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Abstract

Numerous essential nutraceuticals have poor oral bio-
availability, which significantly reduces their effectiveness 
as health-promoting agents. Different nanoparticles can 
be used to produce delivery systems that enhance oral 
bioavailability through a number of mechanisms such as im-
proving nutraceutical solubility in intestinal fluids, increasing 
nutraceutical stability in foods and the gastrointestinal tract, 
or facilitating nutraceutical absorption. Nanoliposomes are  
a category of nanoparticles that, used in various fields from 
pharmaceuticals to food and cosmetics, have become the 
subject of growing interest in the field of nanotechnology.  
In the health industry, they are especially used as ingredients 
in the manufacturing process. Nanoliposomes were mainly 
incorporated into food products to improve the texture, taste, 
and smell of certain flavours, however, research suggests  
a promising future for the use of these lipid nanostructures 
in nutraceutical applications. One of the main advantages of 
using them in the nutraceutical industries is the fact that they 
can enrich food and beverages with bioactive substances 
without negatively affecting the sensory characteristics of 
the original product. Moreover, the nanometric size of na-
noliposomes makes them transparent, which is very useful 
for fortifying clear drinks with hydrophobic nutraceuticals or 
those with an undesirable taste or odour. Therefore, the use 
of nanoliposomes can be extended to the nutraceutical field 
by functionalizing them with bioactive compounds known for 
their health and beauty benefits.
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Introduction

Based on current knowledge about successful applica-
tions of liposomes in the pharmaceutical and biomedi-
cal industries, scientists have started applying this type  
of vehicle for the encapsulation and controlled delivery of 
nutraceuticals. Distinguishing nutraceuticals from dietary 
supplements is not always simple and often leads to con-
sumer confusion, therefore, some general information about 
nutraceuticals must be pointed out.

Nutraceuticals are defined as nutrient and non-nutrient 
compounds in food that have health-promoting, disease-
preventive, or medicinal properties. The most popular 
nutraceuticals are compounds derived from whole foods, 
usually vegetables and fruits, with anti-oxidant or anti-
inflammatory properties, which are suggested to provide 
protection against chronic diseases. They can be isolated 
and purified to make a dietary supplement or added to  
a processed food to increase the amount of nutrients and 
non-nutrient compounds in the diet [1,2].

In turn, dietary supplements are defined as products 
that are consumed together with the regular diet to provide 
additional health-prompting nutrients, which contain dietary 
ingredients including vitamins, minerals, amino acids, herbs, 
and botanicals. Dietary supplements are usually ingested 
in the form of capsules, tablets, liquids or powder form, and 
are labelled as being supplements [3].

In fact, the definition “nutraceutical” is derived from the 
combination of the words “nutrition” and “pharmaceutical” 
and was established by Stephen DeFelice in 1989. Accord-
ing to DeFelice, founder and chairman of the Foundation for 
Innovation in Medicine (FIM), nutraceuticals can be used to 
improve health, delay the ageing process, prevent chronic 
diseases such as obesity, increase life expectancy, or sup-
port the physique or function of the body [4,5].

Currently, nutraceuticals are of great interest due to their 
nutritional potential, safety, and medicinal effects. Although 
nutraceuticals have shown promising results in the treat-
ment of various complications, their uncontrolled use may 
not remain without side effects and therefore they should 
be strictly regulated as prescription drugs [6]. However, 
most nutraceuticals are not pharmaceutical drugs and are 
therefore treated as food [7]. The food sources used as 
nutraceuticals are all natural and can be classified as dietary 
fiber, prebiotics, probiotics, polyunsaturated fatty acids, 
minerals, amino acids and peptides, carotenoids, vitamins, 
phytochemicals, and species [8,9].

The nutraceutical industry, including nutritional supple-
ments and natural, herbal products, is growing rapidly. It has 
been stated that the global nutraceutical market will reach 
$ 340 billion by the end of 2024, growing at a Compound 
Annual Growth Rate (CAGR) of 7.2% from 2016 to 2024 and 
the main market factors related to the significant develop-
ment of this sector are: better healthcare, growing popularity 
for nutrition and increasing demand for nutraceuticals [10].

