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Abstract:

The consumption of fat raises the risk of coronary heart disease and a number of chronic diseases such as obesity. However,
removing fat or reducing its level in the final product may give it undesirable properties since fat plays an important role in
the quality of food, mainly its texture and flavor. Therefore, natural or artificial fat replacers are utilized in food formulations
instead of natural fat. Fat mimics are based on carbohydrates, proteins, and/or lipids, with energy values of 0-38 kJ/g (0-9 kcal/g).
They mimic physical properties and sensory attributes of fat but have less energy and calories. Fat substitutes have physical
and functional characteristics of conventional fat molecules which are directly replaced with synthetic molecules that provide no
calories or structured lipid molecules. Dairy products represent a principal part of consumer diet all over the world.

Therefore, this review aimed to expound how fat replacers can be used to overcome the defects of fat absence or reduction in
dairy products. It was reviewed different types and sources of fat replacers, both micro- and nanoparticulated, and highlighted
their application in cheese, ice cream, frozen yogurt, fermented milk, and fatty dairy products. Some of the currently applied
micro-particulated proteins include Simplesse® (whey protein), APV LeanCreme™, and Dairy-Lo® (micro-particulate protein +

micro-particulate cellulose).

While whey protein has a great role in the dairy sector today, there is a need for further research in this field.
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INTRODUCTION

One of the challenges of modern food products is
that consumers expect them to be simultaneously deli-
cious and healthy, while fat, or lipid, is the most impor-
tant energy source for the human body. Fat is vital for
normal growth, supplying the body with fatty acids
and fat-soluble-vitamins. However, the immoderate con-
sumption of saturated and hydrogenated fat has resul-
ted in the opposite impact on human health. High fat
consumption may correlate to chronic diseases like obe-
sity, type-2 diabetes, cancer, and cardiovascular diseases.
On the other hand, fat is required in food for its pala-
tability, acceptability, as well as textural and emulsion
properties [1, 2].

In view of consumers’ health consciousness, food ma-
nufacturers need to produce low-fat products to lower
cholesterol and the risk of coronary heart disease in hu-
mans [3-5]. The American Dietetic Association (ADA)
described several terms such as reduced, light, low-fat,
and non-fat, or no-fat, dairy products [6]. It is currently
recommended that the fat intake should be reduced

to <30% of calories and that saturated fats should acco-
unt for <10% of total energy intake. The American
Heart Association also recommends that people with
elevated levels of low-density lipoprotein cholesterol
or cardiovascular disease should restrict saturated fats
to <7% of calories. To achieve a healthier dietary pat-
tern, people should increase the intake of vegetables,
fruits, and grains, as well as modify the type and amo-
unt of fat consumed [7-10].

However, consumers are often discouraged from buy-
ing low-fat or non-fat food products since their texture
and sensory properties are not as good as those of full-
fat products. This gave rise to fat replacers which
simulate the most abundant features of full-fat food [11].

Fat replacers are classified into fat substitutes and fat
mimetics. Fat substitutes are the most novel molecules
used to minimize fat ratios in food. They supply dairy
products with sensory and functional characteristics
of fat but are low in calories or have no calories at all.
There is a variety of fat substitutes, including carbo-
hydrate-derived fat substitutes, which can hold water
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and have a creamy texture close to that of fat (such as
starches and gums), protein-derived fat substitutes (such
as egg white, milk, and whey), synthetic fat substitutes,
and fat compound substitutes. Fat mimetics are ingre-
dients which partially mimic the organoleptic features
of animal fat. They are comprised of food hydrocolloids
such as gums, cellulose microfibrils, and pectin. They
consist of protein, protein aggregates, protein-polsacy-
charide composites, and emulsion gels, which have re-
ceived more attention lately. Decreasing calorie intake
by consuming low- or non-fat food is one of the most
serious strategies to overcome many common disea-
ses [11-13]. A high-protein diet could reduce the risk of
sarcopenia and other types of muscle loss [14].

The high reactive features of protein-based fat
replacers towards pH, temperature, ions, and enzymes
can be tuned with distinct physiochemical properties
for expanded food and dairy applications, e.g., in yogurt,
cream cheese, salad dressings, as well as cheese and fro-
zen desserts. Animal proteins have a greater quality due
to their well-balanced amino acid profiles and high diges-
tibility and bioavailability compared to plant proteins,
which are low in cysteine and methionine [15, 16].

There has been plenty of research into types of fat
replacers, as well as their action, properties, and food
applications. However, only few studies have discussed
the development of protein-based fat substitutes and
their effects depending on the source of protein, its par-
tial weight and solubility. We aimed to present several
types of fat replacers and describe their action and ap-
plications in some dairy products.

STUDY OBJECTS AND METHODS

The objective of this review was gathering the aca-
demic papers concerning with methods of application
of various fat replacers in dairy products. For this, we
used pertinent keywords, namely “fat mimetic”, “nano-
particles” and “dairy products”. We focused for English-
language articles at most published in 1999-2023 beca-
use 1999 was the year when the issue of fat replacers
was first raised, boosting scientific research. All papers
have a citation index of more than 1000 and at least
50 citations in digital databases, namely Web of Science,
eLIBRARY.RU, and Scopus. The list of publication was
limited to high-quality peer-reviewed journals and all
references were screened for relevant researches. There
was no need to include books or non-academic materials
into the review.

RESULTS AND DISCUSSION

Definition, classification, and action of fat repla-
cers. Solanke ef al. defined a fat replacer as a material
that replaces all or some of the fat properties in food and
gives it a taste, texture, or mouthfeel identical to those of
full-fat food [17]. Fat replacers serve two purposes: they
reduce the amount of fat and lower the caloric value of
a food product. They have energy values of 0-9 kcal/g,
as mentioned by Syan et al. [18]. Nourmohammadi et al.
classified fat replacers into two groups according to
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their properties and processing method [11]. The first
group includes fat substitutes that function similarly to
fat and have few or no calories. There are three main
types of fat substitutes based on their source, namely
1 carbohydrate-based fat substitutes, which can hold wa-
ter and have a creamy texture close to that of fat (such
as starches and gums); 2 protein-based fat substitutes
(such as egg white, milk, and whey); and 3 fat-based
fat substitutes, which are too large to be digested with
little contribution to calories (such as Caprenin, a cocoa
butter fat substitute and Olestra). The second group of
fat replacers covers fat mimetics — constituents that
partly imitate the sensory qualities of animal fat, such as
hydrocolloids food (gums, cellulose microfibrils, pectin),
proteins, protein aggregates, protein — polysaccharide
composites, and emulsion gels. Fat mimetics are general-
ly polar, water-soluble compounds which cannot replace
some of the non-polar functional characteristics of fats.
Their polar nature facilitates water binding, which helps
generate a sense of creaminess in food similar to that in
full-fat products [19, 20].

