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Abstract: Ice cream is a frozen dessert that is very well known and appreciated all over the world. The
main components of conventional ice cream are sugar, fat, skimmed milk solids and stabilizers.
However, the ice cream industry is looking for new ways to improve existing products by adding healthy,
additive-free, delicately processed ingredients with a clean label. The purpose of this paper is to provide
information about plant-based drink alternatives, food products with specific characteristics created
through unique technologies and conditions. These foods differ from regular one due to their unique
composition or manufacturing process, which meets specific nutritional requirements. The industry is
also exploring using dairy-free drinks, such as soy, almond, coconut, sesame, oat drink to produce new
lactose-free products that provide plant-based protein and fat. These plant compounds' nutritional
values and health-promoting effects make them attractive and practical for consumers. While the
industry strives to reduce fats in dairy products, it is essential to maintain the quality of these products.
This is especially difficult for light ice creams, as reducing fat can lead to a deficiency in the flavor
profile and a poor texture. As consumer demand for light and low-fat ice cream continues to grow, the
quality of these products must not be compromised. Therefore, the choice and quality of plant-based
drink and bioactive compounds used in ice cream production are essential for the properties of the final
product.

Keywords: milk substitutes, grain-based plant drink, nut-based plant drink, seed-based plant drink,
pseudo-grains-based plant drink, vegetables-based plant drink

1. Introduction have elevated expectations and are eager to
The increasing prevalence of lifestyle- discover innovative and delicious food
related diseases such as heart disorders and options in the modern age [5]. At the same
depression has caused health-conscious time, they are increasingly aware of the link
consumers to reconsider their food choices. between food and health, which drives a
Consequently, the market has witnessed the desire to make safer and healthier choices
emergence of new functional foods and [6]. Different definitions of functional foods
products [1]. The global population is and nutraceutical products have been
expected to grow by two to four billion by developed over time, with one definition
2050 [2]. Ensuring a sustainable supply of defining functional food as a food capable
protein for this growing population is set to of bringing health benefits and reducing
become one of the most important disease risk [7]. Ice cream is a dessert with
challenges facing our societies in the a unique structure comprising solid, liquid,
coming decades [3]. The growing and gaseous components, a colloidal food
population is expected to need twice as with a complex structure of particles like fat
much protein as is consumed. The growing droplets, air bubbles, and ice crystals in a
demand for protein ingredients in recent freeze-concentrated aqueous solution. It is
years underlines the magnitude of this need, often made by combining milk, nonfat milk
requiring multiple approaches to be pursued solids, supplementary fat (such cream or
simultaneously to address it [4]. Consumers other fats), emulsifiers, hydrocolloids,
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flavoring agents, and other ingredients [8].
Food products that are entirely free of diary,
eggs and other animal-derived ingredients
are named “plant-based or nondairy” [8].
Given the important levels of cholesterol in
milk fat and the substantial sugar content in
conventional ice cream recipes, is not
recommended for people with diabetes or
prediabetes or for children [9]. Therefore, it
would be advantageous to investigate
alternative options for replacing milk fat in
traditional ice cream formulas [10,11].
Plant-based milk alternatives are water-
soluble extracts that resemble milk in
appearance and are produced by reducing
the size of the raw material, extracting it in
water with homogenization, separating the
solid phase from the liquid phase and
formulating the final product [12,13]. There
are a various types of plant-based milk
substitutes, such as:

e Grain-based plant drinks (oat, rice,
corn, teff, and spelt drink);

e Vegetable-based plant drinks (soy,
lupine, and pea drink);

e Nut-based plant drink (almond,
coconut, hazelnut, pistachio, peanuts,
pecans, brazil nuts and walnut drink);

e Seed-based plant drink (sesame,
flaxseed, hemp, sunflower drink);

e Pseudo-grains-based  plant  drink
(quinoa, amaranth, and buckwheat drink).

This paper provides a comprehensive
overview of plant-based drink alternatives,
and the technological interventions
implemented to improve their quality. It
also looks at potential future research
avenues that could lead to developing high-
quality alternatives to plant-based drink.

