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This paper aims to overview the influence of different gels that including hydrocolloids and oleogel on techno-
functional changes of dairy foods. The hydrocolloids are widely added to dairy products as stabilizers, emulsi-
fiers, and gelling agents to enhance their texture, or improve sensory properties to meet consumer needs; and the
newly developed oleogel, which despite less discussed in dairy foods, this article lists its application in different
dairy products. The properties of different hydrocolloids were explained in detail, meanwhile, some common

hydrocolloids such as pectin, sodium alginate, carrageenan along with the interaction between gel and proteins
on techno-functional properties of dairy products were mainly discussed. What’s more, the composition of
oleogel and its influence on dairy foods were briefly summarized. The key issues have been revealed that the use
of both hydrocolloids and oleogel has great potential to be the future trend to improve the quality of dairy foods

effectively.

1. Introduction

Dairy products are rich in protein and fatty acids, which are
important components of a balanced and nutritious diet in people’s life.
The quality control of dairy products is an important link in the food
regulatory system (Bondoc and Sindilar, 2002). However, various
quality problems are always encountered because of the production
system, hygienic, and storage condition and so on (Bondoc, 2007).
However, various problems are always encountered during the pro-
cessing process (Gilbert et al., 2020). Gel plays an important role in
forming the quality of dairy products because of its special organiza-
tional structure, for example, hydrocolloids have effects in thickening,
texturing and stability, and oleogel has considerable advantages in
quality improvement, nutrition enhance and fat replacement (Cui et al.,
2023; Rafiq et al., 2020). Nowadays, hydrocolloids and oleogel have an
inestimable development prospect in dairy products with the improve-
ment of people’s requirements for health (Arioui et al., 2017; Manzoor
et al., 2022).

Hydrocolloids have long been the focus of scientific interest as
thickeners, stabilizers, and other additives due to their ability to form
colloidal solutions through strong interactions with water. Globally,
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consumers’ demand for desirable textural, sensory and nutritional
benefits of dairy products have driven the increase of hydrocolloids
market share. The global hydrocolloids market is estimated to be valued
at USD 11.2 billion in 2023 and is projected to reach USD 14.5 billion by
2028 (https://www.marketsandmarkets.com/PressReleases/hydrocollo
id.asp), The increasing demand for hydrocolloids is mainly for its ability
to provide a stable lotion system for dairy products and prevent whey
precipitation and protein aggregation during the shelf life (Javidi et al.,
2016). By forming several types of bonds, including covalent, electro-
static interaction, excluded volume, hydrophobic interactions, van der
Waals forces, hydrocolloids form a gel network system with milk pro-
teins to improve the texture of the dairy (De Kruif and Tuinier, 2001;
Wousigale et al., 2020).

Oleogel, also referred to as organogels, has been developing in recent
years, and because its non-edible components, it is rarely used in food,
and the research on improvement and application of dairy products is
even less. According to relevant data, oleogel has certain research value
in the application of biomaterials such as condiments (salad sauce,
chocolate sauce), 3D printing, and nutrient delivery because of its
unique structure and fat content. However, with the continuous pursuit
of healthy fat in food, oleogel is a thermoreversible viscoelastic
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semisolid systems that can contain more than 90 % of healthy oils, its fat
replacement ability in food cannot be ignored. Oleogel forms a three-
dimensional gel network that traps healthy fats with high unsaturated
fats acid content whereby n-n stacking, hydrogen bonding, electrostatic
and van der Walls interactions (Huang et al., 2018; Okesola et al., 2015;
Okuro et al., 2020). This structure can increase the quality level, and
replace saturated fats in the dairy product, what’s more, it increases the
content of fatty acids and improves the nutritional structure.

Yogurt, cheese and ice cream are semi-solid foods. Whipped cream
belongs to oil in water emulsion. No matter what kind of dairy food, they
need to maintain a certain degree of shelf-life stability (Yousefi and
Jafari, 2019). Different products have different shelf-life stability in-
dicators: whey separation of yogurt, oil separation of cheese, melting
resistance of ice cream and coagulation, precipitation, oil-water sepa-
ration of whipped cream. Hydrocolloids can help dairy products
improve the above indicators by connecting with milk proteins
(Biglarian, et al., 2021; Pang, et al., 2017; Samakradhamrongthai, et al.,
2021) Carrageenan, xanthan and guar gum are widely used to increase
the stability of the dairy product (Cernikova et al., 2010; Hussain, et al.,
2017; Jagdish, et al., 2014). The improvement of nutritional quality is
imperative besides sensory quality, such as the replacement of solid fat
and trans fatty acid in four dairy products. The oleogel can use its unique
three-dimensional network structure to improve the nutritional quality
and reduce the content of hydrogenated oil and saturated oil in dairy
products.

Many reviews have been published on the application of hydrocol-
loids in dairy products (Mezzenga et al., 2005; Moriano and Alamprese,
2017; Yousefi and Jafari, 2019). However, there is no complete and
comprehensive review of hydrocolloids and oleogel application in dairy
foods that covers yogurt, cheese, ice cream and whipped cream. In this
review, the functions of hydrocolloids and the effects of the hydrocol-
loids on yogurt, cheese, ice cream and whipped cream are introduced.
The mechanism of hydrocolloids and milk proteins is discussed and
compared. Meanwhile, the composition of oil gel and its application in
yogurt, cheese, ice cream and raw cream were illustrated. Last, different
chemical structures of hydrocolloids determining the texture of dairy
foods are also discussed. This work provides comprehensive knowledge
covering all aspects for using hydrocolloids and oleogel in the dairy
products.