In 2006, Jones and Jonnalagadda mentioned that fat
replacers facilitate the development of low-fat and fat-
free food that have the taste and texture of high-fat
food [21]. Urgu et al. pointed out that fat replacers or
mimetics alter the casein matrix in cheese [22]. When
added to milk, they do not interact with the casein net-
work but do fill spaces. They are commonly used for a
fat reduction of > 50%. These materials are usually star-
ches or denatured whey protein aggregates. Thomas ef al.
reported that fat mimetics tended to have a higher
moisture-holding capacity than casein, so they promoted
a higher moisture level in cheese [20]. Fat replacers and
fat mimetics boosted the mellowness and softened the
body. However, their exaggerated use could increase
stickiness and reduce shreddability. Fat replacers increa-
sed the flow ability of cheese when heated. In addition,
more whey released into the cheese matrix made the
texture softer.

Fat replacers or mimetics cannot be used in cheese
where the standard of identity does not allow for their
use. They are typically synthetic molecules which pro-
vide no calories or structured lipid molecules. Fat sub-
stitutes can successfully maintain the palatability of
food as they can imitate the texture and mouthfeel of
fat. They are generally heat-stable. Thus, fat replacers
exchange fat molecules in food for components with
comparable properties and supply a minimal calorific
value [23].

Fat substitutes available as artificial materials.
In 2016, Ognean et al. listed the following fat replacers:
—olestra, a mixture of hexa-, hepta-, and octa-esters of
sucrose;

— caprenin (capro-capryl-obehenic-triacyl-glyceride) ma-
nufactured from glycerol by esterification with caprylic,
capric, and behenic fatty acids;

—salatrim, which is the generic name for a family of
structured triglycerides comprised of a mixture contai-
ning at least one short-chain fatty acid;
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—emulsifiers (such as sucrose fatty acid esters, mono-
and di-glycerides, lecithin, sodium stearoyl-2-lactylate,
and poly-glycerol esters) containing both hydrophilic
and lipophilic properties that enable them to act as
emulsifiers;

— orbestrin, a mixture of tri-, tetra-, and penta-esters of
sorbitol and sorbitol anhydrides with fatty acids;

— dialkyldihexadecylmalonate, a fatty alcohol dicarboxy-
lic acid ester of malonic acid and alkylmalonic acid;

— esterified propoxylatedglycerols, a family of derivatives
of propylene oxide prepared by reacting glycerol with
propylene oxide; and

— tri-alkoxy-tri-carballylate, trialkoxycitrate, and trial-
koxyglyceryl ether, polycarboxylic acids with two to
four carboxylic acid groups esterified with saturated or
unsaturated alcohols [9].

Other commercial fat replacers. Etenia™: an E-num-
ber-free fat substitute classified as starch and malto-
dextrin in Europe and malto-dextrin in the rest of the
world. The product is easy to add when processing dai-
ry and bakery products or emulsified low-fat products.
It has unique thermo-reversible gelling characteristics.
Etenia™ is used in indulgent products and saves the main
cost in fresh and cream cheese, quark, and yogurt [24].
Etenia™ enhances creaminess and reduces fat in ice
cream. It can also be used in fat-reduced cake mixes and
dough. This thermo-reversible amylopectin hydrocolloid
builds texture during 16-24 h only when the product
is cooled (1-4°C). Small amounts of this fat replacer
enhance the perception of creaminess in low-fat yogurt
(1.5%) to that of full-fat yogurt (5%), as reported by
Alting et al. [25].

Inulin: a non-digestible prebiotic fiber and carbo-
hydrate polymer consisting of three to sixty units of
D-fructose known as fructans. Fructans are linked toge-
ther with beta(2-1) glucosidic bonds and usually have
a D-glucose unit at one end. This fat replacer can be
safely used without specific limitations in a wide variety
of dairy products [26, 27]. Inulin, which is low in
calories, possesses many health benefits, especially due
to prebiotics that stimulate the growth of beneficial
intestinal bacteria [28, 29]. In addition, inulin has been
effectively used to modify textural and organoleptic
enhancement in food products [29, 30]. Meyer et al. con-
cluded that the effect of inulin on the rheological beha-
vior and texture of dairy products depends not only on
its concentration but also on the degree of its polyme-
rization [31]. The ability of inulin as fat replacer is not
only related to the modification thickness or hardness
of the product but also to changes of other mouth feel.
Junyusen et al., who studied the usage of inulin as
a partial fat replacer in reduced-fat cheese, reported
that it improved the product’s textural, thermal, and
microstructural characteristics, making them comparab-
le to those of full-fat cheese [5].

Micro- and nanoparticles as fat replacers in dairy
products. Recently, policy-makers and consumers ha-
ve sought reduced calorie intake, particularly through
low-fat dairy products. However, low-fat products can
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“active fillers”

have some defects. This motivated food scientists to
design fat mimetics that could echo the functional and
sensual features of fat [32]. For example, Peng and Yao
differentiated between macromolecules and micropartic-
les [33]. The former had similar properties to those of full
fat, while the latter had shapes and sizes similar to those
of fat globules, thus allowing them to behave like fat.

Fat mimetic substances imitate the organoleptic, phy-
sicochemical, and microstructural characteristics of fat
by utilizing biocompatible and biodegradable proteins
and/or carbohydrates in a native form, in an aggregated
state, or in the form of bio-polymeric particles [34]. Fi-
gure 1 illustrates the reported bibliographic data for fat
replacers, including protein-based fat replacers. It pre-
sents scientific literature and citations, with the highest
number of publications produced in 2017, high-lighting
the topical nature and importance of this field in the
period from 1998 to 2018. A substantial yearly increase
can be observed from 2012 for both total and protein-
based fat replacers, with the latter contributing to nearly
one-third of the total publications to-date. The data cha-
racterize this filed as a priority area in the food science,
as mentioned by Kew et al. [34].

Protein-based microparticles as fat replacers. Micro-
particulate proteins have a smaller particle size (0.1-
20 um diameter) compared to concentrate/isolate pro-
tein. They are created using thermal treatments and
high shear processes at low pH. Protein microparticles
are known under such common names as Simplesse®
(whey protein), APV LeanCreme™ (SPX Technology),
or Dairy-Lo® (micro-particulate protein + micro-particu-
late cellulose) [34].

