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Abstract: Foods have a fundamental role in maintaining the health and well-being of the host, as well
as functional foods, due to their unique inherent feature, have been considered in promoting nutritional
value and biological properties. The present study aimed to review the role of encapsulation technology
in removing the limitation of consumption of lipid-based functional foods by using the lipid-
nanocarriers strategy. In the food industry, functional ingredients cannot be added directly to the food
matrix to produce products that have acceptable sensory characteristics and desirable health benefits.
Therefore, various technologies have been developed to improve aqueous solubility, protect against
degradation and oxidation, and increase the bioavailability of functional lipid-based foods. In this
respect, encapsulation technology is one of today's most applied technologies. This technology
stabilizes functional compounds, prevents undesirable interactions in the food matrix, and plays a
fundamental role in their effective transmission by food. Among the various strategies for
encapsulation, lipid nanocarrier systems can be widely used. The encapsulation of functional lipid
compounds by nanotechnology can, in addition to removing the limitation of adding these compounds
in the food system, improve their oxidative stability, which in turn enhances the nutritional value of
food, regulates release in the gastrointestinal tract, increases intestinal absorption, and develops
functional food formulations. Consequently, play a significant role in establishing and promoting host
health status.
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1. Introduction

Functional bio-compounds include a wide range of nutrients such as vitamins, minerals,
plant-derived constituents (polyphenols and carotenoids), prebiotics, probiotics, and
postbiotics that play an effective role in disease prevention improve health status. With the
passage of time and changes in the lifestyle, the demand of consumers also changes, and they
choose foods that meet the basic needs of hunger and provide nutrients, increase the promotion
of physical and mental health as well as prevent some chronic diseases, which reveal the
importance of the functional foods [1-4]. Bioactive food compounds are known to be natural
compounds that have biological activities and, in some cases, have significant nutritional value.
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The results of studies indicated that these bio-compounds possess a wide range of biological
functions, such as reducing the risk of acute/chronic diseases, establishing gut homeostasis,
and maintaining health and safety in society. Food bioactive compounds can be divided into
some categories, such as flavorings, odors, colors, and preservative agents. When added to food
and beverage matrices in certain and standard amounts, can improve nutritional value and shelf
life [5-7]. In this regard, lipid-based functional foods due to the presence of essential nutrients
in high amounts, including unsaturated fatty acids (linoleic, linolenic, and oleic fatty acids) and
also due to the clinical functions of these compounds in the combat against various cancers,
obesity, diabetes, and cardiovascular diseases has always been the focus of nutritionists and
food scientists. However, these lipophilic compounds have limited consumption in food
systems due to low solubility in water, low bioavailability, high sensitivity to biologically
harmful agents such as oxidation, non-combination with other hydrophilic compounds, or
having an unpleasant taste [8,9].

On the other hand, several technologies have been developed to improve water
solubility, protect against oxidation and increase bioavailability, which is one of the most
widely used technologies is encapsulation [10-12]. Among the various strategies for
encapsulating bioactive compounds, nanocarrier systems have been developed worldwide for
the efficient delivery of lipophilic compounds. Nanoparticles with a particle size of fewer than
500 nanometers are suitable for use in the food industry. Due to their very small size,
Nanoparticles do not block light transmission, have a low precipitation rate, and have higher
bioavailability than larger particles [13-15]. Other benefits of nanoparticles include improved
water solubility, increased shelf life, increased intestinal absorption, and controlled release
[8,16,17].