2. Types and characteristics of hydrocolloids in dairy products

Hydrocolloids are divided into polysaccharide-based and protein-
based. Protein-based hydrocolloids mainly include gelatin.
Polysaccharide-based is mainly divided into anionic, cationic and non-
ionic polysaccharides. Anionic polysaccharides mainly include cellu-
lose, gum arabic, gum tragacanth, carrageenan, pectin and xan than,
cationic polysaccharides including guar gum, non-ionic polysaccharides
including starch and inulin (Figure S1).

2.1. Hydrocolloids in yogurt

The consumption of yogurt dominates the market largely, for its not
only nutrients but also unique texture characteristics and sensory
properties (Lal et al., 2006). During the whole yogurt production, the pH
of milk decreases from 6.7 to 4.3. In this process, casein micelles
demineralize, the net charge content of micelles decreases, the electro-
static interaction between micelles decreases, and finally, the re-
polymerized casein forms a 3D casein-casein network structure, which
forms the basic gel network of yogurt. But after adding various hydro-
colloids, it changes to different textures and sensory properties of
yogurt.

Modified starch is used to reduce the syneresis of yogurts by
changing yogurts’ microstructure. Compared with native starch, phos-
phorylated starch significantly lowered the syneresis in yogurts. The
phosphate groups in the starch molecules will be the affinities to whey of
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the yogurt. Research showed that the modified starch can be adsorbed
on the surface of casein in yogurt, leading to the casein un-flocculation,
and the interaction between this hydrocolloid and casein can form a
three-dimensional gel network which to maintain the aqueous phase,
thereby increasing the viscosity and decreasing the syneresis of yogurt
(Cui, Tan, Lu, Liu, & Li, 2014; Pang et al., 2019). What’s more, many
researchers add hydrocolloids, such as gelation, pectin or modified
starch into yogurt to control syneresis. Among these polysaccharides,
pectin and modified starch have been more conspicuous.

Viscosity and rheological properties are other important parameters
in the textural quality of yogurt. Incrementing the pectin concentration
from 0.0 to 0.5 % w/w demonstrated a decrease at apparent viscosity
(Ramaswamy and Basak, 1992) showed that the addition of pectin up to
0.6 % w/w strengthened the casein network via bridging of casein ag-
gregates by the electrostatic interaction (Arioui et al., 2017). Table 1
shows some examples demonstrating the application of hydrocolloids in
yogurt.

2.2. Hydrocolloids in cheese

Hydrocolloids are becoming a broader additive for different types of
cheese. The use of hydrocolloids can improve the textural properties
such as enhancing the hardness, controlling the meltability and reducing
the syneresis. One of the peculiar features of hydrocolloids that has
made them suited in cheese production is their ability for fat replace-
ment by producing a texture similar to full-fat cheese. Various studies
have been performed regarding the use of hydrocolloids to replace fat in
low-fat cheese. Examples comprise the utilization of guar gum, xanthan
gum, carrageenan and gum tragacanth. For example, two studies
focused on the effects of xanthan gum and carrageenan as fat replacers in
low-fat cheese, one study indicated that supplementation of cheese with
xanthan gum reduced the hardness factor (Nateghi et al., 2012). But
another study showed the opposite result, carrageenan will increase the
hardness of cheese (Cernikova et al., 2010).

The texture that hydrocolloids produce, including cohesiveness,
chewiness, springiness, and hardness are extensively investigated. The
addition of hydrocolloids to cheese is a main method for affecting these
parameters. For example, (Kurt et al., 2016) showed that adding 0.23 %
sodium alginate to low-fat cheese decreased the chewiness, hardness,
cohesiveness, and gumminess (Khanal et al., 2018). However, hydro-
colloids could also bring some adverse impacts on sensory properties of
cheese. Incorporation of k-carrageenan and 1-carrageenan into the pro-
cessed cheese spread at different levels of 0.1-0.4 % (w/w) and 0.1-0.3
% led to the cheese very hard (Cernikové et al., 2010). The similar result
was obtained by Lashkari, H. et al. (2014). They found out that the
addition of 1.4 % gum arabic to low-fat Iranian white cheese samples
resulted in an undesirable hard texture (Lashkari et al., 2014). In addi-
tion to the above applications, a number of effects of hydrocolloids on
the texture properties of cheese have been summarized in Table 2.

2.3. Hydrocolloids in ice cream

Hydrocolloids are widely added to ice cream. Researchers add hy-
drocolloids to the ice cream to increase its viscosity, which keeps this
emulsion system at a low temperature without oil-water separation,
grease accumulation, milk solids precipitation and recrystallization
growth. Recent published researches show that locust bean gum and
guar gum are becoming popular in making ice cream.

