor” represents a significant amount of
foam.

The final appearance of the product is also critical. Prod-
ucts that lose their shape, melt rapidly, and are difficult to
mold may have limitations in production processes. Main-
taining a smooth and uniform appearance is crucial. “Excel-
lent” indicates a surface free of air bubbles and easy to
mold, while “Poor” suggests molding difficulties.

In summary, this descriptive method evaluates various
aspects of the visual quality of ice creams in industrial pro-
duction. Its application aims to enhance efficiency, reduce
waste, and uphold product quality. The structured scale
enables employees to swiftly identify issues and take cor-
rective actions, ensuring the production of high-quality ice
creams.

Technological characteristics of ice creams made
with mixtures with stabilizing and emulsifying
properties

Table 2 presents the results of the fractional factorial design
262 (real and coded values) of the mixtures with stabiliz-
ing and emulsifying properties added to ice cream. Analyz-
ing the results related to the visual quality index (burning in
pasteurization, filtration residues, color, foam, and appear-
ance at the ice cream producer’s output), it can be observed

that the formulations 14 and the central point obtained a
quality index of 1, “excellent”, equivalent to that obtained
by the control formulation that used commercial emulsifiers
and stabilizers.

The denser ice cream was obtained in formulation 5
(0.79 g/mL), which includes only carrageenan, tapioca fiber,
and corn starch in the stabilizing and emulsifying property
mixture, while the less dense composition was obtained in
formulation 8 (0.55 g/mL) with monoglycerides, guar gum,
carrageenan, and tapioca fiber. This shows that the presence
of the emulsifier (monoglycerides) is essential for lighter
ice cream. Low density values can lead to undesired over-
run, while high density values can affect sensory acceptance
[21]. As per the regulations outlined in Brazil [22], edible
ice products distributed within the country are required to
maintain a minimum apparent density of 0.475 g/mL. It is
noteworthy that all formulations adhere to the legal stipula-
tions, with recorded values falling within the range of 0.55 to
0.79 g/mL, as indicated in Table 2. These density measure-
ments can be attributed to the specific production method
employed, where the ice cream is manufactured using a
batch process without automated air injection, resulting in
a denser product structure.

The Pareto Chart (Fig. 1) validates the estimated effects
(in absolute value) of the variables studied in the fractional
factorial design 2672 for the following characteristics of ice
cream formulations: (A) density, (B) overrun (%), (C) time
to the first drop, (D) melting rate, and (E) water activity (a,,).

In Fig. 1A, it can be observed that guar gum, fatty acid
monoglycerides, and carrageenan used in the emulsifier and
stabilizer property mixtures have a significant impact on
reducing the density of ice cream. Therefore, the inclusion
of these ingredients results in lighter and more voluminous
ice cream. If there is a need to reduce the amount of ice
cream in a package in an industrial production setting, these
ingredients should be prioritized. Monoglycerides of fatty
acids, guar gum, carrageenan, tapioca fiber, and starch had
significant positive effects (p <0.05). In other words, the
higher the amount of these components, the higher the over-
run (Fig. 1B). The highest overrun values were obtained in
formulations 8 and 16 (Table 2), with 85.59% and 69.85%,
respectively. The presence of air in ice cream provides a
lighter texture and directly influences the melting proper-
ties and hardness of the product. The amount of air incorpo-
rated also affects the size of ice crystals, with larger crystals
observed at lower overrun levels. Incorporating around 70%
air is sufficient to prevent collisions between crystals and
disperse the serum phase around each crystal [23]. Changes
in structure caused by higher overrun result in softer ice
creams with lower melting rates, as the air acts as a slight
insulator, making these ice creams more heat-resistant [23—
25]. The results of formulations 8 and 16 meet or exceed the
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upper limit (70%) for a product with desirable technologi-
cal quality. Formulations with overrun values closer to the
control formulation (commercial emulsifier and stabilizer)
at 52.56% include formulations 14 (51.09%) and 17, 18, and
19, central point (averaging 54.75%).