Torres et al. reported that reducing fat in yogurt con-
tributed to higher syneresis, weaker body, and unsatis-
fying texture [35]. Milk whey protein might behave as
, further increasing the viscosity of low-
fat yogurt [36]. Furthermore, where milk whey protein is
larger than the protein of fat globules, it creates a higher
level of serum separation, increased graininess, and
lower firmness compared to whey protein concentrate.
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Figure 1 The publication numbers (bars) and citations (lines)
for fat replacers (black bar, solid line) and protein-based fat
replacers (white bar, dashed line)
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According to Li ef al., the interaction of gel emulsion
with yogurt proteins enhanced the stability of the ne-
twork structure, resulting in a higher water-holding
capacity and better texture or storage stability of emul-
sion gel yogurts [37]. However, the structure of the
yogurt made with whey protein emulsion gel micropar-
ticles prepared from vegetable oil was more easily dest-
royed than that of the yogurt made with whey protein
emulsion gel microparticles prepared from milk fat.

El-Aidie et al. used three types of commercial micro-
particulate whey protein at 0.3—0.9% in low-fat Edam
cheese and found that it reduced firmness, restored
proteolysis and opaqueness, as well as improved sensory
acceptability [38]. Milk whey protein acted as “inactive
fillers” in yogurt [35]. The microstructure of low-fat
pickled cheese significantly opened up after supple-
mentation with Simplesse® at the 0.9% concentration,
resulting in the lowest firmness. This effect was also
seen in a study by Akin and Kirmaci, who used Simp-
lesse® at 1% [39]. However, higher concentrations of this
milk whey protein (3—7% w/w) increased the product’s
hardness and firmness, which limits its effective use in
cheese to small concentrations [40]. As for sensory pro-
perties, it was established that milk whey protein at
0.6% contributed to optimum body and texture and the
cheese with DairyLo® and Protelo® had a better flavor
than that with Simplesse® [38].

Many studies have explained how to design dairy
products with little or no fat by using proteins and
micro-particulate proteins to simulate full-fat products.
Whey protein appears to dominate the dairy sector.
Figure 2 shows some types of protein-based fat rep-
lacers [18]. Although there has been a recent interest in
the use of plant proteins, their characterization, under-
standing, and application are still highly limited. In ad-
dition to rheology, particle size, and sensory evaluation,
tribology is currently applied to understand the Iubri-
cation properties of fat replacers. Combining tribology
with muco-adhesion techniques can provide powerful
screening tools for identifying fat mimetics with just-
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right mouthfeel properties. Besides proteins and com-
mercial micro-particulate proteins, micro-gels have
recently demonstrated superior rheological and lubri-
cation performance as potential fat replacers. However,
literature lacks information on the sensory perception
of micro-gels and the challenges of their commercial
production appear to be a bottleneck that delays their
application in food [34].

Application of fat replacers in dairy products.
Low- or reduced-fat dairy products are generally in high
demand. Consequently, many fat substitutes are used to
mitigate the textural and sensory disorders in the final
products caused by minimizing fat content. Common
fat replacers used in dairy products are oligo-fructose,
inulin, maltodextrin, poly-dextrose, milk proteins, soy
proteins, dietary fibers, and starches.

Fat replacers in cheese. Cheese is a favorite dairy
product for people of all ages. Today, consumers are in-
creasingly looking for low-fat cheese with favorable qua-
litative properties, which raises the importance of using
fat replacers in cheese manufacture.

Processed cheese spread. Mounsey and O’Riordan
reported that rice starch appears to have the greatest
potential as a partial casein substitute in imitation che-
ese [41, 42]. The action of starch on processed cheese
properties was referred to phase attitudes between pr-
otein and starch, as shown in confocal laser scan-
ning micrographs by Diamantino et al. [43]. A study by
Mehanna et al. also presented low-fat processed cheese
spreads based on starch [44].

In 1999, Mounsey and O’Riordan manufactured pro-
cessed cheese with various levels of pre-gelatinized
maize starch and found that the product’s melt-abili-
ty decreased with increasing levels of starch [41]. In
their study in 2001, the same authors used mixtures of
Ras cheese and acid or rennet curd of skimmed milk
with various fat replacers such rice powder, whey pro-
tein concentrate powder, Jerusalem artichoke, oat, and
Simplesse®100 at a concentration of 0.5% [42]. Different
microstructures observed in the low-fat spreads and
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Figure 2 Protein-based fat replacers
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the control reflected the differences in their fat contents
and the contents of fat replacers. However, Wahed et al.
replaced milk protein concentrate in low-fat spreadable
cheese with a synergized filler branded as “Gervizol”,
which contained soy proteins, soy fibers, maltodextrin,
and modified starch [45]. El-Assar et al. revealed the
impact of inulin on the physicochemical, rheological,
and sensory characteristics of low-fat processed cheese
spread and evaluated the stability or changes in these
characteristics under cold storage conditions [46]. Ac-
cording to their results, replacing milk protein in low-
fat processed cheese spread with 5% of inulin lowered
the hardness and increased the adhesiveness of the
product compared to low-fat cheese free of inulin.

In 2020, Schidle et al. studied the influence of inu-
lin, corn dextrin, polydextrose, and micro whey protein
combined with rennet-casein on the melting behavior,
dynamic rheological properties, and hardness of redu-
ced-fat processed cheese [40]. They found that increa-
sing concentrations of inulin and corn dextrin dimini-
shed the flow ability of cheese.

In recent study, Sotowiej et al. examined the effect
of fat replacement with whey protein micro-coagulates
on the physicochemical properties and microstructure of
acid casein model processed cheese [47]. According to
their results, partial replacement of anhydrous milk fat
with whey protein micro-coagulates (3—8%) increased
the hardness and viscosity of acid casein processed
cheese. Whey protein micro-coagulates acted as a fat
substitute without causing negative changes to the struc-
ture of the final product. Physiochemical properties sho-
wed higher viscosity or good melting properties.

Mozzarella cheese. There has not been much rese-
arch into Mozzarella cheese. Daia ef al. added konjac
glucomannan to fat-reduced Mozzarella cheese, which
mainly affected its texture, color, and browning, as
well as slightly increased its moisture and A4 [48]. The
authors recommended konjac glucomannan as a poten-
tial fat replacer to be used in fat-reduced Mozzarella
cheese. Low-fat Mozzarella cheese was also prepared
by Chatli et al. by incorporating 0.3% sodium alginate
as a fat replacer with comparable and acceptable phy-
siochemical, textural, color, and sensory attributes [49].
The cheese was almost by 44% lower in calories than
full-fat Mozzarella cheese.

