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1 Introduction
The perception about the healthiness of foods by consumer is 

intricate and suggests the influence of several factors (Plasek et al., 
2020). On the other hand, researchers have demonstrated 
changes in the trend towards food consumption by means of 
healthier food choices (Nielsen, 2021), growth of health food and 
beverage market (Adomaitis et al., 2017), and a modest increase 
in the consumption of healthy eating markers (Steele  et  al., 
2020). This entire scenario is associated with a greater demand 
for more natural foods that have beneficial health properties 
(Petrescu et al., 2019).

In this context, artisanal and homemade products, similar 
in terms of small-scale production, often based on traditional 
family recipes, with low use of technology and machinery, 
have gained more space, precisely due to this greater concern 
for less processed, healthy and good quality ingredients and 
to minimizing the use of food additives (Cirne et  al., 2019). 
In addition, in the case of artisanal products, it is common to 
establish local consumption relations, bringing consumers and 
producers together by involving social and environmental issues, 
which revolve around sustainability, valuing the local product 
and traceability. Those reasons support the growing appreciation 
of artisanal or homemade products (Cirne et al., 2019).

Some strategies such as reducing fat consumption and 
increasing other nutrients, for instance fiber, can be highlighted 
among others to meet the demand for health benefits (World 
Health Organization, 2020). Resistant starch is physiologically 
considered a type of dietary fiber, which can be fermented by 
the microbiota present in the intestine, promoting the growth of 
beneficial bacteria in the colon (Zeng et al., 2018). It is a valuable 
prebiotic ingredient in the development of products that seek to 
add fiber to their content, which is associated with a reduction 
in the glycemic response, improvement in the lipid profile and 
greater response to satiety (Welti-Chanes et al. 2020).

However, fat is an important technological component in the 
formulation of various foods, as it provides flavor, creaminess, 
appearance, odor, in addition to softness and juiciness. Ice cream 
is an example of a product that can be obtained from milk fat 
and is widely accepted and consumed by the population with a 
wide range of varieties and flavors (López-Martínez et al., 2021). 
The use of ice cream as a vehicle for energy and other nutrients 
has already been proposed for the elderly and patients who are 
malnourished and/or have difficulty eating (Spence et al., 2019).

When the intention is to encourage fat reduction in diet, fat 
replacers used as an alternative in ice cream can be of carbohydrate, 
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Abstract
The homemade ice cream formulations produced from the partial replacement of dairy fat with unripe banana biomass (UBB) 
were elaborated and characterized. Formulations 1, 2 and 3 with 2.6%, 12.5% and 21.9% of reconstituted UBB, respectively 
in partial replacement of heavy cream were compared to the traditional formulation (0% UBB and 100% of heavy cream). 
The characterization included: physicochemical, microbiological, and sensory analyses. Fat reduction of at least 22.6% in 
centesimal composition were noticed among the formulation with UBB (p < 0.05). The titratable acidity and meltdown rate of 
the formulations increased with the addition of UBB and fat reduction. The sensory analysis showed that the preference of the 
panellists reduced with substitution of cream for UBB. The traditional formulation and formulation 1 were the most preferred. 
There was no difference in the attributes of overall impression, appearance, creamy texture, color, sweet taste and vanilla flavor 
between the traditional formulation and formulation 1 in the acceptance test. It was also found that the intention to consume 
those same formulations was positive. Therefore, the production of ice cream using prebiotic fat replacers are an interesting 
option to be explored in an attempt to combine sensory acceptance with health benefits.
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Practical Application: In this study, a homemade vanilla ice cream was developed and could maintain sensory acceptance and 
technological characteristics with 2.6% of reconstituted unripe banana biomass in partial replacement of dairy fat.
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protein or lipid origin, used alone or as a blend (Akbari et al., 2019; 
Arslaner & Salik, 2020). Given the thickening characteristic of 
unripe banana biomass (UBB), due to its high starch content, its 
use may represent an effective strategy for replacing fat. The gelling 
and emulsifying properties of UBB provide increased viscosity, 
solubility, stability and shelf life, reduced recrystallization, and 
formation of more homogeneous air bubbles (Yangilar, 2015; 
Amini Khoozani et al., 2019). As unripe banana pulp has little 
expressive flavor, its use in product formulations including bread, 
cake, biscuits, pasta, among others, interferes minimally in the 
sensory aspect (Fida et al., 2020). Its low cost is also noteworthy, 
considering that the banana is a fruit cultivated on a large scale, 
widely consumed, and has great economic importance worldwide 
(Food and Agriculture Organization of the United Nations, 
2020). Fruits that are still unripe are rich in flavonoids, among 
other antioxidants, which act in the protection of the gastric 
mucosa, in addition to having a significant content of resistant 
starch (Falcomer et al., 2019).