Melting rate is one of the main parameters related to ice cream shape
preservation. Except depending on the heat transfer phenomena, the
meltdown of ice cream can be affected by hydrocolloids. It has been
found that there is a negative direct relationship between hydrocolloids
concentration and ice cream melting rate (Cropper et al., 2013).
Considering the consumers’ acceptability, hydrocolloids addition in the
ice cream is limited. Since more added hydrocolloids cause an increment
in serum viscosity, heat energy will take a longer time to transfer from
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Table 1
The influence of some hydrocolloids on properties of yogurt at different conditions.
Hydrocolloid Yogurt type Conditions Results References
Alginate Set yogurt Concentrations of hydrocolloids (0.6 % w/w) Addition of 0.6 % alginate made a negative contribution to (Al-Zoreky and Al-
camel milk yogurt’s syneresis and water holding capacity. Otaibi, 2015)
Carrageenan Frozen yogurt k-carrageenan (0.05—0.15 w/w %) The addition of 0.15 w/w % k-carrageenan offered the frozen  (Skryplonek et al.,
yogurt the highest hardness and stickiness and positively 2019)
affected on sensory attributes.
Cellulose Bio-yogurt Cellulose fiber (0.5-2 % w/w) There was a positive direct relationship between the serum (Giiler-Akin et al.,
separation, water holding capacity, and texture properties 2018)
with cellulose fiber amount.
Curdlan Functional-yogurt Curdlan (10 % w/w) Yogurt fortified with curdlan showed a significant increase in ~ (Martinez et al.,
water holding capacity. 2016)
Gelatin Camel milk yogurt Gelatin (0-1.25 % w/w) Production of yogurt with gelatin reduced syneresis, (Mudgil et al.,
especially at 1-1.25 wt% level. 2018)
Low-fat stirred Gelatin (0-0.4 % w/w) There was a direct relationship between whey separationand  (Pang et al., 2017)
yogurt gelatin addition amount in yogurt, 0.4 wt% gelatin
completely preventing syneresis.
Gellan gum Traditional Iranian Gellan gum (0.01-0.05 % w/w) with pectin (0-0.25 Gellan gum (0.05 % w/w) combined with 0.25 % w/w pectin (Kiani et al.,
yogurt-based drink % w/w) resulted in serum volume reduction and organoleptic 2010)
acceptability augment.
Guar gum Set yogurt Guar gum (0.3-1.0 % w/w) Guar gum led to yogurt with better desirable features, fine- (Hussain et al.,
stranded microstructure and better rheology properties. 2017)
Gum arabic Camel milk yogurt Gum arabic (0-0.2 % w/w) Addition of gum arabic negatively affected on hardness, (Sobti et al., 2020)
viscosity, and rheology of yogurt fortified with casein.
Gum Kashk yogurt Gum tragacanth (0.1-0.3 % w/w) Gum tragacanth (0.5 w/w %) could reduce the syneresis and ~ (Shiroodi et al.,
tragacanth increased viscosity. 2012)
Non-fat yogurt Gum tragacanth (0.025-0.1 % w/w) Gum tragacanth as fat replacers had a negative effect on the  (Aziznia et al.,
physical properties and sensory attributes. 2009)
Camel milk yogurt Gum tragacanth (0.025-0.1 % w/w) The addition of gum tragacanth causes yogurt structure (Aziznia et al.,
coarser and more open, leading greater tendency for 2008)
syneresis.
Inulin Soy milk yogurt Inulin content (20 g/L-70 g/L) With the increment of inulin content, creaminess and (Rinaldoni et al.,
viscosity increase were observed. Furthermore, 50 g/L was 2012)
considered as the best additive amount from smell, colour,
and flavor.
Locust bean Set yogurt Locust bean gum (0-0.5 % w/w) The yogurt prepared with 0.5 w/w % locust bean gum showed  (Pancar et al.,
gum syneresis decrease, viscosity increase. 2016)
Pectin Yogurt Pectin (0-0.6 % w/w) The best viscosity was observed in yogurt added with 0.6 % (Arioui et al.,
pectin. With pectin concentration increasing, the acidity and  2017)
viscosity increased.
Greek-style yogurt Pectin (0.5 % w/w) Pectin (0.5 % w/w) with whey protein (1.0 % w/w) has (Gyawali and
positive implications for controlling syneresis in Greek-style Ibrahim, 2018)
yogurt.
Stirred commercial ~ Pectin (0.0-0.5 % w/w) Pectin resulted in increased viscosity in stirred yogurt. (Ramaswamy and
yogurt Basak, 1992)
Stirred skim-milk Pectin (0.5-5.0 g/L) Increasing levels of low-methoxy pectin resulted in higher (Everett and
yogurt apparent viscosity and water holding capacity. McLeod, 2005)
Starch Set yogurt High-amylose corn starch (1.5 % w/w) or physically ~ Physically modified corn starch can improve the qualities of ~ (He et al., 2019)
modified corn starch (1.5 % w/w) yogurt containing titratable acid decrease, the viscosity and
system stability increase.
Yogurt Cross-linked acetylated starch different acetyl cross ~ Acetylated distarch phosphate showed increasing positive (Pang et al., 2019)

Xanthan gum

Reduced-fat yogurt

Set yogurt

Frozen yogurt

linking degree (4.6-89.5) (ADP-L (0.9-1.2 w/w),
ADP-M (1.5-2.0 w/w) and ADP-H (1.6-2.0 w/w)
Phosphorylated starches (0.82-4.18 w/w)
Physically modified starches (2.0 w/w)

Modified tapioca starches (g/L)

Chemically modified maize starches (1.5-2.0 w/w)
or tapioca starches (1.5-2.0 w/w).

Enzymatically modified potato starches (0.05-1.0
w/w)

Xanthan gum (0.1-1.0 % w/w) and guar gum
(0.1-1.0 % w/w)

Xanthan (0-0.2 % w/w %)

effect on apparent viscosity, firmness, adhesiveness of yogurt.

The more numerous the phosphate groups in the
phosphorylated starch, the better the retention capacity and
texture stability of the yogurt with the starch will be.
Addition of physically modified starch in yogurt could
improve the consistency and impart creaminess.

Yogurt with modified tapioca starch as fat replacer showed
higher firmness than full-fat starch.