2. Functional ice cream

Ice cream is a dessert with a unique
structure comprising solid, liquid, and
gaseous components [14]. Typical ice
cream contains about 30% ice, 50% air, 5%

fat, and 15% matrix (sugar solution) by
volume, as presented in Figure 1. These
components are present in ice cream as
small particles, including ice crystals, fat
droplets, and air bubbles, dispersed in a
continuous phase called a matrix [15,16].
To understand how the microstructure of ice
cream is formed during the manufacturing
process, it is essential to understand some
concepts from the physical chemistry of
colloids, freezing, and rheology [17,18].
The definition of functional foods may
vary, but functional ice cream should offer
healthier properties and potentially reduce
the risk of disease compared to regular ice
cream [14]. People of all ages and social
classes can enjoy the benefits of functional
ice cream. Strategies for creating functional
ice cream include replacing fats and sugars
with beneficial alternatives [19]. For
example, sucrose can be replaced with
grape molasses, milk fat with protein, and
carbohydrate-based fat substitutes or fats
with a high content of unsaturated fats.
However, removing or replacing an
ingredient can impact the physicochemical
properties, which in turn can affect sensory
characteristics important to consumers
[19,20]. The primary nutrients found in ice
cream are sugar and fat, which provide the
body with energy and essential nutrients.
The fat content in ice cream can range from
10% to 16%, while the minimum solids
content in milk is set at 20% by weight. The
fat and solids in milk contribute to ice
cream’s rich, creamy texture and mouthfeel
[21]. In addition to dairy components, ice
cream may contain stabilizers, emulsifiers,
and other ingredients that help improve the
overall quality and performance of the
product. The interesting thing is that ice
cream is not only a source of essential
nutrients but also contains various vitamins
and minerals, including vitamins A, C, D,
and E, as well as phosphorus and calcium
[15].
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Fig. 1. Composition of ice cream

3. Plant-Based Ice Cream Alternatives:
Nutrition, Functionality, and Consumer
Appeal

In recent years, there has been a growing
demand for innovative, affordable, and safe
food products that offer health benefits
beyond essential nutrition. This trend has
led to the development of new functional
foods that can help prevent lifestyle-related
diseases, such as heart disorders and
depression [22]. The definition of
functional foods may vary, but functional
ice cream should offer healthier properties
and potentially reduce the risk of disease
compared to regular ice cream People of all
ages and social classes can enjoy the
benefits of functional ice cream. Strategies
for creating functional ice cream include
replacing fats and sugars with beneficial
alternatives. Plant-based drinks improves
the antioxidant, nutritional and sensory
properties of food products [23]. Water-
soluble extracts of legumes, oilseeds,
cereals, or pseudocereals that have a similar
look to milk are known as plant extracts or
plant-based milk alternatives. Including
plant-based drinks in dairy foods seems to
be a promising strategy for producing
functional foods [24]. According to the
World Cancer Research Fund and the
American Institute for Cancer Research,
most individual epidemiological studies
have shown an increased risk of prostate
cancer  associated  with  increased
consumption of milk or dairy products. The
available evidence is limited but suggests a