The use of unsophisticated technologies in the elaboration of 
artisanal and homemade products facilitates the reproduction by 
the consumers themselves, in their homes, considering the lesser 
complexity of the recipes. However, it is interesting that those 
products have good acceptance and are safe for consumption, 
especially when the interest is to make them commercial 
products. For this reason, adequacy and standardization of the 
product features are desirable. In this sense, the objective of 
this work was to elaborate and characterize, through proximate 
composition, physicochemical and sensorial analyses, homemade 
ice cream formulations made from the partial replacement of 
dairy fat by UBB.

2 Materials and methods
2.1 Obtaining the unripe banana biomass

The unripe apple bananas (Musa acuminata Colla x 
Musa balbisiana Colla, AAB Group) were obtained in a farm 
localized in Santo Antônio do Pontal, Governador Valadares, 
Brazil (geographic coordinates: 18o47’03.6” south latitude and 
42o08′22.2′′ west longitude) and harvested between stages 1 and 
2 of ripening, according to the scale of von Loesecke (1950). 
After washing and sanitizing with 150 ppm chlorine solution, 
the unpeeled fruits were cooked (2 atm, 120oC) for 8 min. 
Following cooling, the bananas were peeled and mashed in a 
home processor until the formation of a homogeneous purée 
(unripe banana biomass - UBB). The UBB was portioned and 
frozen in a domestic freezer at -15 ºC until use.

2.2 Ice cream preparation

The ice creams were formulated according to the information 
contained in Table 1. In the preparation stage, the condensed 
milk, whole milk and egg yolks were mixed and cooked at 
80 ºC for 11 min and 35 s until obtaining the “yolk cream”. 
The following mixture was cooling until 55 °C. The egg whites 
were pasteurized at 55.5 ºC for 3 min and 30 s (Brasil, 2022a) and 
whipped in a domestic mixer for 2 min and 30 s, at maximum 
speed to stiff peaks. Then, sugar and heavy cream were added 
to the whipped egg white and mixed for the same time with 

each addition of new ingredient. To the traditional formulation 
(control) the yolk cream was gradually mixed and, finally, the 
vanilla extract was added.

Whereas formulations enriched with UBB, the difference in 
the preparation method was the inclusion of UBB and reduction 
of heavy cream. Firstly, the UBB was thawed under refrigeration 
for a period of 18 h. Then it was reconstituted in warm water 
at a 1:1 ratio until it formed a viscous biomass, which was then 
added to the formulations in the step of adding the heavy cream. 
Lastly, the ice creams were immediately frozen at -15 ºC.

2.3 Centesimal composition and titratable acidity

The moisture content was obtained by drying the sample at 
105°C, until constant mass (Instituto Adolfo Lutz, 2008). The ash 
content was obtained by weighing the incinerated sample in a 
muffle at 550 °C (Brasil, 2006). Protein was determined as total 
nitrogen using the microKjeldahl method. The percentage of crude 
protein was calculated from the conversion factor of 6.25 (Silva 
& Queiroz, 2002). Fat determination was carried out after acid 
hydrolysis (4 mol/L HCl and heating for 30 min), followed by 
filtration and washing with boiling water. After drying, the 
residue (105°C for 1h), it was extracted with petroleum ether 
in a soxhlet extractor for 6h (Instituto Adolfo Lutz, 2008). Total 
carbohydrate was calculated by the difference of 100 and the values ​​
of protein, fat, moisture and ash (Instituto Adolfo Lutz, 2008).

The titratable acidity was obtained by titration with a 
standardized 0.1 mol/L NaOH solution (Instituto Adolfo Lutz, 
2008).