The ice cream melting curve typically exhibits a sigmoi-
dal shape, encompassing three distinct stages: a lag phase, a
rapid melting phase, and a plateau phase. These stages rep-
resent different stages of ice cream melting. The lag phase
ends when the first drop falls through the screen, signify-
ing the end of the induction time. The slope of the rapid
melting phase is established as the ice cream’s melting rate.
The plateau phase is when the melting has slowed down and
reached a steady state. The shape of the ice cream melting
curve depends on the ice cream’s composition [23].

It was observed that the inclusion of monoglycerides
in the ice cream composition reduced the time required
to complete the lag phase, whereas the addition of corn
starch extended the onset of melting for the product. The
other ingredients did not exhibit significant relevance to this
aspect of the product (p > 0.05) (Fig. 1C).

Regarding the parameter “time to the first drop”, it was
observed that formulation 12 (monoglycerides, guar gum,
and CMC) passed through the melting screen in a shorter
time (498 s). In contrast, the best result, with a longer time
before the onset of collapse, was obtained with formulation
9 (1440 s), consisting of CMC and tapioca fiber (Table 2).
When comparing the results obtained from the experimental
design formulations with the control sample, it was found
that formulations 14 and 15 had similar results (1320 s),
while the central point (17, 18, and 19) took about one min-
ute less to exit the lag phase.

The melting rate serves as a research tool to observe and
predict certain physical properties of ice cream, includ-
ing its rate of melting and shape retention. Additionally,
it allows for the comparison of various formulations and
processing conditions on the product’s microstructure [23].
Moreover, the ice cream melting rate has been a linked to
the degree of droplet coalescence and the formation of fat-
protein polymers [26]. Ice cream melting behavior can lead
to total dripping and the potential formation of foam with
serum separation [27]. This property holds significant rele-
vance during transportation and consumption. Slow melting
results in greater shape retention and less phase separation
(serum and foam), which are crucial factors for product
acceptance [28]. Emulsifiers play a fundamental role in the
development and maintenance of the ice cream foam matrix
[29].

In Fig. 1D, it can be observed that tapioca fiber, corn
starch, and carrageenan gum were the ingredients that pro-
moted an increase in the melting rate in the formulations
(»<0.05). Thus, based on the visual characteristics observed
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during melting, formulations 1 and the control (commercial
emulsifier and stabilizer) exhibited foam formation. On the
other hand, formulations 14 and the central point showed a
more homogeneous melting behavior, passing through the
mesh without forming foam. However, formulation 16 did
not completely pass through due to the presence of burnt
clumps formed from ingredients during pasteurization.

Water activity (a,,) is crucial for the quality and shelf life
of ice cream. If it is too high, the ice cream can melt eas-
ily, while if it is too low, it can affect the ease of handling
the product for consumption. By controlling this aspect, ice
cream can be produced with the desired characteristics and
shelf life [27]. The type and quantity of emulsifiers and sta-
bilizers used, along with other factors such as product com-
position, control of ice crystal size, and promotion of the
absorption of destabilized fat on the air cell surface, leaving
more free protein to bind with water, influence the a,, of the
product [30].

The variables carrageenan gum, guar gum, monoglyc-
erides of fatty acids, and corn starch impact the reduction
of a,, (»p<0.05), while carboxymethyl cellulose increases
water activity (p<0.05) (Table 2; Fig. 1E). The increase
in water activity caused by carboxymethyl cellulose can be
interpreted negatively since one of the main functions of
these products in edible ices is precisely to bind to the avail-
able water, improving consistency.

Figure 2 shows the melting behavior of the control for-
mulation (commercial emulsifier and stabilizer), formula-
tions 14, and the central point, all of which achieved a visual
quality index of 1 - Excellent. The variance in final mass
arises from phase separation and the formation of the lamel-
lar phase (foam), which does not pass through the melting
mesh within the designated experiment time.

The Weibull model was applied to the melting kinet-
ics of the ice cream formulations (control, formulation 14,
and central point). The coefficients of correlation (R2) and
the root mean square error (RMSE) obtained between the
Weibull model and the experimental data exceeded 99.83%
and were lower than 2.89, respectively, for all ice cream
formulations. This indicates that the model adequately rep-
resents the kinetic data. The estimated parameters of the
Weibull model are presented in Table 3.