The addition of chemically modified starches to reduced-fat
yogurts contributed to a more stable acidified milk gelled
network.

The yogurt of syneresis, water holding capacity and viscosity
were meaningfully lower in samples containing modified
starch.

Xanthan gum (0.5 w/w %) was best for preventing syneresis,
improving water holding capacity and viscosity, and
augmenting texture property.

Xanthan (0.2 % w/w %) were utilized synergistically to
increase frozen yogurt creaminess and increase overall
acceptance.

(Martin-Martinez
et al., 2004)

(Morell et al.,
2015)
(Sandoval-Castilla
et al., 2004)
(Lobato-Calleros
et al., 2014)

(Nikitina et al.,
2019)

(Rafiq et al.,
2020)

(Soukoulis & Tzia,
2008)
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Table 2
The influence of some hydrocolloids on properties of cheese at different conditions.
Hydrocolloid Cheese type Conditions Results References
Carboxymethyl Mozzarella CMC (0 - 0.5 w/w %) By the hydrophobic interaction, CMC could be used as texturizer (Li et al., 2019)
cellulose (CMC) cheese and crosslinking agents in mozzarella cheese.
Carrageenan Processed k-carrageenan (0.1-0.4 w/w %) and The final product was very hard. (Cernikova et al.,
cheese 1-carrageenan (0.1-0.3 w/w %) 2010)
Low-fat Colby k-carrageenan (0.3 w/w %) and Carrageenan can improve the texture and rheological propertiesas ~ (Wang et al.,
cheese 1-carrageenan (0.3 w/w %) fat replacers. 2016)
Processed k-carrageenan (0-0.25 w/w %) The addition of k-carrageenan showed a significant increase in G*  (Hanakova et al.,
cheese and hardness. 2013)
Gelatin Petit suisse Gelatin (0-3 %) There was a difference between cheese with gelatin and control, not (Bermudez-
cheese only in sensory acceptance but also in texture analysis. Beltran et al.,
2020)
Gum arabic Low-fat Iranian Gum arabic (0.4—1.4 w/w %) Gum arabic at concentrations at 0.4-1.4 w/w % give rise to an (Lashkari et al.,
white cheese undesirable hard texture. 2014)
Gum tragacanth Half-fat cheddar ~ Gum tragacanth (0-0.05 % w/w %) The addition of gum tragacanth as fat placer cannot mimic the full- ~ (Cooke et al.,
cheese fat cheese sensory properties fully. 2012)
Low-fat cheese Gum tragacanth (0-1.0 g/Kg) The more compact microstructure led to texture and sensory (Rahimi et al.,
properties improving. 2007)
Pectin Processed Pectin (0.2-0.8 w/w %) The cheese added pectin was more rigid and less spreadable than (Macka et al.,
cheese cheeses without pectin. 2008)
Kariesh cheese Pectin (0-0.4 w/w %) and CMC (0-0.6 % Kariesh cheese made with 0.4 w/w % pectin and 0.6 % w/w CMC (Korish and Abd
w/w) recorded the highest scores from the perspective of having lower Elhamid, 2012)
hardness, springiness, adhesiveness, chewiness, and gumminess.
Starch Low-fat cheese Acetylated maize starch (0.5-0.15 w/w %)  Acetylated maize starch (0.5-0.15 w/w %) and hydroxypropylated ~ (Diamantino

and hydroxypropylated maize starch
(0.5-0.15 w/w %)
Sodium alginate (0.12 - 0.23 w/w %)

Sodium alginate Low-fat cheese

Xanthan gum Low-fat cheddar ~ Xanthan gum (0-0.045 w/w %) and

sodium caseinate (0-0.045 w/w %)

Cream cheese Xanthan gum (0.3 w/w %)

Mozzarella Xanthan- locust bean gum (1:1, 0.42 w/w
cheese %)
p-glucan Low-fat cheddar  p-glucan
cheese
Low-fat p-glucan (0.06 00.12 w/w %)
mozzarella
cheese

maize starch (0.5-0.15 w/w %) et al., 2019)

The addition of sodium alginate as a fat placer improved the body  (Khanal et al.,
texture significantly and resulted in the formation of porous 2018)
microstructure entrapping more water.

Applying xanthan gum and sodium caseinate in cheese is a (Nateghi et al.,
considerable choice. Xanthan gum (0.045 w/w %) or low sodium 2012)

caseinate can decrease the hardness and gumminess.

Compared with combined stabilizer (xanthan gum, locust bean
gum, and guar gum), using xanthan gum can produce sticker and
softer cream cheese for spreading easily.

Xanthan- locust bean gum would be the best choice as a mixed
stabilizer to improve sensory and stability in cheese compared with
xanthan-carrageenan.

Significant fat replacement with the p-glucan resulted in softer

(Brighenti et al.,
2020)

(Jana et al., 2010)

(Konuklar et al.,

Cheddar cheeses with decreased melt times and sensory scores. 2004)
Low fat cheese control (5 % fat) with p-glucan showed the softer (Vithanage et al.,
texture and the greatest melt and stretch properties. 2008)

the exterior layers of ice cream to interior layers. Therefore, hydrocol-
loids can decrease the melting rate of ice cream (Seo and Oh, 2022).