2.4 Meltdown rate

Approximately 75 g of ice cream samples were transferred 
to an apparatus containing a 2 mm diameter wire screen mesh 
placed on beckers. The ice cream samples were left at room 
temperature for 60 min and, at 15 min intervals from the first 
drop, the weights were recorded. Analyzes were performed at 
least three times (adapted from Smet et al., 2010; Fiol  et al., 
2017). Time (min) was plotted against the melted portion 
(wt.%). After exponential transformation to linearize the melt 
data, the meltdown rate was determined as the slope of the 
main melting event.

Table 1. Ice cream formulations.

Ingredients
Formulations

Traditional 1 2 3
Milk (%) 26.7 26.0 24.7 23.8

Condensed 
milk (%)

26.7 26.0 24.8 23.8

Heavy cream - 
25% fat (%)

26.5 25.0 18.8 12.0

Egg (%) 14.3 14.6 13.7 13.4
Sugar (%) 4.9 4.7 4.5 4.3

Vanilla extract 
(%)

1.0 1.0 0.9 0.8

Reconstituted 
UBB (%) - 2.6 12.5 21.9
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2.5 Microbiological analysis

The analyses were done according to Downes & Ito (2001). 
Briefly, the presence of Salmonella was evaluated on XLD agar 
(Acumedia, Lansing, USA). Coagulase-positive Staphylococcus 
count was performed on Baird-Parker agar (Kasvi, Curitiba, 
Brazil). Colonies belonging to the Enterobacteriaceae family were 
counted on VRBG agar (Acumedia, Lansing, USA). All plates 
were incubated at 35 oC for at least 24 h.

2.6 Sensory analysis

The preference ranking test was based on ordering from the 
most to the least desirable samples. Acceptance and consumption 
intention tests were performed using 9-point structured hedonic 
scale (Dutcosky, 2013; Reis & Minim, 2013). The attributes 
evaluated in the acceptance test were overall impression, 
appearance, creamy texture, color, sweet taste, and vanilla flavor.

Considering the acceptance test, the acceptability index 
was also calculated (adapted from Castro et al., 2007) for each 
attribute evaluated using the following Equation 1:

( ) Average score obtained for the product x1 00Acceptability index %
Highest score given to the product

= 	 (1)

Twenty grams of each sample were distributed according to 
a balanced complete block design and coded with three random 
numbers. Mineral water at room temperature was used as an 
oral cleaning agent. The tests were carried out in an individual 
sensory-test booth with red light for the ordering test and white 
light for the acceptance and consumption intention tests.

An total of 135 untrained volunteers composed the team 
of panellists. In general, the sample included professionals and 
university students with low consumption of alcoholic beverages 
and coffee and low frequency of allergies and respiratory 
diseases, which indicates good condition of organs sensory by 
most participants. In addition, a more expressive consumption 
of ice cream among other frozen desserts was observed, which 
denotes a greater evaluative capacity of the studied food matrix.

2.7 Ethical care

This research was approved by the Human Research Ethics 
Committee of the Federal University of Viçosa under the protocol 
number 47012615.0.0000.5153.

2.8 Statistical analysis

Analysis of variance (ANOVA) followed by Tukey’s test was 
applied to the centesimal composition and titratable acidity. 
The significant difference between ice cream formulations was 
evaluated according to Christensen et al. (2006) in the preference 
ranking test. The two-tailed Student’s t-test was applied to assess 
differences between the means of the scores imputed by the 
panellists to the ice cream formulations in the acceptance and 
consumption intention tests. Descriptive statistics were also 
performed.

3 Results and discussion
3.1 Physicochemical characteristics of ice cream 
formulations

The centesimal composition of the formulations was shown 
in Table 2. There was a fat significat reduction of at least 22.6%, 
unlike the total carbohydrates, which showed a significant 
increase of at least 9.2% among the formulations. The increase 
in carbohydrate percentage is probably related to the increase 
in fiber, starch, and resistant starch content in UBB-added 
formulations.

In addition, there was no significant difference between fat 
values in formulation 1 and traditional. Possibly the variation 
of moisture and other components of the ingredients affected 
more than the inclusion of UBB in this proportion.