potential link between milk and dairy
products and the development of prostate
cancer [25]. Diet ice cream is made from
plant-based drink substitutes such as soy,
cashew, hazelnut, coconut, hemp, or
almond and is enriched with various flavors
[26]. It is an excellent option for
vegetarians, raw vegans, lactose-intolerant
people, and those who prefer a healthy
lifestyle. Plant-based drink substitutes and
dietary fiber make possible to obtain
finished products with a texture, hardness,
and firmness like ice cream obtained with
milk [5]. A plant-based drink is a functional
and nutraceutical food since it s
cholesterol-free and contains unsaturated
fats, vitamins, minerals, and antioxidants
[27-29]. Studies have shown that
completely replacing fats in ice cream can
negatively  affect  various  physical
properties  (thermal, rheological or
structural) and flavor profiles, including the
intensity and release of aromatic
compounds [14]. Balancing fat and fat
substitutes in low-fat ice cream is crucial to
achieving the desired physical and sensory
properties. The fat acts as an insulator with
low thermal diffusivity, which slows down
the rate of heat transfer in ice cream. This,
in turn, slows down the rate of melting. In
addition, non-polar fats do not affect the
freezing point, while skimmed dairy solids
used as fat substitutes can lower the freezing
point [14]. The impact of whey protein
particle size distribution on light ice cream
was examined. Ice cream containing whey
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protein with a particle diameter greater than
5 um showed greater firmness and 10%
lower overshot than ice cream with
microparticulate whey protein. Smaller
particle sizes (0.1-2 pum) contribute to a
creamy mouthfeel, while larger particles
(more significant than 3 um) can produce a
sandy texture. Of the protein-based fat
substitutes, micro-particular whey proteins
are seen as the most like fat globules on the
tongue and provide a creamy texture
[14,19,30,31]. Indeed, consumers tend to
associate creaminess with a perception of
high quality. Therefore, the particle size
distribution of fat substitutes can
significantly influence sensory attributes in
the mouth. Technologies such as high-
pressure homogenization have been
explored to improve the consistency of low-
fat ice cream. These techniques can help to

achieve a desirable texture and improve the
overall consumer experience [30,18]. High
sugar and saturated fat content can pose
health problems when consumed regularly
and in large quantities. While several non-
dairy alternatives also boast elevated levels
of sugar and saturated fat, there are superior
options that offer lower levels of saturated
fat and sugar and a protein content like that
of traditional ice cream [19,30,33,34].
Plant-based drink are liquids that result
from the breakdown (reduction in size) of
plant material, such as grains, pseudo-
grains, oilseeds, and nuts. When mixed with
water, these fluids can be homogenized to
mimic the appearance and consistency of
milk by achieving the desired particle size
distribution [5]. A classification [35] of
plant-based milk alternatives is showed in
Figure 2.

Grain-based plant drinks (oat, rice, corn, teff, and spelt drmk'_)o

Vegetable-based plant drinks (soy, lupine, and pea drink) o

Nut-based plant drink (almond, coconut, hazelnut, pistachio,
milk peanut, pecan, brazil nut, and walnut drink)

Plant-based

substitutes

Pseudo-grains-based plant drink (quinoa, amaranth, and
buckwheat drink)

Fig. 2. Plant-based milk substitutes

Ice cream manufacturers are increasingly
looking for alternatives to milk due to issues
related to its fat, cholesterol and lactose
content and the growing demand for plant-
based drink ice cream [35].

4. Plant-based drink alternatives
Functional ice cream products can be
developed with unique nutritional profiles
and sensory characteristics using plant-
based drink alternatives [21]. Incorporating
plant-based drink alternatives into ice

cream formulas can significantly impact the
final product's textural, rheological, and
chemical properties [36,37]. The different
compositional profiles of plant-based drink
alternatives can also influence ice cream's
melting behavior, overrun, and overall
stability.

Plant-based drink alternatives tend to have
higher viscosity and different flow
behaviors than milk, which can affect the
ice cream's overall quality and sensory
attributes [36].
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4.1. Grain-based plant drinks for ice
cream

Grain-based plant drinks, such as oat, rice,
corn, teff, and spelt offer unique properties
that can be leveraged in the ice cream
industry. Oat drink, for instance is known
for its creamy texture and mild flavor,
making it a suitable ingredient for ice cream
production [38]. Rice drink, on the other
hand, is often used as a lactose-free and
gluten-free alternative, providing a light and
refreshing base for ice cream.