In recent years, the use of liposome production technology has been investigated by
many researchers in various fields of medicine and the food industry. Liposomes consist of two
closed spherical layers separated from fluid regions. The structure of liposomes is similar to
that of biological cell membranes. Hydrophobic groups are trapped toward each other, and
hydrophilic groups are trapped around the material and accumulate around the liquid
environment, forming lipid wells or liposomes [18]. In the structure of liposomes, mainly
phospholipids and especially phosphatidylcholine are used as the most important phospholipid
in eggs and soybeans. Due to the equal size of the head and tail, this compound creates a
uniform structure in the liposome. The addition of cholesterol increases the stability and
decreases the permeability of the liposome membrane. The presence of this compound causes
the liposome structure to be more compact and the volume of the encapsulated material to be
reduced. The presence of anionic compounds such as phosphatidylserine,
phosphatidylglycerol, phosphatidylinositol, phosphatidic acid, and cationic compounds such
as diacetyl phosphate and phosphatidylethanolamine leads to electrostatic repulsion, reduction
of accumulation, improvement of stability. As a result, more liposome is trapped inside the
cheese clot [19-21]. Cheese is one of the oldest dairy products of human production, which has
a special place in people's nutrition. With time, the desired aroma, taste, texture, and special
therapeutic properties are created in the product. Depending on the type of cheese and its
different characteristics, the ripening period of ripe cheeses in the world lasts from a few weeks
to several months and even years [22]. The ripening process is a complex, lengthy and costly
process. It is economically very important to shorten the ripening period of the cheese without
damaging its aroma, taste, and texture [23].
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Increasing the amount of lipase, protease, and peptidase enzymes into the cheesecloth
is an effective key in accelerating the ripening of the cheese. However, non-uniform
distribution and loss of enzymes in whey are among the most important problems of enzyme
utilization [24]. Encapsulation of the mentioned enzymes is the solution to overcome this
limitation. The first paper on the microencapsulation of enzymes in liposomes was published
by Cesa and Wiseman in 1970. In this study, lysozyme microencapsulation in fat vesicles with
changes in fat composition and a total load of fat vesicles was investigated [25,26]. The use of
liposomes as carriers to transport enzymes protects the enzyme from abnormalities and controls
the reaction rate between the enzyme and the substrate. This goal is pursued by
microencapsulating proteolytic enzymes during cheese production [27]. When nanocarriers are
added to food or carrier systems, they must be considered in terms of stability in food
formulation, non-toxicity, biodegradability, and stability during food processes [28]. Among
colloidal nanocarriers, Nanostructured Lipid Carrier (NLC) is one of the most suitable delivery
systems due to its high encapsulation efficiency, acceptable physicochemical stability, and
controlled release [29]. Studies in nanotechnology and the encapsulation of food compounds
have led to the development of functional compounds and increased their health effects. While
introducing the functional lipid compounds, the present review study surveys the different
strategies for adding these compounds to the food matrix and the role of nanostructured lipid
carriers in increasing the bioavailability of functional lipid compounds.

2. Lipid-based Functional Foods

The concept of nutraceuticals was coined in 1989 from a combination of the words
"nutrition” and "pharmaceutical”. Generally considered a food or part of a food that has
physiological properties and valuable biological activity and can increase health or reduce the
risk of disease, in addition, to having basic nutritional properties. They also have an effective
role in the prevention or treatment of chronic diseases. Despite the urgent need, these
substances are compounds that the host body cannot make. Their deficiency in the body also
causes diseases such as learning disabilities, mental retardation, blindness, and premature death
[30-32]. It is noteworthy that reducing dietary fat to create a healthy diet causes a lack of fat-
soluble nutrients, including fat-soluble vitamins, antioxidants, and polyunsaturated fatty acids
[33-35]. Therefore, to meet the body's need for essential nutrients and solve the resulting
problems, low-fat and non-fat foods can be enriched with essential and valuable micronutrients.
Enrichment is the addition of one or more essential micronutrients to foods at levels higher
than naturally present in the food or not at all [36]. Functional components include a group of
food compounds, including vitamins, bioactive peptides, minerals, phytochemicals
(polyphenols and carotenoids), prebiotics, probiotics, and postbiotics, and is associated with
disease prevention and health promotion [37,38].

On the other hand, most food-drug compounds cannot be added to foods and beverages
in pure form due to their low solubility, sensitivity to degradation during the process, shelf life,
digestion, and low bioavailability [39]. Therefore, to eliminate these disadvantages,
encapsulation systems were created. The use of new encapsulation methods, solubility,
resistance to oxidation and isomerization, and the bioavailability of fat-soluble vitamins and
carotenoids, especially betacarotene, is significantly increased [28,40,41].
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3. The Adding Strategy of Functional Compounds into the Food Matrix
3.1. Encapsulation of functional compounds.