As the ice cream colloidal system contains a number of ice crystals,
uncontrolled growth of ice crystals is one of the primary difficulties for
ice cream consumption. By adsorbing onto the surface of crystals,
modifying the rate of water molecules adsorption onto or go away from
crystals, hydrocolloids can influence the interface properties between
serum and ice crystals throughout freezing and storage. Furthermore,
forming a three-dimensional gelation network between hydrocolloids
and milk protein through hydrogen bonds creates an obstacle to the
growth of large ice crystals. The firmness of gel could repress recrys-
tallization. In many studies, ice crystal growth in frozen ice cream was
meaningfully retarded in samples containing locust bean gum, xanthan
and inulin. More examples applicating hydrocolloids in ice cream are
shown in Table 3.

2.4. Hydrocolloids in whipped cream

Addition of hydrocolloids is considered as a practical method for
preparation, production, and preservation of whipped cream. Whipped
cream refers to the fat-containing part (30.0 % to 40.0 %) separated
from milk as raw material, with or without other raw materials and food
additives, and is processed into a product used in the food sector. Due to
the unique application characteristics of whipped cream, it is becoming
more and more popular in the food market. However, there are several
conflicts in whipped cream production. Whipped cream is a

thermodynamically unstable emulsion system. According to the law of
thermodynamics and the principle of minimum energy, when there are
no other factors, the emulsion will quickly undergo phase separation to
reduce the interface contact area and reduce the system’s free energy.
Whipped cream should be stable against aggregation during storage and
properly partially coalesced during the whipping process. Hence several
hydrocolloids are often used to balance these conflicts in whipped cream
products.

Polysaccharides are very effective in improving the stability of
emulsions (Murayama et al., 2021). Appropriate polysaccharides can
enhance the viscosity of emulsions, thereby delaying the rate of fat ag-
gregation during storage. Besides, an irreversible covalent complex is
formed between the hydrocolloids and milk protein (Klein et al., 2010).
Compared with a single protein or a single polysaccharide, this covalent
complex has better solubility and emulsification properties, and
adsorption on the fat droplet interface can improve the stability of the
emulsion. This can also enhance its functional properties, such as
whipping properties. A brief overview of the applied hydrocolloids in
whipped cream are given at Table 4.

3. Types and characteristics of oleogel in dairy products

Solid fat plays an irreplaceable role in dairy foods. It is responsible
for imparting unique flavor, mouthfeel and texture for dairy products,
satisfying the processing requirements of dairy products for plasticity
and strong stability (Patel et al., 2020). For example, solid fat can
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Table 3
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The influence of some hydrocolloids on properties of ice cream at different conditions.

Hydrocolloid

Ice cream type

Conditions

Results

References

Basil seed gum
Carboxymethyl

cellulose
Cellulose

Carrageenan

Guar gum
Gum tragacanth

Inulin

Locust bean gum

Pectin

Xanthan gum

Low fat ice cream
Goat milk ice cream

Low fat ice cream

Soft ice cream

Ice cream

Normal ice cream
Salep based ice
cream

Yogurt-ice cream
Low-fat ice cream
Reduced-fat ice
cream
Kahramanmara-
type ice cream
Non-fat ice cream
Low-fat ice cream
Reduced-fat ice

cream
Normal ice cream

Basil seed gum (0.35-0.55 w/w %)
Carboxymethyl cellulose (0.2 w/w
%) and gelatin (0.2 w/w %)
Cellulose nanofibrils (0.15-0.3 w/w
%)

Cellulose nanofibrils (0.3-0.5 w/w
%)

K-carrageenan

k-carrageenan (0-0.02 w/w %),
basil seed gum (96.94 % w/w %)
and guar gum (3.06 w/w %)

Guar gum (0.1-0.4 w/w %)

Gum tragacanth (0-0.5 w/w %)
Inulin (5.0-9.0 w/w %)

Inulin (4.0 w/w %)

Inulin (2.0-5.0 w/w %)

Locust bean gum (0.3-0.4 w/w %)
combined with CMC

Locust bean gum (0.25 w/w %)
Locust bean gum (0-0.23 w/w %)
Pectin (0-0.15 w/w %)

Xanthan gum (0.0-0.8 w/w %)

Addition of basil seed gum had ability to reduce the meltdown
rate and extent of melting of ice cream.
Carboxymethyl cellulose improved the texture of the ice cream.

In 10 wt% fat ice cream, cellulose nanofibrils (0.3 wt%) not only
increased mix rheology and shape retention but prolonged fat
destabilization and onset time.

Carboxymethylcellulose made a significant effect to
physicochemical and sensory characteristics of ice cream.

Ice cream got the better stabilization and high melting resistance
with k-carrageenan/milk protein isolate mixture.

Addition of k-carrageenan had no significant impact on melting
rate of ice cream, but increased the hardness of ice cream
significantly.

Guar gum was used in ice cream to stabilize it, and incorporating
with 0.4 w/w % guar gum resulted in the highest viscosity.

Ice cream with gum tragacanth showed an increased in elastic
and viscous behaviors.

A positive relationship between the content of inulin increasing
and the melting property improving was observed.

Addition 4 w/w % inulin increased the hardness of ice cream and
increased the melting speed.

The addition of inulin increased the firmness of reduced-fat ice
cream significantly. In the presence of 8.58 % sugar and 22.18 %
whipped cream, 4.02 % inulin gave the ice cream appropriate
firmness, viscosity and melting rate.

The use of locust bean gum combined with CMC, guar gum, or
alginate provided the better properties (overrun values,
penetrometer values, and viscosity) for the ice cream.

Locust bean gum can lead to more week network, especially in
milk solids not-fat in the ice cream.

At constant mono and diglyceride levels, locust bean gum
decreased the melting rate of ice cream significantly.