Corn drink, with its sweet and slightly nutty
taste can contribute to the overall flavor
profile of ice cream, while teff and spelt
drinks offer additional nutritional benefits
due to their high mineral and protein
content. It can be used to create a smooth
and indulgent ice cream with a velvety
mouthfeel [39]. For instance, corn drink-
based ice cream can be paired with caramel
or chocolate flavors, creating a delightful
balance of sweetness and richness. Teff and
spelt drinks due to their high mineral and
protein content can contribute to the
nutritional profile of ice cream, making
them appealing options for health-
conscious consumer. These drinks can be
used to obtain ice cream with a more well-
rounded nutritional value, offering a
healthier alternative to traditional dairy-
based ice cream [38]. Teff drink, derived
from the ancient grain teff is a nutrient-
dense option for ice cream. It is rich in
minerals  like iron, calcium, and
magnesium, as well as protein compound,
making it a nutritious addition to ice cream
formulation [40]. Spelt drink, another
ancient grain-based drink offers a unique
flavor and texture that can be leveraged in
ice cream production. It is known for its
creamy consistency and slightly nutty taste,
which can complement a variety of ice
cream flavors [39].

4.2. Vegetable-based plant drink for ice
cream

Vegetable-based plant drinks including soy,

lupine, and pea drink offer diverse
properties that can be advantageous in the
ice cream industry [38]. Lupine drink,
derived from the lupine bean, is a relatively
new player in the plant drink market, but its
potential as an ice cream ingredient is worth
exploring [41]. Pea drink with its high
protein content and subtle flavor can be an
excellent choice for individuals seeking a
more nutritious ice cream option [42].

Soy drink, for instance, is a popular choice
due to its neutral flavor and ability to mimic
the creaminess of milk, being a reliable
source of protein, containing all the
essential amino acids, and being rich in
various vitamins and minerals, such as
calcium, iron, and vitamin B [43]. The
protein content in soy drink may help
improve the texture and mouthfeel of ice
cream, while the lipid content may
contribute to the overall creaminess of ice
cream [35,44]. Regular consumption of soy
products can provide health benefits, such
as reducing the risk of cancer and
cardiovascular disease, diabetic diseases,
and improving bone and Kkidney health
[45,46]. Soy drink is an economical source
of high-quality plant protein. Compared to
milk, soy drink contains a similar amount of
protein but only one-fifth of the calcium
[47].

4.3. Nut-based plant drinks for ice cream
Nut-based plant drinks, such as almond,
coconut, hazelnut, pistachio, peanut, and
walnut drink offer a range of flavors and
textures that can be leveraged in the ice
cream industry.

Almond drink with its delicate flavor and
creamy texture can be used to create a light
and refreshing ice cream. Almond drink is
known for its subtle nutty flavor and low-
calorie content compared to milk [48]. It is
also a reliable source of vitamin E, an
excellent source of dietary fiber,
monounsaturated fatty acids, protein,
essential  minerals, riboflavin, and
antioxidants and can contribute to the
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nutritional profile of ice cream products
[44]. Almond drink's lower protein and fat
content than milk may require additional
stabilizers and emulsifiers in ice cream
formulas to achieve a similar creamy
texture and mouthfeel [49]. The low-fat
content of almond drink may also result in a
lighter ice cream texture, which may be
desirable for specific consumer preferences
[44,50]. Almond drink is beneficial for
coronary heart disease, as it lowers LDL
cholesterol in plasma. This non-dairy drink
is an excellent alternative to milk for the
hypersensitive  and  lactose-intolerant
population [50,51].

Walnut drink, with its nutty and slightly
astringent notes of walnut drink can provide
a pleasant counterpoint to the sweetness of
the ice cream, resulting in a more
sophisticated and well-rounded flavor
experience. This drink can be particularly
effective in pairing with richer, more
refinement ice cream flavors, such as
chocolate or caramel, to help cut through
the sweetness and add depth to the overall
taste [21]. Hazelnut drink, with its
distinctive nutty flavor, can be used to
create unique and sophisticated ice cream
varieties, while pistachio drink can add a
vibrant green color and distinctive taste to
ice cream [52]. Coconut drink is another
popular plant-based alternative used in ice
cream production and can impart a rich taste
and mouthfeel to ice cream, being a popular
choice for tropical-inspired flavors [21,50].
It is high in saturated fat, which can
contribute to ice cream's rich and creamy
texture [53], but also is a source of various
nutrients, including potassium, magnesium,
and vitamin C [54].