Encapsulation is the process of trapping active agents within carriers. It is a useful tool
for improving the delivery of bioactive substances (antioxidants, minerals, vitamins,
phytosterols, lutein, fatty acids, and lycopene) and living cells (probiotics) through foods
[42,43]. Encapsulation can be defined as the technology of packing liquid, solid and gaseous
materials inside small capsules. These capsules release their contents in controlled amounts
over long periods and under special conditions in the target areas [44,45]. This technique
separates reactive materials from other food system components and controls their release
[46,47]. The materials used in the design of the capsules' shell supporting must be edible,
biodegradable, and create a barrier between the internal phase and the environment. Of all the
substances, polysaccharides, proteins, and lipids have the widest range of uses in food
encapsulation, which preserve the natural and intrinsic properties of the product [48]. The
particles produced usually have a diameter of a few nanometers to a few hundred micrometers
[19]. Micro/nanoencapsulation has been developed to create a boundary to prevent adverse
chemical reactions and the controlled release of bioactive compounds, especially vitamins
[49,50]. The diameter of the capsule in microencapsulation is 5-300 pum. Still, due to the
reduction of particle size in nanoencapsulation, the surface-to-volume ratio increases, so the
reactions are several times faster and also the optical properties and electrical of the material
will change [51].

3.2. Novel approaches in the transmission of functional compounds.

Proper selection of the process, emulsifiers, and other used compounds is the most
important factor in obtaining particles with the desired size and color for any type of
application. Of course, accurate and correct process control is also necessary during the
formulation process [52]. Nanosystems are divided into three groups based on wall material:
lipid and surfactant-based nanocarriers, polysaccharide-based nanocarriers, and protein-based
nanocarriers [53]. Lipid and surfactant-based nanocarriers are composed of the following
materials: nanoliposomes, nanoemulsions, solid lipid nanoparticles (SLN), nanostructured
lipid carriers, micelles, automated emulsion drug delivery system, and nanosuspension.
Polysaccharide-based nanocarriers include polysaccharide nanoparticles and polysaccharide
micelles. Protein-based nanocarriers also consist of casein micelles and various complex
proteins such as albumin, gelatin, whey protein, soy protein, milk serum protein, and corn.
Because each of these systems has specific advantages such as encapsulation efficiency,
particle stability, aqueous solubility, oral uptake, and bioavailability, understanding the
properties of core compounds and nanosystems is essential to designing the best lipophilic
food-drugs delivery system (Table 1).

Table 1. Differences and similarities of different emulsions (macro-emulsion, micro-emulsion, and
nanoemulsion).

Features macro-emulsion micro-emulsion nanoemulsion

Appearance Formulation dependent Transparent Transparent/Semi-transparent
Production methods Normal homogenization Low energy emulsification | High energy emulsification
Diameter size 0.5-100 micrometers 10-100 nanometers 20-200 nanometers
Thermodynamic stability Unstable Stable Unstable (kinetically stable)
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Dendrimers are a family of three-dimensional polymers and nano dimensions
characterized in solution by a compact spherical structure. The word cascading molecules was
used instead of a dendrimer, but the best word is "dendrimer”. Although the origin of
dendrimers can be thought of as linear polymers and then branched polymers, the amazing
structural properties of dendrimers and macromolecules with many branches are quite different
from traditional polymers' properties. Despite the use of polymers in drug delivery systems,
dendrimers have more benefits than them. They have limited polydispersity and nanometer
dimensions, making it easier to cross biological barriers [54]. Dendrimers can carry target
molecules by receptors on their surface or encapsulate them in cavities between branches [55].
Unlike linear polymers, dendrimers are macromolecules that branch from one nucleus, and all
branches eventually reach a central nucleus. In making dendrimers, their size and molecular
mass can be precisely controlled. The presence of many terminal branches increases the
solubility, miscibility, and reactivity of dendrimers. The solubility of dendrimers is strongly
influenced by the nature of the surface groups, for example, the presence of hydrophilic groups
causes the dendrimers to be soluble in polar solvents, and the hydrophobic terminal groups
cause the dendrimers to be more soluble in non-polar solvents. The importance of dendrimers
is characterized here that the therapeutic effectiveness of any drug depends on its good
solubility in the body's agueous environment. Many substances with strong therapeutic
properties are available, but they are not used for therapeutic purposes because they are
insoluble. Water-soluble dendrimers can bind to hydrophobic molecules with antifungal or
antibacterial properties. There is a possibility of releasing the bound drug due to contact with
the targeted living organisms, and therefore these complexes are considered drug delivery
systems [56,57].