Ice cream with 0.72 % pectin got lower mouth-coating scores
and higher smoothness scores.

Xanthan gum was added to ice cream, and with xanthan gum
concentration increasing, steady and dynamic rheology of ice
cream increased.

(Javidi et al., 2016)
(Ma et al., 2014)

(Velasquez-Cock et al.,
2019)

(Bahramparvar et al.,
2009)
(Seo and Oh, 2022)

(BahramParvar et al.,
2013)

(Jagdish et al., 2014)
(Kurt et al., 2016)
(El-Nagar et al., 2002)
(Akalin et al., 2007)
(Samakradhamrongthai
et al., 2021)

(Guven et al., 2003)

(Patmore et al., 2003)
(Cropper et al., 2013)
(Zhang et al., 2018)

(Dogan et al., 2012)

Table 4
The influence of some hydrocolloids on properties of whipped cream at different conditions.
Hydrocolloid Whipped Conditions Results References
cream type
Carboxymethylcellulose Whipped Carboxymethylcellulose (0.03 % Formulation containing 0.03 % k-carrageenan and 0.01 % cremodan  (Gafour and Aly,
cream wt/wt) se 80 can decrease whipping time and increase overrun. 2020)
Carrageenan Natural k-carrageenan (0.0 %-0.04 % wt/ A positive correlation of k-carrageenan addition on whipping cream (Kovacova et al.,
whipped wt) functional properties (whipping time and whipped foam) was 2010)
cream observed.
k-carrageenan (0.0 %-0.04 % wt/ A better synergistic interaction effect of k-carrageenan and basil seed  (Biglarian et al.,
wt) and basil seed gum gum on desirable physical structure for whipped cream was observed. ~ 2021)
I-carrageenan (0.0 %-0.1 % wt/wt) Strong interaction of l-carrageenan with caseins made great (Camacho et al.,
contribution to viscosity increase of whipped cream. 2005)
l-carrageenan (0.0 %-0.1 % wt/wt) Whipped cream containing 0.085 % l-carrageenan showed a well (Camacho et al.,
firmness during freezing-thawing process. 2001)
Low-fat k-carrageenan (2.5 %-15.0 % wt/ Stabilizer blends adding high level of k-carrageenan could decreasein ~ (Ghribi et al.,
whipped wt) overrun, while increasing the whipped cream’ viscosity. 2021)
cream
Cellulose fiber Low-fat Modified cellulose fiber (0.5 %-1.5 Modified cellulose fiber with improved textural properties could be (Athari et al.,
whipped % wt/wt) used in low-fat whipped cream. 2021)
cream
Hydroxypropyl Natural Hydroxypropyl methylcellulose Hydroxypropyl methylcellulose showed a positive dose-dependent (Zhao, Zhao, Li,
methylcellulose whipped (0.025-0.125 % wt/wt) effect on firmness, cohesiveness, consistency and viscosity of whipped et al., 2009)
cream cream.
20 %-fat Locust bean gum (0.0-0.15 % wt/ Increasing locust bean gum concentration led to higher values of (Rezvani et al.,
whipped wt) apparent viscosity, firmness, and average particle size and lower 2020)
cream values of overrun and foam stability.
Xanthan gum Natural Xanthan gum (0.025-0.125 % wt/ A positive influence was found between xanthan gum content and (Zhao, Zhao,
whipped wt) cohesiveness, firmness or viscosity of whipped cream. Yang, et al., 2009)
cream
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improve the melting resistance and stabilize the complex system of ice
cream, and provide aroma for cheese products as well. However, with
the rapid increase of incidence rate and Case fatality rate of cardiovas-
cular diseases, people gradually attach importance to reducing the
consumption of solid fat in daily diet. This is mainly because it has been
found that the gut is regarded as an essential digestive organ in the
human body and is closely associated with diet-related pathologies such
as cardiovascular diseases, diabetes, and obesity. A high-fat diet can lead
to a decrease in the abundance of beneficial lactic acid bacteria,
including Lactobacillus, and Streptococcus in the gut, leading to an
imbalance in the ratio of Firmicutes and Bacteroidetes, resulting in dis-
eases such as gut permeability, insulin resistance, and obesity (Salazar
et al., 2020; Ye et al., 2021). Therefore, finding suitable solid fat sub-
stitutes is particularly important.

Oleogel is a kind of viscoelasticity liquid or solid grease, which is
mainly composed of a small amount of organic gel factors combined
with fat or liquid oil. These factors can be self-assembled or recrystal-
lized in liquid oil to form a three-dimensional network structure, which
blocks the movement and spread of liquid oil, and making the whole
system gel (Patel and Dewettinck, 2016). The oleogel provides a new
idea to replace the traditional solid fats. At the same time, the intro-
duced liquid oils can include flaxseed oil rich in n-3 long-chain poly-
unsaturated fatty acids, soybean oil rich in oleic acid, and camellia oil
rich in natural antioxidants. These unsaturated fatty acids have benefi-
cial effects on regulating the gut microbiota diversity, lowering the level
of low-density lipoprotein in the blood, and regulating blood glucose
(Jing et al., 2022; Ye et al., 2021).