The distinct flavor of coconut drink may be
desirable in certain ice cream products,
lending a tropical flair to the sensory
experience [55,56]. However, it is
important to note that coconut drink is
higher fat content may require formulation
adjustments to achieve the ice cream's

desired texture [44]. The high oleic and
lauric acid content in coconut drink also
helps  prevent arteriosclerosis  and
associated diseases. Confectioners,
bakeries, biscuits and ice cream industries
widely use coconut drink to enhance the
aroma and taste of various products [29].
Peanut drink with its rich and nutty flavor
can be used to create unique ice cream
varieties, such as peanut butter-flavored ice
cream [57,58].

4.4. Seed-based plant drink for ice cream

Seed-based plant drinks, including sesame,
flaxseed, hemp, and sunflower drink, offer
a range of nutritional benefits and unique
flavor profiles that can be advantageous in
ice cream production.

Sesame drink can be used to create ice
cream with a unique and distinctive flavor
and contain many active compounds with
antioxidant properties [59,60].

Flaxseed drink, rich in omega-3 fatty acids,
can provide a nutritional boost to ice cream,
catering to health-conscious consumers.
Because of its extraordinarily high levels of
phytoestrogens, dietary fiber, alpha-
linolenic acid (ALA), and high-quality
protein flaxseed is an attractive food
product [61].

Hemp drink can be a versatile option for ice
cream formulations [62], with a low content
of saturated fats and a high nutritional value
[63,64]. Hemp seeds have been shown to
contain all nine essential amino acids, the
most abundant being cysteine and
methionine [65].

Sunflower drink, with its light and slightly
grassy taste, can be used to create refreshing
and delicate ice cream varieties [66].

4.5. Pseudo-grains-based plant drink for
ice cream

Pseudo-grain-based plant drinks can offer a
range of health benefits and distinctive
flavor profiles that can be leveraged in the
ice cream industry, catering to consumers
seeking more nutritious and innovative ice
cream options [57].
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Quinoa drink, derived from the ancient
superfood quinoa, is another option for ice
cream production. Quinoa is a gluten-free
pseudo-grain that is high in protein, fiber,
and various vitamins and minerals, making
it a nutritious addition to ice cream [38].
Amaranth drink, made from the nutrient-
dense amaranth grain, can also be used in
ice cream formulations [65]. Buckwheat
drink, despite its name, is derived from the
buckwheat plant, a gluten-free pseudo-
grain, and can contribute to a unique and

earthy flavor to ice cream [67]. With the
growing consumer demand for plant-based
and healthier alternatives, the use of diverse
plant-based drinks in ice cream production
can provide a wide range of opportunities
for manufacturers.

The nutritional composition of milk and
milk alternatives is a key factor to consider
in the formulation of ice cream. A
comparison of the nutritional properties of
soy, almond and coconut drink is presented
in Table 1:

Table 1.
Nutritional properties of soy, almond and coconut drink
Nutrients Protein Fat content Carbohydrate Calorie Additional Study
content content content nutrients
Soy drink High Moderate Moderate Rich in vitamins [50]
Moderate content .
content content content and minerals
?rlirr?lg nd Low content | Low content Low content Low content | Rich in vitamin E [26]
Coconut Moderate High . High Moderate vitamins [68]
. High content .
drink content content content and minerals