Recently, various cells such as monocytes, macrophages, erythrocytes, neutrophils,
dendritic cells, and stem cells have been used as new drug carriers. Cellular drug delivery
systems have several benefits: environmental compatibility, reduced immune stimulation, long
and controlled half-life, and inherent targeting of inflamed, injured, and cancer cells.
Mononuclear cells such as dendritic cells, monocytes, and macrophages have a strong tendency
to swallow foreign material and collect damaged, inflamed, and cancerous cells. Cytokines
released from these damaged parts, especially in the absence of oxygen, cause the uptake of
monocytes and macrophages. These cells can also cross impermeable barriers, such as the
blood-brain barrier. Therefore, these cells are very suitable for targeted drug delivery and to
improve and enhance the effect of a drug without inducing immune reactions. Cells can
typically be used for drug delivery in three ways. In the first method, drugs enter the cells in
the form of endocytosis and are transported to the site of injury, placing drug molecules on the
cell surface and its release after reaching the damaged tissue is the second method. The third
approach is using genetically modified cells as biological plants that release therapeutic
proteins at the site of injury [58,59].

3.3. NLC lipid nanocarriers.

The fast crystallization process reduces the solubility of the drug and leads to the
ejection of the drug from the lipid nanoparticles, especially when the drug concentration in the
nanosystem is very high. Most drugs have a higher solubility in liquid lipids than solid lipids.
NLC is the same as modified SLN, and in the lipid phase, it contains both solid lipids (fat) and
liquid lipids (oil) at room temperature [60]. NLC, or oil-loaded SLN, contains liquid lipid

droplets that are partially crystallized and have a less regular or amorphous solid crystalline
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structure and was developed to overcome the limitations of SLN in the late 1990s [61] (Figure
1), (Table 2).

Perfect crystal

Solid Lipid (Fat)

Various shapes of lipid erystals Amorphous lipid

Holes

Bioactive compound Bioactive compound

|]mperfect structure |Amorphous structure ‘

Multiple structure

Figure 1. Schematic of the structure of different types of nanoformulations. Solid lipid nanoparticles (SLN)
compared to lipid nanocarriers (NLC) (incomplete structure, irregular structure, multiple structures).

Table 2. Main components of NLC formulation.
Different types of NLC structure's components

Soybean oil, medium-chain triglycerides, capric acid, caprylic acid, oleic acid, alpha-tocopherol,

Liquid oil vitamin E, corn oil, squalene

Stearic acid, carnauba gum, glyceryl tristearate, tri-stearin, acetyl palmitate,

Solid lipids glyceryl monocaprate, glyceryl palmitostearate, glyceryl behenate, propylene glycol monostearate

Tween 80, lecithin, poloxamer 188, polyglyceryl-3-methyl glucose distearate, sodium dodecyl

Surfactant/Emulsifier sulfate, sodium deoxycholate, tween 20

Among the advantages of using this type of structure is controlling and releasing active
agents and vitamins and increasing the permeability of the stomach wall to pharmacological
and nutritional factors [62,63]. Despite the presence of liquid oil, the structure of NLC at room
temperature and body temperature are in the form of solid particles dispersed in the aqueous
phase. Due to the incomplete crystal structure of lipids in NLC, it is expected that the space for
placing the active compound in the lipid-oil mixture and the loading capacity will increase, and
the release of the encapsulation compounds will decrease during the storage period. By
replacing lipid lattice compounds, the release index of active compounds can be easily adjusted
[64]. Much research has been done on the use of NLC in the food industry that includes the
following: the production of lipid nanocarriers containing vitamin A palmitate [62],
optimization of NLC formulations containing lutein [65], production of beta-carotene
nanostructured lipid carriers using grape seed and squalene oil [66] and the production of
nanostructured lipid carriers containing quercetin.