The main functional role of fat in food formulation is to provide
structure to the product, which including the textural and organoleptic
properties and so on, and simply reducing the fat content in dairy
products will seriously affect the quality of food products. Oleogel can
not only effectively replace the fat content in food, but also the impact
on product status and sensory quality is relatively small. For example,
the incorporation of oleogel resulted in frankfurters with firmness,
chewiness, and springiness comparable to those of pork fat formulations
in another study (Wolfer et al., 2018), breads made with oleogel and
triglyceryl monostearate had softer texture compared with breads made
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by commercial shortening (Mert and Demirkesen, 2016). Although the
application technology of Oleogel in dairy products is not as mature and
extensive as that in meat products and bakery products, dairy products
are increasingly indispensable in people’s daily life, oleogel is receiving
a great deal of attention from researchers working in this field
(Table5).

4. Action mechanism of different gel in dairy products
4.1. Hydrocolloids

The interaction between polysaccharide and milk protein in the dairy
products is very complicated. The stability of dairy quality mainly relies
on the interaction forces between polysaccharides and milk proteins,
including covalent, electrostatic interaction (Lin et al., 2021; Sun et al.,
2016), excluded volume (Svensson et al., 2014), hydrophobic in-
teractions (Cheema et al., 2017), van der Waals forces (He et al., 2020).
It can be affected by many factors, including polysaccharide structure,
molecular weight and distribution, conformation, the milk protein type
and concentration, the system pH, ironic strength, temperature and its
processing process, heat treatment process, etc. Based on the poly-
saccharide structure, particularly the difference of net charges, poly-
saccharides can be divided into anionic, cationic and cationic. The effect
of the polysaccharide classification on the formation of protein-
polysaccharide complexes are discussed below.

Anionic polysaccharides, such as pectin, carrageenan, and xanthan
gum, stabilizing the dairy matrix mainly base on the adsorption of
polysaccharides on the surface of casein. Under acidic conditions, the
carboxylate groups of pectin and the cationic amino acid residues on the
casein are combined by electrostatic interaction (Huang et al., 2022;
Wausigale et al., 2020). As it can effectively prevent protein precipitation
and fat floating, it is often used as a stabilizer for yogurt. When the pH
value (<5) decreases, more pectin can interact with casein electrostat-
ically to form a complex, making the entire system more stable (Tan,
2019; Tromp et al., 2004). Carrageenan, another anionic hydrocolloids
commonly used in neutral ice cream, is divided into three types such as
A-type, 1-type and k-type. The three types can be adsorbed on the casein

Table 5
The influence of Oleogel on properties of dairy products at different conditions.

Category  Oleogel Product type Conditions Results References

Cheese high-oleic soybean oil oleogel-cream- OG sample was added to The fatty-acid profiles, antioxidant content, and the amount (Park et al.,
(HOSO) and rice bran wax cheese (OCC) skim milk (76.58 %) of oxidation products were comparable between the OCC 2018)

and the ungelled cream-cheese sample (UGCC) products.
Canola oil with carnauba imitation cheese The addition of oleogel is Oleogel produced cheese with harder and more cohesive/ (Moon et al.,
wax low in saturated about 10 % chewy textures 2021)
fat

Soybean oil with rice bran Processed cheese Contains 10 % oleogel The texture of PCP with 10 % oleogel(RBW) is harder, and (Huang et al.,
wax (RBW) or sunflower wax  products (PCP) the meltability is increase 2018)
(swW)

Ice refined sunflower oil with Ice cream 90 g raw cream (50 % milk Reduced the amount of saturated and long-chain fatty acids; ~ (Ozdemir,

cream beeswax fat) or oleogel organoleptic qualities deteriorated 2023)
soybean oil, with 6 % Ice cream 50 %~100 % replacement of ~ The replacement of oleogel fat (50 %) reduced the melting (Airoldi et al.,
carnauba wax the traditional lipid rate of ice cream, and sensory evaluations is acceptable 2022)
Camellia oil with and Ice cream The amount of oleogel Compare with camellia oil ice cream and butter ice cream, (Jing et al.,
beeswax addition was 7 % the oleogel ice cream is better at overrun rate, melting rate 2022)
and nutrition ingredients

Strawberry seed oil with Ice cream Replace 5-7 % fat content Rich in unsaturated fatty acids, a promising alternative (Nazarewicz
hydroxypropyl et al., 2023)
methylcellulose

Cream Isolated soy protein (ISP) Cream cream produced with 5 % replacement had the most value of overall acceptance at ~ (Naji-Tabasi
and basil seed gum (ISP-BSG) reduced fat (5, 10 and 15 %) texture and sensory test et al., 2020)
Myverol with high-oleic Filling cream The addition of oleogel is 22 26 % addition of oleogel made cream reduce oil migration (Palla et al.,
soybean oil (HOSO) %, 26 %, 30 % and 40 %, and the texture is softer, at the same time, adhesiveness is 2021)

respectively enhanced

Rapeseed oil and linseed oil vegan cream Alternative fat content is The physical properties of cream similar to commercial UHT ~ (Szymanska
with candelilla wax 31.5% dairy cream, and with greater physical stability et al., 2021)

yogurt Phytosterol and y-oryzanol yogurt Oleogel in water emulsion Perhaps due to the low-fat content, the yogurt network isnot ~ (Moschakis
with sunflower oil replace 2 % and 4 % fat be well enhanced et al., 2017)
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micelles, so long as the charge carried by the carrageenan molecules
reaches a certain strength. When the distance between two adjacent
sulfonate groups on the carrageenan molecular chain is less than 0.5 nm,
no matter what the molecular conformation and morphology of carra-
geenan, it can interact with casein micelles. A-type carrageenan has the
highest charge density, and the average distance between two sulfonate
groups is 0.3 nm so that it can be adsorbed on casein micelles at any
temperature (Langendorff et al., 2000). Most studies have considered
that only A-type carrageenan can better bind to casein, but Tan reported
that the charge on carrageenan was large enough, any carrageenan can
attach to casein (Tan, 2019). Figure S2 shows a schematic diagram of the
interaction between polysaccharides and proteins.