Esena and Giizeler indicated that the reduction of
fat and the use of whey protein as a fat replacer affected
the composition, proteolysis, texture, and melt-ability, as
well as the microstructural and sensory properties of re-
duced-fat Boru-type Kiinefe cheese during storage [50].
Increased amounts of whey protein concentrate (espe-
cially in Boru-type Kiinefe cheese) allowed the authors
to obtain low-fat cheese with similar characteristics to
those of full-fat cheese.

Soft and semi-soft cheese. Abd El-Gawad mentioned
that 1% fat Ricotta cheese supplemented with 2% Dairy-
Lo® was superior in quality and sensory characteristics,
having a whiter color and a smooth creamy texture [51].
Dairy-Lo® replaced fat globules with a gel structure,
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which decreased the junction in the casein matrix and
increased the whiteness of the Ricotta cheese. In a study
performed by Rahimi ef al., indicated that the fat content
of gum tragacanth and the ripening time had serious
effects on the cheese-making yield, as well as chemical,
rheological, and microstructural characteristics of Ira-
nian white cheese [52]. As the fat content in cheese dec-
reased, the instrumental hardness parameters increased
and the microstructure became more compact. Adding
gum tragacanth to the low-fat cheese increased its
moisture content and improved its sensory properties.
Gum tragacanth improved the rheological properties
of texture due to its water-binding ability. The instru-
mental hardness parameters decreased during ripening,
and the interactions with gum tragacanth caused visible
undesirable effects on the cheese’s characteristics after
42 days of ripening.

However, Alnemr ef al. recommended adding 2 and
4% inulin to Karish cheese to promote its sensory pro-
perties and nutritional value [53]. In 2016, the authors
produced high-quality low-fat Domiati cheese (Gbnah-
Beeda) by using hydrocolloids as a fat mimetic. As a re-
sult, low-fat cheese showed a significant augmentation in
the physiochemical characteristics, yield, and moisture.
Furthermore, its sensory properties were both highly ac-
ceptable and comparable to those of full-fat cheese du-
ring 75 days of ripening.

In a study by Alnemr et al., the authors improved the
quality of low-fat Domiatti cheese by using Simplesse
or Z-trim as fat replacers [54]. The composition, pro-
teolysis, and voluptuous properties of low-fat cheese
(70% fat reduction) were examined throughout aging
for 60 days. All the control low-fat products demonstra-
ted decreased yield and significantly increased moisture
and protein content. However, the low-fat cheeses made
with the fat replacers showed a significantly increased
extent of proteolysis and lipolysis compared to the cont-
rol cheese.

Rashidi et al. used fat replacers to produce low-fat
UF Feta cheese with good textural and sensory charac-
teristics [55]. The response surface methodology sho-
wed improving effects of WPC80 (0-20 g/kg), lecithin
(02 g/kg), and a mixture of xanthan and guar (0—1 g/kg)
on the sensory and instrumental texture characteristics
of low-fat UF-Feta cheese made with 6% fat retentate.
Lecithin and xanthan-guar had positive effects, while
WPC80 had negative effects, on the product’s hardness,
chewiness, and gumminess. Furthermore, lecithin had
positive effects on taste, acceptance, and appearance, as
well as a positive effect on sensory texture. Whey pro-
tein concentrate improved the taste, while xanthan-guar
enhanced the sensory texture and acceptance scores.

Basiony et al. manufactured low-fat Munster cheese
as a semi-soft French type from whole cow’s milk [56].
They concluded that adding fat replacers such as Slen-
did®200 and Simplesse®100 increased the moisture and
ripening indices. Also, these fat replacers decreased the
product’s hardness, adhesiveness, cohesiveness, gummi-
ness, and chewiness, as well as increased its springiness.
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All the sensory properties of low-fat Munster-like cheese
were improved by adding fat replacers to the cheese milk.

Saraiva et al. added inulin to reduced-fat cheese,
which induced fat and protein recovery [57]. Further-
more, the use of inulin markedly reduced the hardness
of the cheese, particularly after 7 days. Kadpe et al.
produced low-fat Quarg cheese by using such fat repla-
cers as carrageenan and Simplesse-100% [58]. The cheese
was tested for its sensory, physiochemical, and microbial
characteristics. The ultimate score was awarded to the
Quarg cheese prepared with 0.5% Simplesse-100.

In 2019, NurAinie et al. described the formulation of
analogue cheese produced with sweet corn extract used
as a fat replacer [59]. This analogue cheese satisfied the
people’s need for alternative cheese prepared from cow’s
milk. Its sensory characteristics were similar to those of
cheese from cow’s milk. In particular, the product had a
yellowish-white color, distinctive aroma of cheese, soft
texture, good spreadability, and no sour taste.

Recently, Giha ef al. summarized the effects of milk
fat replacement with vegetable oils on the rheological,
textural, and microstructural properties of cheese ana-
logues [60]. Their findings suggest that the primary
effects of modifying fat in cheese analogues are asso-
ciated with an alteration in the interactions between the
components of the protein matrix caused by milk fat
extraction. Overall, changes in the functional properties
of analogue cheese depend on the sort of oil, the percen-
tage of fat modification, and the type of cheese micro-
structure and fat globule size. Processing causes structu-
ral bonds to break, thus creating different size particles.

In 2020, Sharaf et al. optimized the textural hard-
ness of ultra-filtrated, low-fat cheese by using galacto-
mannan and novagel (0.1-0.5%) [61]. Al-Bedrani et al.
manufactured low-fat, low-calorie soft cheese from

reconstituted skim milk by adding whey protein con-
centrate as a fat substitute [62]. This improved the pro-
duct’s rheological properties such as compressibility
and springiness. In addition, whey protein concentrate
increased the percentage of total solids (especially pro-
tein content) and the cheese yield, reduced total energy,
and improved the product’s sensory properties.