4. Application of Nanostructured Lipid Carriers to Increase the Bioavailability of
Functional Compounds

Among various strategies for the effective delivery of lipophilic functional substances,
the application of nanocarrier systems is becoming more widespread around the world. Due to
their small size, these compounds improve aqueous solubility, increase shelf life in the
gastrointestinal tract, improve physicochemical stability in the gastrointestinal tract, increase
intestinal permeability, controllable release into the gastrointestinal tract, intracellular and
intercellular release [8]. When nanocarriers are added to the food system, stability in food
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formulation, non-toxicity, biodegradability, and application in different food process systems
should be considered [28]. Figure 2 shows the types of nanosystems used for the lipophilic
functional compounds. Injectable application: SLN compounds are generally injected into a
vein, muscle, or subcutaneously.

Chitosan nanoparticles ; A
PLGA nanoparticles

Lipid-based nanoparticles

Nanoparticles-in-Microsphere

Silica nanoparticles % 2
Nanoparticles in hydrogels Oral Delivery Systems (NiMOS)

Figure 2. Different nanosystems for loading and transporting beneficial lipophilic compounds.

Because the particle size is less than one micrometer, these systems can be used with
minimal risk of blood clots leading to embolism. The particle size for intravenous injection
should be less than five micrometers to prevent embolism [67]. Oral application: the use of
these systems is very effective because of their ability to regulate drug release as it passes
through various parts of the gastrointestinal tract and protects against the chemical breakdown
of drugs prepared for bile, such as peptide drugs. According to reports, the release of the drug
in the laboratory lasted from a few minutes to 7 weeks. Decomposition of SLN prepared with
the wax matrix is slower than glyceride matrices [68]. Oral application of lipid nanoparticles
can be in tablets, pellets, or capsules. Due to the stomach conditions (the presence of acid and
strong ionic force), the environment will be suitable for the accumulation of particles. Food is
also expected to have a significant effect on the performance of lipid nanoparticles, although
there are insufficient valid data in this regard. Unfortunately, few studies have been performed
on the effect of gastric and pancreatic lipase on the in vivo breakdown of nanoparticles [69].
Respiratory application: Liu et al. In 2008, by loading insulin into the SLN, they introduced it
as a carrier for respiratory application and systemic transport of proteins [70]. Topical
application: SLN lipid nanoparticles, due to their physiological or degradable fats, are
considered as high tolerance carrier systems for dermal applications potential of lipid
nanoparticles is proven in targeting the skin, controlling its release, reducing skin side effects,
and protecting active compounds. It has been shown that the small particle size in lipid
nanoparticles improves the presence of nanoparticles in direct contact with the stratum
corneum and ensures the entry of encapsulated agents into the skin [71].