There are few studies in the literature about the elaboration 
of ice cream with UBB. In those studies, the ice creams were 
prepared with UBB from cooked or dehydrated fruits, with 
or without peel, in order to enrich the formulations with the 
resistant starch prebiotic and not necessarily functioning as a 
partial fat substitute (Yangilar, 2015; Wrobel & Teixeira, 2017; 
Prashanth et al. al., 2018). The chemical characteristics in terms of 
nutritional and physicochemical composition were comparatively 
different from those of the present study as they depend on 
the variety of fruits and amount of ingredients used. Despite, 
Aragão et al. (2018) have shown that the partial replacement of 
fat with UBB could generate a significant reduction of at least 
67% in fat content (p < 0.05).

The estimation of dietary fiber and resistant starch contents 
based on theoretical values ​​(Table 2) allowed us to observe a 
gradual increase of these compounds from the addition of UBB 
in the formulations. Considering that resistant starch exerts the 
physiological effect of dietary fiber, the formulation 2 and 3 were 

Table 2. Physicochemical characteristic of ice cream formulations (dry basis).

Formulations
Parameter (g/100 g)

Moisture* Total 
solids*

Non-fat 
solids* Ash* Protein* Fat* Carbohy-

drates* Fiber** Resistant 
starch**

Titratable 
acidity***

Traditional 57.29d ± 0.09 42.71a ± 0.09 18.78a ± 1.01 2.44a ± 0.25 12.36a  ± 0.25 23.93ab ± 0.99 61.28bc ± 1.13 0.00 0.00 0.325c ± 0.017
1 58.41c ± 0.32 41.59b ± 0.32 15.54bd ± 2.15 2.44a ± 0.23 12.61a ± 0.06 26.05a ± 2.47 58.90c ± 1.76 0.02 2.64 0.353b ± 0.008
2 60.35b ± 0.16 39.65c ± 0.15 18.13bc ± 1.27 2.04a ± 0.20 12.64a ± 0.12 21.51bcd ± 1.35 63.79ab ± 1.13 0.09 13.20 0.355b ± 0.004
3 63.58a ± 0.12 36.42d ± 0.13 17.89d ± 0.88 2.23a ± 0.09 12.34a ± 0.21 18.53d ± 0.98 66.90a ± 0.97 0.19 27.37 0.371ab ± 0.008

*Mean values ± standard deviation (mean values ​​followed by at least one different letter on the same column differ significantly by Tukey’s test, p < 0.05); **Values based on Mesquita et al. 
(2016) study; ***g lactic acid/100 g.
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presented as a resistant starch source, according to the current 
legislation which recommends 3 g of fiber/100 g of ice cream 
(Brasil, 2012). Furthermore, it is assumed that the preparation 
method for UBB has caused gelatinization and retrogradation of 
the starch present in unripe bananas, processes that can provide 
an increase in the yield of resistant starch (Patterson et al., 2020).

The titratable acidity was significantly higher in the 
formulations added with UBB (Table 2). Although not commonly 
required in current ice cream legislations, it is known that the 
determination of titratable acidity is considered an important 
quality parameter as it can influence characteristics such as 
flavor, color, and stability (Sadler & Murphy, 2010; Shipman et al., 
2021). Although acidity showed significant difference among 
formulations, the numerical differences should be greater for 
sensory perception. Sour taste intensity can not be entirely 
explained by only one variable, such as titratable acidity (Ramos 
da Conceicao Neta et al., 2007; Turner & Liman, 2022).

The melting is an important physical parameter presented by 
ice creams. In this sense, the graphic behavior of the formulations 
added with UBB revealed a significant lower meltdown rates in 
the formulations with lower concentrations of UBB (Figure 1).

Owing to the ice cream is a complex colloidal system (Syed et al., 
2018), it is not surprising that many factors can influence the 
melting pattern and, consequently, make interpretation and 
comparison of results difficult. The fat content, the fat globules, 
and agglomerates size, as well as their crystallization, the air 
incorporation, the stabilizers, the ice crystals size and the total 
solids content, among others, can influence the meltdown rate 
(Goff and Hartel, 2013). It is also worth noting that the higher 
fat content tends to promote greater incorporation of air and, 
consequently, a higher melting point, contributing to a more 
stable product (Carvalho et al. 2022). Thus, the lower the air 
incorporation rate, the higher is the meltdown rate. In spite 
of there is no reference value for the melting rate, there is a 
consensus that the ice cream should melts slowly and, at the 

end of the process, presents itself as a liquid, homogeneous and 
uniform mass (Souza et al., 2010).