The consumer’s desire for plant-based cheese analo-
gues is expanding due to the ease and versatility of
their use. However, the products available on the market
are nutritionally poor. They are low in protein, high in
saturated fat and sodium, and are often composed from
a long list of ingredients. Mefleh et al. applied dry-frac-
tioned pea protein concentrates combined with emulsion
gel with inulin and emulsion volatile olive oil to develop,
on a laboratory scale, a clean label and nutritious sprea-
dable plant-based cheese analogue [63]. The authors mas-
ked the typical bean flavor offered by the dry-fractio-
nated pea by adding spices without causing any adverse
sensory characteristics. They concluded that expanding
the range of plant-based products with alternatives cha-
racterized by a clean label and a higher nutritional value
will better accommodate a broader audience of “healthy”
consumers aware of the importance of a plant-based diet.

Basiony and Hassabo studied the effect of modified
maize starch used as a fat replacer on low-fat Halloumi
cheese [64]. The addition of modified starch to cow’s
milk decreased the time of rennet coagulation and curd
syneresis but increased curd tension. The overall results
showed a possibility of producing low-fat Halloumi che-
ese with attractive appearance, good body, and accep-
table flavor by adding modified starch. Table 1 presents
some of the fat replacers that have been used in cheese
production in the last two decades.

Table 1 Fat replacers used in cheese varieties in the last two decades

Cheese type Fat replacer type Ratio of additives Reference
Ricotta cheese Dairy- Lo® 2% [51]
Iranian white cheese Gum tragacanth 0.75 g/kg [52]
Karish cheese Inulin 2 or 4% [53]
Low-fat spreadable processed Soy proteins, soy fibers, maltodextrin, and modified = Gervisol 218 [45]
cheese starch

UF-Feta cheese WPCBO0, lecithin, and a mixture of xanthan and guar ~ 0-20, 0-2 and 0-1 g/kg [55]
Domiatti cheese Kappa carrageenan:locust bean:xanthan gums 60:20:20 g/kg [54]
Munster-like cheese Slendid®200 and Simplesse®100 0.2% [56]
Low-fat cheese Inulin 4% [57]
Low-fat Mozzarella cheese Carboxymethyl cellulose and sodium alginate 0.4-0.3% [49]
Quarg cheese Carrageenan and Simplesse®100 0.5% [58]
Low-fat processed cheese Inulin 5% [46]
Cheese analogue Citric acid, papain, and maltodextrin 0.20, 0.029, and 20% [59]
Processed cheese Inulin, corn dextrin, polydextrose, and micro- 3.0,4.0,5.0, 6.0, and 7.0% [40]

particulated whey protein

Ultra-filtrated, low-fat cheese Novagel and galactomannan 0.32 and 0.5% [61]
Low-fat soft cheese Whey protein concentrate 1.0, 1.5, 2.0, and 2.5% [62]
Processed cheese Whey protein micro-coagulates 3-8% [47]
Low-fat Halloumi cheese Modified starch 1,2, and 3% [64]
Boru-type Kiinefe cheese Whey protein 0.5% [50]
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Fat replacers in ice cream or frozen yogurt. Ice cre-
am is one of the most popular dairy products that has a
distinctive taste and contains a high percentage of fat.
Replacing milk fat in ice cream with either carbohyd-
rates or protein-based fat substitutes is one of the new
strategies to reduce the fat content and produce a safe
and healthy product. Mahdian and Karazhian produ-
ced low-fat ice cream (5% fat) using milk protein concen-
trate (65%) and multiple contents of inulin as a fat rep-
lacer (0, 2, and 4%), as well as two sorts of commercial
stabilizer-emulsifier blends (Stab-IC80 and Stab-6924)
at 0.3 and 0.4% concentrations [65]. The product’s hard-
ness was not affected by the type or amount of fat repla-
cers or stabilizers. However, the overrun values decrea-
sed with increasing concentrations of milk protein con-
centrate, inulin, and stabilizers in the formulation.

In another study, Junyusen et al. manufactured ice
cream (6% fat) with 2 and 4% of inulin and compared
it with regular ice cream (10% fat) and inulin-free fat-
reduced ice cream [5]. Their results confirmed that the
lower fat content (6%) significantly affected the physi-
cochemical characteristics of the ice cream products.
The addition of inulin motivated the clustering of fat
globules, resulting in the growth of larger-sized partic-
les (1-10 pum), but it significantly decreased the hardness
of the reduced-fat ice cream. Furthermore, 4% of inu-
lin lowered the melting average of the reduced-fat ice
cream and enhanced the physicochemical characteristics.
In a study by Salem et al., the fat content in ice cream
was partially replaced with whey protein, dictary fibers,
oat, wheat germs, and modified starch. The use of oat
and wheat germs increased the fiber content of the pro-
duct. Additionally, all ice cream treatments had a signifi-
cant free radical scavenging activity similarly to the
control [66].

Babu and Parimalavalli used modified sweet potato
starch (2%) in ice cream [67]. Although it did not signi-
ficantly affect the protein content, it decreased the
overrun. The product’s hardness increased with 1% rep-
lacement but decreased with 2% starch. According to
Warren and Hartel, the overrun can affect the size of
air cells in ice cream products during the freezing and
storage processes [68]. The use of modified sweet potato
starch as a fat substitute reduced the melting rate in ice
cream. This can be affected by the weakening of ice
cream’s structural texture due to the lower amount of fat.

In 2020, Hatipoglu and Tiirkoglu studied the quality
properties of fat-reduced ice creams produced with some
fat substitutes [69]. The authors found that 10% fat ice
cream behaved similarly to the control group. Then, they
added 6% Simplesse®100 or 2% Maltrin040 as fat substi-
tutes to 7.5, 5, and 2.5% fat ice cream. According to the
results, the viscosity of the 7.5% fat ice cream with Mal-
trin040 or Simplesse®100 was higher than that in the
control group. Furthermore, decreasing the fat content
in ice cream had the opposite effect on the sensory pro-
perties and viscosity. Thus, the quality defect caused
by the lack of fat can be remedied by protein and starch
fat replacers. These fat substitutes can also help solve
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obesity problems by offering calorie-reduced ice creams.
The findings showed that the 7.5% fat ice cream with 6%
Simplesse®100 can be recommended as fat-reduced ice
cream.

El-Shafei manufactured three types of probiotic fro-
zen goat’s yogurt using full-fat (4%) goat’s milk (cont-
rol), low-fat (2%) and non-fat (0.5%) goat’s milk with
probiotic bacteria and chia flour (1, 2, and 3%) as a fat
replacer, as well as stabilizers [70]. The study showed
that increased levels of chia flour decreased the specific
gravity and melting resistance of low-fat and non-fat
probiotic frozen goat’s yogurt.