Guar gum is a cationic hydrocolloid and has a linear macromolecular
structure. It is biocompatible and non-toxic used in food product. The gel
texture adding guar gum is hard, while locust bean gum is too soft. The
combination of the two can improve the texture of dairy product, and
then make the dairy foods to be more acceptable.

Locust bean gum, inulin, and starch/modified starch are among the
most used non-ionic polysaccharides (Cui et al., 2014). Although the
application range of nonionic polysaccharides is not as wide as that of
anionic polysaccharides, it has also attracted widespread attention in the
dairy product procession due to its whey absorption effect, ability of
prevention casein aggregating and function of improving the stability
(Kale et al., 2020; Pancar et al., 2016; Prasad et al., 2013; Rinaldoni
et al.,, 2012; Schmidt et al., 2001; Sun et al., 2016). Otherwise, large
modified starch granules can mimic fat properties in dairy product. In-
teractions between proteins and non-ionic polysaccharides are common
owing to their neutral characteristic. Phosphorylated starches are a kind
of starch derivatives with lots of anionic charges due to the introduction
of the phosphate groups and can overcome the deficiencies of unmodi-
fied starch (Sun et al., 2016). Phosphate starch possessed better
adsorption ability, which made it combine tightness with casein. It was
observed that phosphate starch-casein was bound firmly together via
electrostatic repulsion, steric stabilization and hydrogen bonds (Sun
et al., 2016). Apart from -PO4 in phosphorylated starches, the -SOj,
—-COOH, -OH in polysaccharides and -COOH, -NH,, —~OH in proteins can
form hydrogen bonds.
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4.2. Oleogel

As a viscoelastic solid, oleogel captures hydrophobic liquid vegetable
oil into a thermo reversible three-dimensional gel network through
hydrogen bonding, electrostatic and other interactions, so that the
content of oil can reach 90 ~ 96 % (Frolova et al., 2022; Singh et al.,
2017).

The common preparation methods mainly include direct dispersion
and indirect dispersion, as shown in Fig. 1 (A). The direct method is to
disperse the gelator directly into the oil phase under high temperature
heating and stirring, followed by cooling it under relatively mild con-
ditions to induce the formation of nucleation and crystal growth,
resulting the completion of self-assembly networks(Cui et al., 2023); The
indirect approach is mainly to forming a structural skeleton by adding
gelator to the aqueous solvent or water continuous emulsion under
stirring, which requires the careful removal of aqueous phase for the
formation of the network structure of oleogel by oven drying or freeze-
drying. The indirect methods have better entrapment and preservation
effects on liquid oils to compared with direct method (Patel and Dew-
ettinck, 2016).

Therefore, it has the appearance of solid fat and the interior of liquid
fat, and it has functions equivalent to solid fat, and contains less trans-fat
and saturated fat (Manzoor et al., 2022). It can provide the creaminess
and smoothness taste required for cream and ice cream, and trans-
forming liquid oils into solid fats without formation of trans-fatty acids
to reduce levels of saturated fatty acids, replacing solid fat in cream, ice
cream, yogurt, and cheese. Furthermore, oleogel can also be applied in
meat products, flour products, and nutrition delivery (Mert and Demi-
rkesen, 2016; Wolfer et al., 2018; Zhuang et al., 2021). It is worth
mentioning that in nutrition delivery, oleogel can encapsulate nutrients
and probiotics for application in dairy products, serving as a delivery
carrier to protect nutrients and probiotics, thereby enhancing its storage
stability and intestinal survival rate (Zhuang et al., 2021). Fig. 1(B)
shows the application cases of oleogel in several different dairy products
and other foods.

5. Conclusion and future remarks

The position of dairy products in life cannot be ignored. This paper
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Fig. 1. (A) Two common preparation methods of oleogel; (B)The application cases of oleogel in dairy products and other foods.
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reviews the application research of different hydrocolloids and oleogel
in yogurt, cheese, ice cream and whipped cream as the common dairy
products, the interaction and functional characteristics were list as well.
The hydrocolloids can readily disperse, and swell and combine with the
free water, so that they interact with milk proteins to improve the
texture of dairy foods. The oleogel can improve the composition of good
fatty acids in dairy products by fat replacement. Hydrocolloids and
oleogel are the promising ingredient in the development of dairy foods,
which can not only improve the technical function, but also improve the
composition and structure of milk fat in dairy foods.

Nevertheless, there are many challenges and technological problems
that prevent the application of hydrocolloids and oleogel in dairy foods.
In practical application, hydrocolloids will be affected by temperature,
pH, steam and other factors in dairy processing, which will lead to an
unsatisfactory effect. However, the problems faced by oleogel are more
complex. The commercialization of oleogel has not enough data support,
mostly due to the lack of more theoretical grounding and insufficient
experimental attempts on dairy products. For example, how to select the
ideal materials suitable for dairy products, including the selection of
liquid and gelator and their proportion, the processing method and
storage conditions and so on, these are all problems they face and need
to solve so as to promote the application in dairy products. Although
many factors affect the quality of protein-polysaccharide interactions
and the fat substitution effect of oleogel in dairy products, if future
studies focus on solving the above problems, the commercial application
of hydrocolloids and oleogel in dairy products will be better developed.
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