5. Plant-Based milk alternatives:
benefits, challenges, and innovations

Milk has been an essential human food
source since the seventh-millennium BCE.
Milk is a complex, highly nutritious food
that provides the necessary proteins, lipids,
vitamins, and minerals, especially calcium.
However, only some people respond well to
milk consumption. Lactose intolerance
(which affects about 75% of the world's
population) and allergy to cow's milk
proteins are the main disadvantages of milk
consumption. The vegan diet is becoming
increasingly popular due to concerns about
environmental pollution and animal
welfare. Additionally, although many
people are lactose intolerant, lactose has
been shown to improve the bioavailability
of calcium and other minerals, so this
should be considered when choosing
between milk and plant-based drinks. Plant-
based drink have fewer minerals and
vitamins, and their absorption is less
consistent than milk [69]. However, plant-
based drinks are usually fortified with

vitamins, especially calcium, to improve its
nutritional value. On the other hand, plant-
based drink alternatives contain some
antinutrients that can interfere with mineral
absorption and reduce protein digestibility
[70]. These antinutrients include phytic
acid, trypsin inhibitors, and inositol
phosphates. Despite this, plant-based drink
alternatives, especially soy-based drink
substitutes, contain other vital components
who are not present in milk, such as dietary
fiber and isoflavones [71]. Therefore, plant-
based drink alternatives have emerged as
promising substitutes for mammalian milk
in daily diets [70], and lately there is an
increase in the production of plant-based
foods in the food sector. The production of
alternatives to plant-based drink involves
several steps, which can vary depending on
the type of raw material used. Typical steps
include wet grinding, filtering, adding
additional ingredients (such as gums, salt,
sugar, oils, minerals, and vitamins),
sterilization,  homogenization,  aseptic
packaging, and cold storage [70,72].
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Alternatives to plant-based drink comprise
the breakdown of plant materials such as
cereals, legumes, oilseeds, nuts, water
extraction and subsequent homogenization
of these fluids. The size of their particles is
distributed in the range of 5-20 um, so
plant-based drink is like milk in terms of
appearance and consistency [46,73]. Plant-
based drinks do not contain lactose and
cholesterol and have a higher content of
unsaturated fatty acids. However, some
plant-based drinks contain refined sugars
with a higher glycemic index than cow's
milk, which is essential to consider. On the
other hand, plant-based drinks contain
micronutrients that are not present in milk
and have valuable bioactivity [72]. Fresh
plant-based drink alternatives have a short
shelf life and are limited in consumption. To
increase shelf life, heat treatment, in
particular pasteurization and ultra-high
temperature (UHT), is standard in
producing  alternatives  plant  drink.
However, heat treatment can alter the
properties of proteins, vitamins, and
minerals, affecting the stability and sensory
properties of the final product [70]. Non-
thermal techniques are being researched to
increase the shelf life of plant-based drink
alternatives without compromising their
stability, nutritional value, or sensory
profile. Ultrasound method, pulsating
electric fields method, ohmic heating
method, and high- and ultra-high-pressure
homogenization are sustainable techniques
that preserve plant-based drink alternatives
and enhance a large-scale production [72].
Another challenge for plant-based drink
alternatives is their higher cost of
production, a key factor in food choice
decisions. In one region of Canada, many
consumers found these products expensive
[74]. Despite the price, manufacturing
plant-based drink alternatives has positive
environmental effects, such as reduced
water use and the potential to reduce climate
change and ecotoxicity [69]. Plant-based

drink alternatives can be used as a beverage
or as an ingredient in cheese, cream,
yoghurt, butter, ice cream, and other
desserts [74]. The nutritional profile of
plant-based drink alternatives is essential
when comparing them to dairy products
[75].

Plant-based drink alternatives have a
different nutritional profile than milk,
which is influenced by the plant's source,
how it is processed, and whether it has been
enriched with additional ingredients [76].
Animal proteins provide unique sensory
and textural properties to foods that cannot
be easily reproduced with plant-based meat
alternatives. However, the industry has seen
two  challenges  regarding  sensory
acceptability for consumers. First, a
finished product may have a "spicy" or
"chalky" mouthfeel caused by large
insoluble particles. Second, consumers
identify the different flavors of plant-based
drinks and their textural attributes and
appearance, affecting purchasing decisions
and conceptualization. To make plant-based
drinks tastier and more appealing from a
organoleptic point of view, flavors are often
added, and different raw materials are
mixed [72,77]. Due to its multiphasic
nature, achieving the desired texture and
sensory qualities in plant-based ice cream
requires a robust protein structure.
Therefore, the quality and quantity of
protein in the milk or milk alternatives used
for production of ice cream are essential.
Replacing skimmed milk powder with soy
protein isolate increases ice cream samples'
viscosity, melting time, and hardness [46].
Soy-based drink has a protein content
comparable to milk and fortifying ice cream
with soy protein improves the product's
texture, firmness, and viscosity [50]. Soy
lecithin also emulsifies, increase viscosity,
stability, and texture, prolonging ice
cream's melting time [43,78]. Coconut
drink increases the viscosity of the ice
cream mix, reduces the ice cream's melting
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time and improves the nutritional content of
ice cream [28,29]. The main challenge in
using coconut or soy drink in ice cream is
achieving a stable colloidal system. The
lecithin in soy drink creates a hard ice cream
that must soak at room temperature for 15
minutes before serving [29].