Abdou et al. prepared low-fat ice cream by partially
replacing buffalo milk fat with various fat substitutes
(inulin, maltodextrin, modified starch, whey protein con-
centrate powder, and oat) [71]. Milk fat was standar-
dized to 2% to meet the consumer’s demand for low-
energy foods (control), while full-fat ice cream was
standardized to 6% fat. The best treatment was the low-
fat ice cream with maltodextrin as it achieved the same
panelist scores as the full-fat ice cream, followed by the
sample with inulin.

Silantjeva et al. used pumpkin puree, sugar, and whey
concentrate in ice cream [72]. They found that larger
amounts of pumpkin puree and gelatin decreased the
product’s hardness and increased its overrun and visco-
sity. In 2022, Hamad et al. produced low-fat and low-
calorie frozen yogurt using Etenia 457 as a fat repla-
cer and Sativoside as a sweetener [73]. The control and
four treatments were prepared with 0, 25, 50, 75, and
100% of the fat replacer and sweetener. The treated
samples were lower in fat and calories compared to the
control. According to the results, the product’s specific
gravity and viscosity increased with larger amounts of
the additives, while its overrun decreased. The sensory
evaluation showed that the sample with 25% of the fat
replacer and sweetener had the best properties, as well
as the highest total scores among all the treatments.

Shahein et al. evaluated the potential benefits of ad-
ding Jerusalem artichoke tuber powder (0, 5, 10, 15, and
20% w/w) as a fat and sugar replacer for the physico-
chemical properties and survival of probiotics in frozen
yogurt [74]. The sample with 10% of this fat replacer
showed the highest viability of probiotics. The results
also revealed that the frozen yogurt with Jerusalem
artichoke tuber powder had higher acidity, melting re-
sistance, overrun, viscosity, and sensory attributes com-
pared to the control. The authors concluded that enri-
ching frozen yogurt with 20% of this fat replacer will
provide it with functional properties to benefit consu-
mers’ health.

Fat replacers in fermented milk. The use of skim
milk is a strategy to increase milk yogurt acceptability.
However, it can negatively influence yogurt’s rheology
because fat plays a crucial role in dairy structural in-
tegrity. Salem et al. used inulin as a fat replacer to
produce low-fat Labneh [66]. The findings showed that
inulin stimulated the growth of Lactobacillus reuteri,
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Lactobacillus johnsonii, and Lactobacillus salivarius,
resulting in ameliorated viability of the organisms.

Atallaha et al. produced low-fat yogurt fortified
with whey protein concentrates, Ca-caseinates (Ca-Cns),
and spirulina (Spirulina platensis) powders [75]. They
found that the yogurt with spirulina powder had a high
total phenolic content, while the yogurt containing whey
protein concentrates had higher (p < 0.05) viscosity and
water-holding capacity than the other samples. In the
whey protein concentrates-fortified low-fat yogurts, the
gel exhibited a various structure with a fine network
containing numbers with very small pores. The gel from
the Ca-Cns-fortified yogurt had a dense and finely per-
forated microstructure, similar to that of the whey pro-
tein concentrates-enriched yogurt. Generally, the low-fat
yogurt fortified with whey protein concentrates perfor-
med best in the sensory evaluation, followed by the
sample with Ca-Cns.

Abd El-Galeel et al. studied the effect of adding dif-
ferent levels (0.5 and 1%) of fat replacers (Dairy-Lo
or Maltrin) on the quality of non-fat yogurt [76]. They
found that the fat replacers had no significant effect on
the chemical composition of the resultant yogurt but
increased the soluble nitrogenous compounds, as well
as the formation of acetaldehyde, diacetyle, and total
volatile fatty acids (flavor compounds). Also, there was
an improvement in the yogurt’s syneresis and viscosity.
Overall, the non-fat yogurt containing 0.5 and 1% of
Maltrin was similar in quality characteristics to the full-
fat control yogurt.

Carob bean gum is widely used in food systems as
a carbohydrate-based fat replacer to modify quality at-
tributes and shelf-life as a thickening and gelling agent.
Sonmez and Ozcan prepared reduced-fat (12%) and low-
fat (6%) yogurt using Carob bean gum an found that it
increased the textural and sensory attributes of the pro-
duct [77]. The low-fat yogurts with Carob bean gum
showed significant firmness and stickiness, as well as
a higher yellowness index. Thus, the addition of Carob

bean gum to reduced-fat and low-fat yogurts improved
their sensory properties and acceptance index.

Zbikowska et al. explored the influence of various con-
centrations of inulin (3, 6, 9, 12, and 15% w/w) added to
natural yogurt on its physicochemical properties [78].
They found that these concentrations of inulin signifi-
cantly enhanced the product’s physical stability. Godoy-
garcia et al. prepared fat-reduced Greek-style yogurt by
using glycomacropeptide powder as a fat replacer [79].
Adding 0.75% of glycomacropeptide reduced the granu-
lar consistency and syneresis of the yogurt by 50 and
10%, respectively. The flow curves and firmness analysis
showed that this fat replacer decreased the elastic and
viscous modulus, as well as the yoghurt’s firmness. The
consumer acceptance of low-fat Greek-style yogurt con-
taining 0.75% of glycomacropeptide decreased only after
30 days of storage. The resulting product showed lower
syneresis and graininess.

Costa et al. prepared goat milk yogurts with inu-
lin [80]. The authors reported a decrease in firmness
and consistency during storage. On the other hand, the
viscosity index significantly increased during refrige-
rated storage. Furthermore, all the treatments exhibited
viscoelastic behavior [81]. Table 2 summarizes some of
the fat replacers used in ice cream and yogurt (frozen
yogurt) production in the last decade.