Validation of emulsifying properties

The validation of the stabilizer-emulsifier mixture was car-
ried out using ice cream formulations 14 and the central
point, as they exhibited superior visual quality character-
istics with all descriptors rated as ‘Excellent.” In contrast,
the other formulations had at least one descriptor with a
lower rating. The Control formulation served as a bench-
mark for comparison. Table 4 presents the results of fat
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Table 3 Kinetic parameters for the Weibull model of the ice cream
formulations of the control, formulation 14, and central point

Formulation

Weibull model parameters

D, k m R? RMSE
Formulation 14 136.99  0.0139 29203  99.93  2.89
Central point ~ 146.30  0.0144  2.8686  99.83  2.88
Control 110.59  0.0141  3.0753  99.83  2.88

Table 4 Results of fat destabilization, emulsifying activity, emulsion
stability, and viscosity (ice cream mix and ice cream)

Formu- Fat destabili- Emulsifying Emulsion Viscosity
lation  zation (%)  activity (%) stability (%) (cP)
Ice Ice
cream cream
mix
Formu- 5.02°+0.28 86.75°+0.04 81.09°+0.05 100 188
lation
14
Central 21.03%+0.04 86.74°+0.03 82.60°+0.05 385 454
Point
Control 21.16*+0.09 87.76*°+0.06 82.51°+0.06 70 144

*Means followed by the same letters in the columns do not statisti-
cally differ from each other (p>0.05)

destabilization, emulsifying activity, emulsion stability, and
viscosity (ice cream mix and ice cream) of the formulations.

The process of fat destabilization in ice cream involves
reducing the tension between fat and water at the interface,
which leads to the displacement of proteins from the sur-
face of fat globules. This results in decreased stability and
allows partial coalescence during churning and freezing. By
promoting a uniform distribution of air bubbles, this pro-
cess contributes to the formation of stable air bubbles and

a structure with desirable properties for ice cream. These
factors play a crucial role in enhancing fat destabilization
during freezing [3, 31].

Rinaldi et al. [30] investigated fat destabilization pro-
moted by emulsifying agents in various origins in gelato
and found higher levels of destabilization (50%) when soy
lecithin was used, compared to mono- and diglycerides of
fatty acids (9% destabilization). According to the authors,
this is due to the low hydrophilic/lipophilic balance value of
soy phospholipids, making them more effective in replen-
ishing proteins on the fat globules’ surface and promoting
fat destabilization due to its lipophilic nature.

The values obtained for fat destabilization (Table 3)
range from 5 to 21%, which is lower than the reported val-
ues by Rinaldi et al. [30] of 50% and Whelan et al. [12],
which were between 40% and 50%. However, there are no
established ideal values for this aspect. Nonetheless, when
comparing the formulations from the central point formula-
tions and the control, they show similar results, with formu-
lation 14 having a slightly lower value in this aspect.

Fat is a critical constituent of ice cream, essential for
maintaining its dryness, structural integrity, resistance to
melting, and flavor. However, during processing, fat glob-
ules undergo mechanical damage in the ice cream freezer
due to shear forces and the crystallization process of ice,
leading to the release of liquid fat and partial agglomeration
of fat globules. According to Koxholt et al. [27] and Wang
et al. [26], this effect can be observed in the differential dis-
tribution of fat globule sizes in melted ice cream.
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Figure 3 presents images related to the size of fat glob-
ules and fat clusters obtained through optical microscopy
for the ice cream formulations 14 (Fig. 3A and B, and 3C),
the central point (Fig. 3D and E, and 3F), and the control
(Fig. 3G and H, and 31I). The fat particle destabilization is
more evident in the central point formulation than in the
formulation 14 and the control. The measurements for fat
particles ranged from 40 to 100 pm in the formulation 14,
ranging from 30 to 70 um in central point, and for the con-
trol, they ranged from 40 to 90 pm. The lamellar phase
(darker area in the image) in the central point formulation is
more distributed and homogeneous compared to the others,
promoting more uniform melting without phase separation.