Considering that all formulations in the present study 
were produced from cow’s milk, with standardization of the 
homogenization time, absence of the aging step and use of a 
domestic freezer for ice cream storage, similar fat globule sizes 
and low air incorporation are expected. In addition, homemade 
and artisanal ice cream generally have low air incorporation 
rates when compared to industrial ice cream (Goff & Hartel, 
2013). Air incorporation rate has an inverse relationship with 
meltdown rate. It can be explained by the impact of air bubbles 
in the ability of heat penetration (thermal diffusivity), preventing 
ice cream melting (Sofjan & Hartel, 2004). For this reason, in 
these homemade ice creams, with low air incorporation, a higher 
melting rate was expected.

The total carbohydrate content, mainly soluble sugars, 
which contributes to the freezing point reduction (Li et al., 1997; 
Kurultay et al., 2010), is pointed out as the main cause of the 
faster meltdown rate (Frøst et al., 2005; Syed et al., 2018). This 
could explain the graphic behavior observed for formulations 
2 and 3 (Table 2; Figure 1).

The effect of adding starch or resistant starch as a fat substitute 
in ice cream formulations has been reported in the literature 
(El-Nagar et al., 2002; Surapat & Rugthavon, 2003; Aykan et al., 
2008; Akalın et al., 2008; Boff et al., 2013; Karaman et al., 2014; 
Aragão et al., 2018; Akbari et al., 2019). Starch acts as a stabilizing/
thickening agent, increasing viscosity from moisture retention 
and gel formation. Consequently, it modifies the texture of 
ice cream (Akbari et al., 2019). The change in viscosity is not 
specific to starch, has also been observed in the production of 
ice cream with the addition of other prebiotics. The increase in 
viscosity, without impairing the acceptance, especially the texture 
attribute, was reported by Acu et al. (2021) when they added 
tagatose, litesse ultra and polydextrose to the tested symbiotic 
ice cream formulations. Nevertheless, the knowledge of the 
contribution of starch and other fat substitutes in important 
technological attributes for ice cream quality the meltdown 
rate is still controversial and incipient and requires careful 
analysis, since, as noted above, there are several interfering 
factors. Akbari et al. (2019) affirm that low-molecular-weight 
fat substitutes including fructooligosaccharides and inulin 
contribute to reducing the freezing point of ice cream, which 
makes the meltdown rate faster in low-fat ice cream. It is possible 
to observe in the literature studies that demonstrate reduction 
(El-Nagar et al., 2002; Karaman et al., 2014; Aragão et al., 2018; 
Zagorska et al. 2022; Santos et al. 2022), increase (Akalın et al., 
2008) and little expressive variation (Surapat & Rugthavon, 2003; 
Aykan et al., 2008; Boff et al., 2013) in this physical behavior in 
formulations with addition of fat substitutes.

Probably the higher concentration of fat was a decisive 
factor in explaining the lower meltdown rates (Guinard et al., 
1997; Stampanoni Koeferli  et al. 1996; Carvalho et al., 2022; 
Frøst et al., 2005) observed in the traditional formulation and 
in formulation 1 (Table 2; Figure 1). On account of fat acts as 
a physical barrier to the growth of ice crystals (Donhowe et al, 
1991) as well as decreases heat transfer (Goff & Hartel, 2013).

Figure 1. Meltdown profile. The equations were generated after 
exponential transformation to linearize the data. The slope represents 
the melting rate (g.min-1). The experiment was carried out at least three 
times. *Different letters indicate significant difference in melting rate 
by Tukey’s test (p < 0.05).
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3.2 Microbiological quality and sensory characteristics of ice 
cream formulations

The formulations presented satisfactory microbiological 
quality to carry out the sensory analysis according to Brasil 
(2022b). Salmonella was absent and safe levels of coagulase-
positive Staphylococcus and Enterobacteriaceae were found.

The UBB acquired firm and pasty consistency, in addition 
to an orange color after peeling and a light brown color after its 
processing and reconstitution. These characteristics contributed 
to the color pattern acquired by each formulation with increasing 
concentrations of UBB (Figure 2).