Fat replacers in fatty products. Consumers often
associate reduced-fat food products with poor taste, des-
pite the potential benefits they can offer for managing
diet-related health problems. Therefore, it is important
to use high-quality fat substitutes to create appealing
reduced-fat options. In a study by Mickova et al., poly-
dextrose was used as a low-calorie fat replacer and
bulking agent in butter [82]. The presence of poly-
dextrose was confirmed through the use of petroleum
ether extraction to remove fats from the butter. Solid
fractions of both regular butter and butter with poly-
dextrose were prepared and analyzed using FT-IR spec-
troscopy. The IR marker bands specific to poly-dextrose,

Table 2 Fat replaces used in ice cream and (frozen) yogurt in the last decade

Product type Fat replacer type Ratio of additives Reference
Reduced-fat ice cream  Inulin 0, 2, and 4% [5, 65]
Ice cream Whey protein, dietary fibers (oat, wheat germs), and modified starch 1 and 2% [66]
Modified sweet potato starch 2% [67, 68]
Reduced-fat ice cream  Simplesse®100 and Maltrin040 6 and 2% [69]
Non-fat ice cream Inulin, maltodextrin modified starch, 2% [71]

whey protein concentrate powder, oat

Pumpkin puree, gelatin whey concentrate

Etenia 457
Jerusalem artichoke tuber powder

Low-fat frozen yogurt

0, 25, 50, 75, and 100%

Low-fat goat milk
yogurt

Inulin, maltodextrin, whey protein

[

[
0,5,10,15,and 20%  [74]
1,2, and 6% [

Low-fat yogurt Whey protein concentrate, caseinates (Ca-CNS), Spirulina powders [75]
Carob bean gum 1%

Non-fat yogurt Dairy-Lo or Maltrin 0.5 and 1% [76]

Natural yogurt Inulin 3,6,9,12, and 15% [78]

Greek-style yogurt Glycomacropeptide 0.75% [79]
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which appear at 1150, 1076, and 1040 cm™!, were only ob-
served in the butter sample containing poly-dextrose.

In 2020, Iftikhar and Dutta conducted a study using
raw, retrograded, and retrograded-annealed starches
from three rice varieties with varying amylose contents
(22.7, 9.8, and 0.3%) to replace some of the fat in fresh
cream [83]. The goal was to create a whipped cream con-
sistency with around 15% of fat. The study found that
the fat replacement reduced the whipping time to 60 s
and improved the stability of the whipped cream foam,
resulting in a significant overrun of up to 44%. The use
of starch also improved water retention and structural
stability, reducing the amount of liquid that weeps out
upon freezing and thawing. When using modified waxy
starch, the resulting creamy texture was closest to that of
the commercial cream standard, indicating that efficient
fat replacement had been achieved. Overall, it was
concluded that whipped cream with the fat content of
more than by 62% less than in the commercial variants
could be produced by incorporating starch.

Ahmadi et al. optimized the thermal, functional, and
rheological properties of ethyl cellulose-based oleogel by
using different concentrations of behenic acid and as-
sessing the stability of water in oleogel (w/og) emul-
sions [84]. Similarly, Palla et al. investigated the formu-
lation and characterization of filling creams for sand-
wich cookies using mono-glyceride oleogel as a fat
material [85]. The study revealed that the filling creams
formulated with 260 g/kg oleogel had viscoelastic mo-
duli values similar to those in a filling cream of com-
mercial sandwich cookies used as a reference. However,
the oil-binding capacity of the filling creams decreased
with an increase in the oleogel content. Furthermore,
larger amounts of oleogel in the formulation resulted
in decreased hardness, but increased adhesiveness and
cohesiveness. The replacement of animal fat with vege-
table fat offers an additional advantage, since it agrees
with the increasing demand for animal-free products
by consumers.

Schédle ef al. examined the impact of fat replacers
on reduced-fat emulsions, including their rheological,
tribiological, and aroma release properties [86]. The
authors emphasized the importance of high-quality
fat replacers in developing appealing reduced-fat pro-
ducts. They reduced the fat content of a full-fat emulsion
by replacing it with water, lactose, corn dextrin, inulin,
poly-dextrose, or micro-particulated whey protein. Corn
dextrin exhibited similar values to the full-fat emulsi-
on in terms of Kokini oral shear stress and viscosity,
while micro-particulated whey protein strongly increa-
sed these properties. All the four fat replacers improved
the lubricity of the reduced-fat samples. None of the
formulations had a significant effect on the droplet size
distribution. The aroma of the emulsions comprising
micro-particulated whey protein and corn dextrin were
most similar to those of the full-fat emulsion. Thus, the
authors found corn dextrin a promising fat replacer for
reduced-fat emulsions. Butanoic acid, heptan-2-one, ethyl
butanoate, and nonan-2-one were more affected by
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changes in the formulation than butane-2, 3-dione, and
3-methylbutanoic acid.

Schédle et al. also conducted another study in which
they used varying concentrations of corn dextrin as a
replacement for fat in mayonnaise [87]. The findings
indicated that tri-biological measurements could replace
sensory analysis in determining the stickiness attribute.
Furthermore, the use of Stevens’ power law demonstra-
ted a strong correlation between Kokini oral shear stress
and the creaminess sensory attribute. Additionally, the
instrumental texture properties (firmness, stickiness)
were also related to sensory perception. These correla-
tions obtained by comparing different methods could
aid in predicting the potential applications of new fat
replacers and assist in innovative product development.

Bayat et al. decreased the fat content of whipped
creams by using two types of gums derived from chia
and mero seeds [88]. Their study evaluated various
physicochemical characteristics such as acidity, pH, vis-
cosity, humidity, volume, water content, and sensory
attributes of the treatments on days 1, 5, and 10. The
findings indicated that the use of gums did not affect
the acidity or pH of the treatments. However, the samp-
les containing chia seed gum alone and chia seed gum
with mero showed a reduction in moisture and an in-
crease in viscosity and overrun. In conclusion, the
study demonstrated that chia and mero seed gums can
be effectively used to produce whipped creams with
reduced fat content.

Additionally, Cui et al. noted that animal fats and
shortenings are commonly used in various food prepa-
rations [89]. However, these types of fats are high in
saturated fatty acids, and partially hydrogenated shorte-
nings contain trans fats, which have been linked to an
elevated risk of coronary heart disease. Consequently,
nutrition experts suggest reducing the consumption of
saturated and trans fats in people diets. Hence, food tech-
nologists and scientists are collaborating to create heal-
thy substitutes for these types of fats. One promising
solution is to use oleogels, which are solid-like struc-
tures formed by structuring edible oils. While several ty-
pes of oleogels have been developed and shown poten-
tial, some technological hurdles limit their widespread
use in the food industry.

Kim et al. created canola oil oleogels for filling cre-
ams by combining candelilla wax and glycerol mono-
stearate in different ratios, resulting in a firmer texture
and lower melting point than the traditional shortening
substitutes [90]. The use of binary blends of oleo-gela-
tors in oleogels could be a promising approach to impro-
ving the quality and healthfulness of food products by
mitigating the drawbacks and limitations associated
with using a single oleo-gelator.