Regarding emulsifying activity (Table 4), there was no
significant difference (p > 0.05) among the results of formu-
lations 14, the central point, and the control, with values
of 86.75, 86.74, and 87.74%, respectively. While there are
no established ideal values in the literature, these emul-
sions showed high emulsifying activity, exceeding the val-
ues found by Baer et al. [29, 31] and Chen et al. [32], who
evaluated emulsifying activity in ice creams produced with
soy protein isolates from different sources and hydrolysis,
replacing milk protein, and using commercial stabilizers
and fatty acid monoglycerides, obtaining results ranging
from 34 to 42% emulsifying activity.

The stability of an emulsion largely depends on the type
and concentration of the emulsifier, as well as the concen-
tration and type of the dispersed and continuous phases,
particle size, and viscosity. The relationship between the
amount of lipids and emulsifying substances is essential for

Fig. 3 Size of fat globules and
clusters of fat globules in ice creams
in formulation 14, central point, and
control (commercial emulsifier and
stabilizer). ¥*(A) Formulation 14 at
10x magnification, (B) Formulation
14 at 14x magnification, (C) Formu-
lation 14 at 40x magnification, (D)
Central point formulation at 10x
magnification, (E) Central point
formulation at 14x magnification,
(F) Central point formulation at 40x
magnification, (G) Control at 10x
magnification, (H) Control at 14x
magnification, (I) Control at 40x
magnification
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maintaining emulsion stability [33]. All emulsions from the
formulations showed stability between 81.09 and 82.60%
(Table 4), which falls within the range of 63 to 95% reported
by Chen et al. [32]. It’s worth noting that no ideal values
have been established in the literature.

Ice cream mix is known to be a non-Newtonian shear-
thinning fluid, and its viscosity is influenced by both compo-
sition and processing. An increase in stabilizer, fat, protein,
or total solids will generally increase viscosity. Addition-
ally, processing conditions such as higher pasteurization
temperature or homogenization pressure will also increase
viscosity. In the frozen state, the ice cream’s structure is pri-
marily stabilized by ice crystals and the high viscosity of the
unfrozen serum phase. Viscosity controls crystal growth,
and consequently, their binding to water and gel-forming
properties, so water diffusion to ice crystals is delayed over
time. An increase in viscosity would increase resistance to
melting and the smoothness of the product’s texture. There
are no established standards for desired viscosity in ice
cream [34].

Therefore, formulations with higher viscosity tend to
have smaller crystals, resulting in a better perception of
consistency. Formulations 14 and the central point exhibited
higher viscosity compared to the control sample, indicating
an improvement in product quality.

0,129mm
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Table 5 Results of pH, moisture, protein, lipid, ash, and mineral ana-
lyzes in ice creams produced with a mixture of formulations 14, central
point, and control (emulsifier and commercial stabilizer)

Formulation in ice cream

Formulation Central point  Control
14
pH 6.52°+0.012 6.49°+0.01  6.65*+0.04
Moisture 66.42°+0.25  66.56°+0.68  67.19°+0.24
(g/100 g)
Protein (g/100 g) 3.09°+0.07  2.98°+0.06  3.09°+0.15
Lipids (g/100 g)  3.53*+022  3.07°+0.11  3.17%+0.12
Ash (g/100 g) 0.75*+0.06  0.74°+0.05  0.76°+0.13
Mineral  Na 65.66°+621 64.33°+4.16 58.85°+1.15
(mg/100g) Ca 33.69°+0.13 33.73°+1.39  32.829+0.58
K  1457°+151 13944256 15.56°+0.10
Mg 897°+021  9.19°+0.10  9.02*+0.18
Mn 0.034°+0.004 0.284°+0.004 0.032%+0.003
Cu nd** nd** nd**
Fe nd** nd** nd**
Zn nd** nd** nd**

Means followed by same letter in the row do not differ statistically
from each other (p> 0.05). **nd: not detected

Table 6 General sensory acceptance, acceptance index, purchase
intention index, and cost estimation for the formulations 14, central
point, and control in ice creams

Formulation  General Accep- Pur- *Amount Cost
sensory tance  chase (g/kg) (US$/%)
acceptance rate intent
(%) (%) (%)