The preference ranking test performed in a descending 
way predicts that the lowest value of the sum of orders (total 
ordering) is an indicative of greater preference of the product 
by the evaluators (Table 3). Thus, the traditional formulation 
was preferred among the panellists. In addition, we concluded, 
based on the comparison between the difference modules with 
the critical value, that all formulations added with UBB differed 
from the traditional formulation. The formulation 1, indicated 
as the second most preferred by the panellists, differed from the 
others. Hence, the risk of rejection of ice cream rose with the 
increasing content of UBB.

Although non-fat solids, when in high concentrations, produce 
gritty, cooked and salty taste; and the total solids when in high 

concentrations can leave the ice cream with a heavy and pasty 
body (Goff & Hartel, 2013), it seems that the concentrations of 
these two components did not negatively influence the preference 
of panellists for the traditional formulation (Tables 2 and 3).

As a sample that is preferred will not always be accepted by 
a certain audience, it was decided to evaluate the acceptance of 
the two most preferred formulations. There was no difference 

Table 3. Rank sum and difference module of the ice cream formulations 
on the preference ranking test.

Formulations Rank sum
Traditional (control) 131

1 169
2 221
3 249

Difference versus Difference module
Traditional - 1 38*
Traditional - 2 90*
Traditional - 3 118*

1 - 2 52*
1 - 3 80*
2 - 3 29

*Significant difference between samples (p < 0.05) considering 31 as the critical value of 
differences between rank sums for 4 samples and 77 panellists (Christensen et al., 2006).

Figure 2. Photos of some steps of the ice cream preparation. (A) unripe banana; (B) unpeeled unripe banana after cooking; (C) peeled cooked 
unripe banana; (D) cooked unripe banana after mashing (unripe banana biomass-UBB); (E) reconstituted UBB; (F) “egg cream”; (G, H, I) and 
(K, L, M) Formulations 1, 2 and 3, respectively, before and after freezing; (J) Traditional formulation after freezing (control).
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between the mean values ​​of the scores attributed by the evaluators 
to the traditional formulation and to formulation 1 in both 
acceptance and consumption intention test (Table 4).

The average score obtained in the acceptance test for the 
global impression, appearance, creamy texture, color, sweet 
taste, and vanilla flavor attributes was among 9 and 7-levels 
of the hedonic scale (Table 4) and covered at least 82% of the 
responses. In other words, it ranged from “Like extremely” to “Like 
moderately”, respectively, for both the traditional formulation 
and formulation 1. Consequently, the evaluated formulations 
presented a positive result, since, according to Castro  et  al. 
(2007), to be considered acceptable in sensory terms products 
must present an acceptability index greater than 70%.

The creamy texture was the attribute with the lowest mean 
scores (Table 4). The frequency of the responses in the acceptance 
ranges among 9 and 7-levels of the hedonic scale was 82% for 
the traditional formulation and 86% for the formulation 1, 
when compared to the other attributes. Therefore, it is assumed 
that one of the reasons that could explain the rejection of ice 
cream formulations with higher UBB contents in the preference 
ranking test was the change in texture. Other studies have also 
demonstrated good acceptance of ice cream with fixed amount 
of fat and made from unripe banana pulp in the form of biomass 
(8,7% and 9,8%) (Wrobel & Teixeira, 2017) or flour (1% and 
2%) (Yangilar, 2015), with scores in the acceptance test above 
7 for similar attributes.

Despite, Prashanth et al. (2018) tested formulations with 
higher concentrations of unripe banana flour (2%, 4% and 6%) 
and obtained hedonic scores in acceptance test between 6 and 
7, lower values when ​​compared to our results.

Texture is one of the most important quality parameters 
of ice cream. In fact, it is a very complex sensory attribute as 
it is influenced by numerous factors. Adequate amounts of air, 
fat, stabilizers, emulsifiers, total solids and non-fat solids help 
to give body, can provide resistance to melting and result in 
good creaminess of the product (Souza et al., 2010). Therefore, 
many decisive factors for an adequate meltdown rate can be 
considered fundamental for a good ice cream texture. This 
fact partly explains why the traditional formulation was most 
preferred (Tables 3 and 4).