5.1. Functional and rheological
properties of plant-based ice cream
alternatives: Impact on texture and
sensory quality in ice cream formulation
The functional properties of milk and milk
alternatives play a crucial role in ice cream'’s
texture, mouthfeel, and stability [44]. The
natural composition of milk contributes to
its creamy texture and emulsifying
properties, providing a familiar flavor and

mouthfeel  [33], while plant-based
alternatives drink may require additional
stabilizers and emulsifiers to achieve
similar results [36].

Soy drink's protein content and emulsifying
properties make it a valuable alternative,
while coconut drink's high-fat content and
distinct flavor add a more intense flavor to
ice cream products [79].

Almond drink, with its lower fat and protein
content, presents unique formulation
challenges and provides opportunities to
create lighter textures in ice cream [39]. A
comparative table is shown below (Table 2)
to highlight the textural properties of soy,
almond, and coconut drink in ice cream
formulas:

Table 2

Textural properties of soy, almond and coconut drink in ice cream

Property Soy drink Almond drink Coconut drink
Creaminess Creamy texgﬁ;{;’;}h moderate Light and airy texture Rich and dense texture
Sensation in . .

the mouth Smooth and velvety Light and gentle Creamy and luxurious

Melting . . . .
. Moderate melting resistance Faster melting rate Slower melting rate
resistance
Study [50] [26] [55]

The tropical flair of coconut drink and the
subtle nuts of almond drink provides
opportunities to create unique flavor
profiles in ice cream. Understanding and
capitalizing on these sensory characteristics
can drive innovation and meet various
consumer preferences in the ice cream
market [55]. These differences in texture
can be attributed to the various
compositions and functional properties of
plant-based drinks, which ice cream
producers can use to create a diverse palette
of textures and sensory experiences.

Rheological properties, such as viscosity
and shear behavior are critical in
determining ice cream's textural properties
and mouthfeel [80]. Understanding plant-

based drinks rheological properties
becomes essential in formulating ice cream
with the desired sensory attributes [74]. For
example, the high-fat content of coconut
drink contributes to a creamier and denser
ice cream texture, while the lower fat
content of almond drink can lead to a lighter
and airier feel [81]. Those milk alternatives'
different viscosity and flow behaviors
directly impact the ice cream product's
overall quality and sensory experience [82],
and the most challenging aspect of plant-
based ice cream alternative technology is
the rheological properties, particularly the
viscosity of the cream mixtures. Ice cream's
ability to return to a static state after
freezing is crucial in determining the
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structure formation patterns. Ice cream
comprises various mixtures that require
specific rheological properties to ensure a
perfect texture. These properties are
obtained with the help of inulin,
maltodextrin, gum, polydextrose and
pectin, which bind water and structure
mixtures  with  several  components
[28,83,84].