5. Potential Application of Lipid Nanosystems in the Production of Functional Foods

The application of nanotechnology in various aspects of food science has accelerated
at the beginning of the third millennium [72]. The potential benefits of using nanotechnology
in food science include many aspects, including packaging materials, effective nutrient release
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systems, Improved bioavailability formulations, and new tools in cell-molecular biology [73].
Nanotechnology in food processing means the encapsulation of active and nutrient compounds
with nano- and micro-sized edible coating and these particles into food matrices. Nanosystems
have several advantages over macro systems. Nanocarriers appear to be single-component,
thermodynamically stable or show long-term Kinetic stability. These systems have a higher
level and potentially improve the solubility and bioavailability of bioactive materials. Finally,
nano delivery systems enhance controlled release and improve the targeting of encapsulated
food components [74]. In the scientific literature, a range of approximately larger than 600
nanometers has also been reported for nanocarriers. Systems containing 600-nanometer
particles in the human gastrointestinal tract have similar effects to 1-100 nm particles.
Nanocarrier systems have valuable aspects in nanotechnology in functional compounds,
cosmetics, and the food industry. These systems are generally divided into two groups: polymer
systems and fat-based systems. Due to the toxicity of polymers and the lack of optimal large-
scale production methods, low acceptance of desirable biopolymers, and the need to use
organic solvents, the amount of products offered is limited compared to the past. In addition,
most bioactive compounds (fatty acids, carotenoids, tocopherols, flavonoids, polyphenols, fat-
soluble vitamins, and functional compounds), flavorings, and preservatives are hydrophobic.
The most desirable colloidal dispersions in the aqueous environment (type of oil in water) are
required to encapsulate lipophilic compounds. Also, the presence of digestible lipids facilitates
the absorption of bioactive compounds in the small intestine because these lipids increase the
number of mixed micelles available, which leads to the dissolution and transfer of more
hydrophobic compounds [75]. A study on the effect of bacterial and fungal proteases
encapsulated in liposomes on cheddar ripening showed that tissue improvement and proteolysis
in cheese occur faster than in the control sample. Observation of the electron microstructure
performed using a transmission electron microscope showed that the microstructure of cheeses
containing liposomes was less compact. The liposomes were located on the common surface
of casein fat. The study of the peptide pattern showed that bitter and astringent peptides
accumulated in cheddar cheeses derived from protease-containing liposomes, and their amount
depends on the type and concentration of enzyme added. Investigation of organoleptic
properties during the ripening period of cheese reveals that the aroma and flavor of all cheese
samples improved, and no bitterness and bad taste (except in cases where the enzyme
concentration is high) was observed during the three months ripening period [76]. During the
ripening of cheddar cheese, a part of the enzyme is removed from the liposome by destroying
some liposomes, and depending on the type of enzyme and its concentration, the ripening of
the cheese intensifies. Therefore, according to the ripening time of cheese, casein and high
molecular weight peptides are broken down into water-soluble peptides and then converted
into small peptides and amino acids. As a result, all indicators of proteolysis depth increase.
Although the amount of compounds that make up the astringent taste is zero at the beginning,
during the ripening of the cheese, the amount of these compounds increases and its amount in
cheeses containing liposomes containing the enzyme and the control sample is similar to each
other. It is noteworthy that these compounds depend on the amount of enzyme added. By
developing the appropriate concentration of the enzyme, the development of compounds that
cause astringent taste can be controlled. However, due to the acceleration of proteolysis in
cheddar cheeses with liposomes containing enzymes, the amount of compounds that cause
bitter taste is more than the control. During the first two months, the amount of these
compounds increases and then decreases [77]. Salminen et al. have investigated the potential
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of saponins extracted from Quillaja Saponaria to replace yolk salts in surfactant formulations
to increase the physical and oxidative stability of omega-3 NLC carriers. The results showed
that omega-3 encapsulation by the NLC method reduced the formation of lipid hydroperoxides,
propanal, and hexanal by 72, 53, and 57%, respectively, compared to emulsion fish oil in water
(without encapsulation) [78]. Therefore, much attention has been focused on lipid-based
nanocarriers, including nanoemulsions, liposomes, solid lipid nanocarriers (SLN), and
nanostructured lipid carriers (NLC). In this regard, NLC has advantages over other lipid
nanocarriers under certain conditions. The historical development of colloidal carrier systems
is shown in figure 3. These lipid nanoparticles have sizes of 40 to 1000 nm, are spherical, and
consist of solid lipid phase and surfactant. Dispersed phase, solid fat, and surfactant are used
as emulsifiers.