Admitting that the dairy fat plays an important role in the 
texture, creaminess, richness of flavor and body of ice cream, 
issues inherent to panellists must also be taken into account 
(Syed et al., 2018) since genetic predisposition, metabolic needs, 
and behavioral and emotional factors influence human preference 
for high-fat foods (Drewnowski & Almiron-Roig, 2010).

In the consumption intention test, the average scores assigned 
also ranged from 9 to 7-levels of the hedonic scale, from “I 
would eat this whenever I had the opportunity” to “I would eat 
this often” (Table 4). Scores among 9 and 7 were 83% and 80% 
of the responses of panellists for the traditional formulation 
and formulation 1, respectively. Therefore, the consumption 
intention of both formulations was positive, since there was a 
high frequency of panellists’ responses close to score 9 of the 
hedonic scale.

The present study had limitations. When this study was 
planned, there was a lack of studies in the literature that evaluated 
different concentrations of UBB as a fat substitute in ice cream 
formulations. Therefore, the different UBB concentrations were 
empirically tested. Moreover, complementary analyzes such as fatty 
acid profile, fiber, resistant starch, and further the instrumental 
analysis of color and texture were not performed due to the 
following reasons. Firstly, according to Pivetta et al. (2020) the 
addition of UBB in concentrations similar to the present study, 
in cream cheese formulations, did not significantly modify the 
fatty acid profile. Secondly, we included the estimate of fiber and 
resistant starch content based on the study by Mesquita et al. 
(2016). Finally, the attributes “creamy texture”, “appearance” 
and “color” have already been covered in the acceptance test.

On the other hand, this study presents strengths. This is the 
first work that proposed the development and characterization 
of homemade ice cream formulations added with the prebiotic 
ingredient UBB in partial replacement of fat. We observed 
that one of the added UBB formulations preserved important 
sensory and technological characteristics. Since the consumption 
intention of this same formulation was similar to the traditional 
one and showed good acceptability, we hypothesized that UBB 
can be used in the production of ice cream.

In a review study, Pimentel et al. (2022) point out two relevant 
aspects that could be evaluated in future research. Primarily, it is 
related to the positive effect of lower fat content in ice cream on 

Table 4. Hedonic scores measured by Acceptance and Consumption intention tests and Acceptability index (%)

Test Formulations
Mean ± 

Standard 
deviation

Sensory atributes (Mean ± Standard deviation)
Overall 

impression Appearance Creamy 
texture Color Sweet taste Vanilla 

flavor
Acceptance 

test  
(Mean ± SD*)

Traditional - 7.94 ± 1.40a 7.83 ± 1.42a 7.41 ± 1.77 a 7.98 ± 1.38a 7.91 ± 1.62a 8.13 ± 1.45a

Formulation 1 - 7.98 ± 1.31a 7.90 ± 1.39a 7.54 ± 1.69 a 7.87 ± 1.45a 8.26 ± 1.37a 8.06 ± 1.51a

Consumption 
intention 

(Mean ± SD*)

Traditional 8.03 ± 1.15a - - - - - -
Formulation 1 7.92 ± 1.26a - - - - - -

Acceptability 
index (%)

Traditional - 88.22 87.00 82.33 88.67 87.89 90.33
Formulation 1 - 88.67 87.78 83.78 87.44 91.78 89.56

*Mean values ​​followed by at least one different letter on the same column differ significantly by Students t-test (p < 0.05).Acceptance test: n = 93 panellists; Consumption intention 
test: n = 93 panellists.
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parameters that assess intestinal health (higher concentration of 
short-chain fatty acids and lower concentration of ammonia). 
Secondarily, it is associated with the use of prebiotics, such as 
UBB, in formulations added with probiotics. It has been shown 
that the combination of these two ingredients not only contributes 
to the production of short-chain fatty acids and reduction of 
fecal pH, however, also to the reduction of pathogenic bacteria 
counts, contributing to the modulation of the gastrointestinal 
microbiota. According to these authors, these effects, already 
observed in in vitro studies, have also been observed in in vivo 
experimental studies and in clinical trials.

4 Conclusion
The partial replacement of heavy cream with UBB was an 

effective way to reduce the fat content in homemade ice creams. 
Nonetheless, further studies are needed to demonstrate the ideal 
concentration of UBB that allows the maximum replacement of 
fat, increase in resistant starch content, and maintains desirable 
technological and sensory characteristics.
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