In a study conducted by Onsri et al. in 2022, the use
of inulin and whey protein concentrate in the crust and
cream puff filling was investigated at varying percen-
tages [91]. The addition of inulin and whey protein con-
centrate resulted in a significant decrease in viscosity
and specific volume. However, using 20% of inulin in
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Table 3 Fat replacers used in fatty products in the last decade

Product type Fat replacer type Ratio of additives Reference
Butter Polydextrose 1% [82]
Whipping cream Annealed starches from rice 10% [83]
Emulsions based oleogels Ethyl cellulose and behenic acid 2:4 and 1:5 wt % [84]
Filling creams Monoglyceride oleogel 22-26% [85]
Emulsions Water, lactose, corn dextrin, inulin, polydextrose, or micro- 15% [86]
particulated whey protein
Mayonnaise Corn dextrin 0.5-8% [87]
Whipped cream Chia and mero seeds 0.15-0.3% [88]
Shortening Oleogels [89]
Filling creams Candelilla wax and glycerol monostearateoleogels 60:40% [90]
Crust and cream puffs filling Inulin 20, 35, and 50% [91]
Whey protein concentrate 5, 10, and 15%
Whipping cream analogues Lactic acid bacteria 38 %, w/w [92]
Hydroxyl-propyl methylcellulose and casein sodium 0-0.9%
Shortening Beeswax and palm oil oleogels 0.5-5% [93]
Chocolate Gum Arabic-based water-in-oil emulsions 2:8,3:7,and 4:6 v/v [94]

crust puff filling helped maintain the structure. In sen-
sory evaluations, the formula containing 20% of inulin
and 10% of whey protein concentrate received the hi-
ghest scores for appearance and taste. For cream puff
filling, the treatments with 35 and 50% of inulin resulted
in high viscosity. The panelists preferred the 20% inulin
and 5% whey protein concentrate formulas for texture,
taste, odor, and overall acceptability. These formulas hel-
ped reduce total energy from fat and increase dietary
fiber and protein contents. Thus, inulin and whey pro-
tein concentrate proved to be successful fat replacers,
extending shelf life from 9 to 13 days while meeting mic-
robiological standards.

Recently, in a 2023 publication by Jiang et al., lactic
acid bacteria were combined with hydroxyl-propyl me-
thylcellulose and casein sodium salt to replace the satu-
rated fat content in whipping cream analogues [92]. By
using both hydrophobic and hydrophilic strains, the
whipping cream had similar overrun (107%) and draina-
ge stability (drainage area 1.4 mm?) compared to those
of commercial dairy whipping cream (30% and 2.7 mm?,
respectively). The Pickering capability and aggregating
properties of the strains affected the foam stability of
the whipped cream. The addition of the components and
the whipping process did not have any negative effects
on bacterial viability. Therefore, the use of edible lactic
acid bacteria as fat replacers could offer viable alter-
natives to using naturally derived components as active
structural building blocks for colloidal food systems
such as whipping cream.

Suriaini et al. conducted a study to examine how bee-
swax and palm oil concentrations affect the properties
of oleogels, which were then compared to a commercial
shortening to determine their potential as shortening
substitutes [93]. Crude palm oil and palm oil-based
cooking oil both contain high levels of palmitic acid
(C16:0), oleic acid (C18:1), and linoleic acid (C18:2), but
the former has more total saturated fatty acids than
commercial cooking oil. The researchers used binary
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blends of palm oil (crude palm oil and cooking oil) and
beeswax in different concentrations to produce palm oil-
based oleogel. The results showed that the oleogels with
higher beeswax concentrations had a greater oil-binding
capacity and produced needle-like and spherical crystals.
The crude palm oil-based oleogel had higher heat resis-
tance and was more similar in profile to shortening than
the cooking oil-based oil. The palm oil-based oleogel
products had properties comparable to commercial shor-
tening and can thus be used as substitutes.

A recent study by You et al. created 3D printed cho-
colate with a reduced fat content by substituting cocoa
butter with water-in-oil emulsions made from gum Ara-
bic [94]. The optimal formulations for 3D printability
contained cocoa butter, icing sugar, and cocoa powder in
a ratio of 2:1:2.5. Various levels of cocoa butter (25, 50,
and 75%) were replaced with water-in-cocoa butter emul-
sions with different water/oil ratios (2:8, 3:7, 4:6 v/v) to
produce the fat-reduced 3D printed chocolate. The res-
ults indicated that these chocolates retained the desired
polymorphic form V of cocoa butter, and higher emul-
sion contents led to improved snap quality. The study
successfully developed a functional reduced-fat cho-
colate using gum Arabic-based water-in-oil emulsions
that could potentially incorporate both hydrophilic and
lipophilic bioactives in the future. Table 3 provides
examples of fat replacers that have been used in fatty
products in the last decade.

CONCLUSION

Most research in the last decade has focused on
designing low- or no-fat products that mimic the fea-
tures of full-fat products. Fat replacers can be divided
into two categories, fat substitutes and fat mimetics.
They are molecules that have the physical and functional
characteristics of conventional fat molecules (e.g., trig-
lycerides). Using proteins and micro-particulated pro-
teins has been a popular trend as nanotechnology plays
a critical role in the food sector nowadays. In addition to
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proteins and commercially available micro-particulated
proteins, microgels designed under laboratory condi-
tions have recently demonstrated superior rheological
and lubrication performance with the ability to act as
potential fat replacers. While whey protein is the most
common fat replacer in the dairy field today, there is
some interest in other plant proteins which have not
been studied as widely yet.

The application of fat replacers in dairy products is
expected to witness significant advancements in the
coming years, with the growing consumer demand for
healthier alternatives and the increasing focus on redu-
cing fat content in food products. Researchers and food
scientists are actively exploring novel fat replacers that
can mimic the sensory and textural properties of tra-
ditional dairy products while offering improved nutri-
tional profiles. One promising trend is the utilization of
plant-based fat replacers derived from nuts, seeds, and
legumes, which not only provide a creamy mouthfeel but
also offer additional health benefits, including higher
levels of unsaturated fats and essential nutrients. Ano-
ther emerging trend is the incorporation of microencap-
sulation techniques to enhance the stability and release
properties of fat replacers, ensuring their efficient deli-
very and functionality throughout the shelf life of dairy
products. Additionally, advancements in biotechnology

and genetic engineering may enable the development of
tailored fat replacers that closely mimic the complex
structure and composition of natural fats, further enhan-
cing the overall sensory experience and consumer ac-
ceptance of low-fat dairy products. As research in this
field continues to evolve, it is anticipated that these fu-
ture trends will contribute to the development of inno-
vative and nutritious reduced-fat dairy products that
meet the demands of health-conscious consumers while
maintaining their palatability and quality.
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