5.2. Physico-chemical and sensorial
properties of plant-based  drink
alternatives in ice cream formulation
Plant-based ice cream alternatives are
becoming increasingly popular due to
milk's  high  fat, cholesterol, and
allergenicity content. Chemical
composition of plant-based drink affects the
interactions between the ingredients in the
ice cream formulation [70]. This, in turn,
influences factors such as emulsion
stability, fat crystallization, and ice crystal
formation [68]. A point worth noting is that
the chemical composition of plant-based
drinks also influences the flavor profiles of
ice cream. Capitalizing on distinct flavors,
such as the nutty hues of almond drink or
the tropical notes of coconut drink, creates
unique and appealing ice cream products
that align with evolving consumer
preferences for healthier and more
sustainable food options. Plant-based drinks
offer several opportunities and challenges
for developing functional ice cream
products [54]. The protein content and
emulsification capabilities of soy drink, the
richness of coconut drink, and the unique
textural properties of almond drink provide
ice cream producers with diverse tools to
create innovative and appealing products
that cater to evolving consumer preferences
[44]. Dietary fiber (psyllium and pectin) has
been added to almond and hemp drink (O-
10%) to improve plant-based ice cream
alternatives' rheological, textural, and
sensory properties. Technologically, to
achieve specific consistency and sensory
characteristics, it is recommended to add a

maximum of 6% psyllium fiber and 8%
pectin. Regarding organoleptic evaluation,
the plant-based ice cream alternative with
almond drink was preferred for its sweet
flavor. In contrast, the plant-based ice
cream alternative with hemp drink was
valued only for its  improved
physicochemical and rheological properties
[63]. Aboulfazli et al. [83] compared
fermented ice cream prepared with various
alternatives to cow's, soy and coconut drink
and combinations of these alternatives
(25%, 50% and 75%). When a mixture of
75% soy and 25% alternative coconut drink
was used instead of milk, the probiotic
development of L. acidophilus and B.
bifidum in fermented ice cream was
significantly increased compared to when
milk was used [29]. Diniz et al. [85]
conducted a study to develop and
investigate the feasibility of integrating
water-soluble plant extracts from baru nuts
and cashew nuts to produce peanut-flavored
and cocoa-flavored vegan ice creams. The
peanut-flavored ice cream had higher lipids
and proteins levels, but lower moisture and
carbohydrates. The cocoa-flavored ice
cream had higher melting rates and
overruns. Consequently, both variants
showed potential for commercial viability
and consumer acceptance, providing an
alternative for people with dietary
restrictions or as a general food option [85].
Matabura [86] conducted a study to
examine the melting characteristics of
dairy-free ice cream that uses cashews drink
and coconut cream as the main ingredients.
Those ingredients were prepared separately
and combined in different proportions to
create the milk-free ice cream. The content
of protein, fiber, fat, and ash increases with
the addition of coconut cream, while the
moisture decreases. The melting properties
of ice cream changed with the increase of
coconut cream [86]. In formulating
functional ice cream, it is reasonable to use
combinations of ingredients to achieve both

lonela IACOBAN, Adriana DABIJA, Ancuta CHETRARIU, Plant-based milk alternatives on a
segment of functional ice cream — A review, Food and Environment Safety, Volume XXIV, Issue 1 —

2025, pag. 65 — 79



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XXIV, Issue 1 —2025

health benefits and optimal sensory quality,
finding the right balance between the two of
them.

6. Conclusions

The consumers are becoming more
concerned about sustainable living, food
security, and environmental issues and this
is also reflected in the growing demand for
vegan ice cream, based on plant-based
alternative drinks. Both allergies or
intolerances to lactose, as well as the desire
to have a healthier diet, with reduced fat or
sugar consumption, the segment of
alternative drinks to milk is growing more
and more. In the ice cream sector, grain-
based plant drinks, vegetable-based plant
drinks, nut-based plant drink, seed-based
plant drink, and pseudo-grains-based plant
drink are mainly used. The most widely
used vegetable drinks are obtained from
soy, oat, coconut, almond or hemp for their
functionally active components. Milk
substitutes are used to formulation of ice
cream-like characteristic, but depending on
the nature of the vegetable drink used,
various quality parameters are influenced,
including viscosity, melting resistance,
overrun, and the texture. Plant-based drink
has proven to be an effective alternative to
produce vegan ice cream with high
acceptability from consumers, but also with
a balanced composition.
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