Formulation  97.7 86.44 84.0 6.6 0.60/75

14

Central point  97.7 88.89 831 74 0.38/47.5

Control 97.7 87.89 852 5.0 0.80/100

*Amount of emulsifier and stabilizer used in the formulation

Ice cream formulations characterization, sensory
evaluation, and application cost

Table 5 show the results of pH, moisture, protein, lipids,
ash, and minerals in the ice creams produced with the mix-
ture of formulations 14, the central point, and the control.
The pH values ranged from 6.49 to 6.65, which are simi-
lar to those reported by Baer et al. [29], who evaluated the
effect of emulsifiers (a-monoglyceride) and gum (hydroxy-
propylmethyl cellulose) in skimmed ice creams.

The moisture content is an important factor to observe
because when perfectly retained within the product, it pre-
vents shrinkage or migration of moisture to the packaging
or exterior. The moisture values found in the formula-
tions are in accordance with those reported by Goff [35].
Regarding the protein, lipid, ash, and mineral contents, no
significant differences (p >0.05) were observed among the
formulations.

Although many stabilizer manufacturers claim that they
improve the sensory profile of the product, there is still not
enough data to support this claim. However, the use of these
ingredients can improve pseudoplasticity, viscosity, texture,
lower the melting point, and extend the shelf life. Therefore,
it is essential to assess the improvement in quality concern-
ing consumer preferences [28].

The evaluation of purchase intention and acceptabil-
ity was conducted by untrained assessors (n=45). Among
the assessors, 64% reported consuming ice cream once a
month. The majority of assessors were women (73%), aged
between 21 and 50 years (38%), and had a postgraduate
degree (51%). Table 6 presents the general sensory accep-
tance, acceptance index, purchase intention index, and cost
estimation for the three evaluated ice cream formulations.
It can be observed that there is no significant difference in
general sensory acceptance between the formulations.

The central point formulation (0.33% monoglycerides,
0.16% guar gum, 0.16% carrageenan, 0.16% carboxymethyl
cellulose, 0.33% tapioca fiber, and 0.33% corn starch)
requires a larger quantity to be used, but it has a lower cost
compared to the others. This is because it is a mixture of
ingredients with a lower market value that produces char-
acteristics of extreme relevance for ice cream consumers
and producers. The cost aspect in relation to technological
benefits is one of the fundamental characteristics of product
acceptance in the market.

Carrageenan is the most expensive ingredient in these
formulations due to its complex extraction process, which
requires more resources than the production of other addi-
tives used for the same purpose [36]. Therefore, an increase
in the amount of carrageenan leads to a substantial cost
increase (as in formulation 14, with 0.66% monoglycerides,
0.33% carrageenan, and 0.33% carboxymethyl cellulose),
even with fewer ingredients used. Nevertheless, both for-
mulations showed a substantial cost reduction compared to
the control (commercial emulsifier).

Conclusions

The descriptive approach developed to evaluate the visual
quality characteristics of ice cream represents a significant
advance in the industry, providing a practical and effective
tool to identify quality problems and ensure the consistency
of the final product. By introducing a structured quality
scale, this methodology allows for a comprehensive assess-
ment, addressing aspects such as pasteurization residues,
color, foaming, and product appearance. When considering
ice cream formulation, optimizing stabilization and emul-
sification properties is essential to ensuring product qual-
ity. Using a suitable blend of stabilizers and emulsifiers can
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significantly influence the density, melting rate, foaming,
and stability of the emulsion, all critical aspects for con-
sumer acceptance. This study has demonstrated the potential
use of a mixture with stabilizing and emulsifying properties
composed of monoglycerides of fatty acids (0.33%), guar
gum (0.16%), carrageenan (0.16%), carboxymethyl cellu-
lose (0.16%), tapioca fiber (0.33%), and corn starch (0.33%)
in the production of high-quality ice cream. It exhibits good
sensory acceptance, an appropriate visual appearance, the
absence of bubbles, and a homogeneous appearance. Fur-
thermore, it offers a lower industrial application cost when
compared to ice cream produced with commercial emulsi-
fiers and stabilizers.
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