S
g
Py
NN
Y £
: Pol T
Nanoemulsion Liposomes nangpyan:‘tei;les Mi(r(:)l(;ngl(l)llsi()n SN NLC
1950 1965 1975 1992 1999/2000
J

——

Figure 3. Diagram of the historical progress of colloidal carrier systems.
6. Advantages of Using Lipid Nanocarriers

The use of nanocarriers in enriching foods with beneficial compounds such as fat-
soluble vitamins (A, D, E, K), which have known effects in reducing the risk of chronic
diseases, can be done with high efficiency. Numerous other benefits include control of release
at a specific location and time, stability of the encapsulation product against light, heat, and
oxygen during the process and storage within the food matrix, increased solubility of
hydrophobic compounds in an aqueous environment such as beverages and low-fat milk and
bioavailability have them higher [79]. This technique is used in various fields of the food
industry, pharmacy, and cosmetics. Food applications include the following: achieving a
uniform color in food, inhibiting pH change, changing ionic strength and extreme temperatures,
encapsulating flavors or odors, and separating reactive species from each other. In addition,
while nanoencapsulation increases the dispersibility and distribution of water-insoluble
compounds, it should not affect the product's sensory properties, color, and taste [80].
Preservation of the encapsulated compound during the process of transfer to the food and
during storage should be at the highest level, and against the amount of release in the place of
absorption should be optimal. For the transmission systems (drug, food, and genes) to be
effective, the encapsulation compounds must be made from natural materials, inexpensive,
nanoscale, prevent premature decomposition, and in terms of safety and health, should be
generally recognized as safe. Release systems must be compatible with other compounds in the
system in terms of physicochemical and qualitative properties of the final product (appearance,
texture, taste, and shelf life). The important point is that in nanotechnology, the small particle
size is desired and the change in the intrinsic properties of the particle along with the change
in its size should be considered [81]. The NLC formulation aims to produce particles embedded
in solid lipid oil, which increases the loading capacity and controls the release of the functional
compounds. In this case, the effective substance is dissolved in the oil and simultaneously
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encapsulated by solid lipids [82]. The lipid mixture in NLC has a slower polymorphic transfer
and a lower crystallization coefficient. In addition to the presence of oil in the NLC core, the
improvement in these properties may be due to the spherical shape of the particles. Thus NLC
may increase encapsulation efficiency, loading of functional compounds, and physical
stability. NLC appears to be a valuable choice for improving chemical stability, bioavailability,
and controlled release of lipid-friendly functional compounds in food matrices. NLC
immobilizes biomolecules in a solid particle matrix and protects bioactive compounds against
degradation [83]. As a physical barrier, the lipid matrix may protect encapsulated sensitive
active compounds from destructive agents in the aqueous phase. NLC is a new system for
controlled release in the food entry phase.

7. Conclusion

The present study considers a new field of research in lipid nanocarriers with a limited
number of articles in this field. The information extracted for this study is extracted from 30
articles in line with the purpose of the study. Using nanotechnology, it is possible to make
changes in food, add the desired additives in very small sizes and manipulate the physical
contents of food. As a result, the quality of food and digestion and absorption of food in the
body is improved, and new products are obtained in different flavors and colors. Also, for
effective intestinal delivery and absorption and increasing the bioavailability and stability
against oxidation of functional lipid foods, the microencapsulation method is the most efficient
method, which also preserves the natural and intrinsic properties of the product over time. One
nanoscale lipid carrier is NLCs, which have many advantages over other colloidal carriers.
High-pressure hot homogenization, as well as high shear force, is the most common method
for the production and preparation of lipid nanocarriers. The position of the active compound
in nanostructured lipid carriers is different. This difference is mainly due to the composition of
the formulation components, such as the chemical nature of the formulation components, lipids,
surfactants, and the manufacturing method. Medium-chain triglycerides and oleic acid are the
most commonly used oils in the production of NLC, and the most common solid lipids used in
the preparation of NLC are glyceryl behenate glyceryl palmitostearate, glyceryl
monostearate/monoesterin, acetyl palmitate, and stearic acid. As mentioned, among lipid
nanocarriers, NLC has shown more stability and loading percentage than SLN, liposomes, and
emulsions, especially at 25 °C, and is a new system for controlled release in the food entry
phase. Further studies are needed to determine the optimal methods for producing lipid
nanocarriers and evaluate the safety criteria and biological activity in different hosts.
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