Employing nutraceuticals or dietary therapeutics as com-
plementary medicines is called nutritional therapy thanks 
to its certain healing mechanisms. The health benefits of 
nutraceuticals are vast, ranging from antioxidant and anti-
inflammatory action to reduce the risk of skin disorders or 
alleviate skin ageing in the case of skin health and beauty, 
to cardiovascular support and anticancer effect [11,12]. 
TABLE 1 provides some examples of nutraceutical com-
pounds in food along with their health benefits.
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To ensure consumer satisfaction, nutraceuticals and 
dietary supplements must satisfy several requirements. 
Long-term storage, stability during processing and after 
time, ease of incorporation, and effectiveness at low con-
centrations are the most common needs. That is why in 
the formulation of many pharmaceuticals, cosmeceuticals, 
and nutraceuticals, one of the most applied technologies 
is encapsulation. The protection of unstable nutraceutical 
compounds from degradation and activity loss has been 
studied extensively during the last few years, especially 
in microcapsule systems. Nevertheless, targeted con-
trolled release can be achieved more efficiently by using 
nanoencapsulation techniques [17]. The amount of bioac-
tive/nutraceutical compound required to exhibit a specific 
effect when encapsulated is much less than the amount of 
unencapsulated compound and this is very useful when 
dealing with expensive nutraceuticals. Reactive or sensitive 
ingredients such as omega-3 acids and antioxidants can 
be protected through encapsulation by nanocarrier systems 
like nanoliposomes [18].

Encapsulation of nutraceuticals 
in nanoliposomes

Generally, liposomes and nanoliposomes possess the 
same physical, structural, and thermodynamic properties 
that are determined by their components and suspension 
media. The phrase nanoliposome has been introduced 
to fully refer to nanoscale lipid vesicles, as liposome is  
a general expression covering many classes of lipid vesicles 
in the size range from tens nanometres to several micro-
metres. In comparison to liposomes, nanoliposomes pro-
vide more surface area and have the potential to increase 
solubility, improve bioavailability, and controlled release 
with precise targeting of the encapsulated ingredient.  

Both, liposomes and nanoliposomes require a contribution of 
energy when it comes to preparation technique, and due to 
the fact that they are dynamic structures with the tendency 
to aggregate, vesicles prepared in nanometric size ranges 
may become micrometric during storage. Nevertheless, 
nanoliposomes should have an acceptable stability profile 
to retain their size in the nanometric range [19]. 

The encapsulation of nutraceuticals in nanoliposomes 
can be achieved principally through two different mecha-
nisms [20]: 
I. passive encapsulation, where the bioactive compound is 
entrapped during the vesicle formation process;
II. active or remote loading, where bioactive compound  
is loaded into intact (preformed) vesicles.

The passive entrapment mechanism relies on the ability 
of nanoliposomes to capture a definite aqueous volume 
during capsule formation. For water-soluble ingredients, 
the encapsulation efficiency (EE) after passive entrap-
ment is proportional to the aqueous volume enclosed by 
the nanoliposomes. On the other hand, it depends on the 
phospholipid concentration, lamellarity, and morphology of 
the vesicles. For less water-soluble ingredients or lipophilic 
compounds, which react with the lipid phase of the bilayer, 
EE will depend more on the phospholipid concentration and 
the type of nanoliposome preparation method [20]. 

In the case of a remote (active) loading mechanism, the 
bioactive ingredient is loaded in the preformed nanolipo-
some with an additional trans-membrane potential as the 
driving force [21]. Various chemical gradients can be used 
as an inflow driving force depending on the physicochemical 
properties of the bioactive ingredient. As an example, am-
monium sulphate [22] and calcium acetate [23] are suitable 
for remote loading of weak bases and acids, respectively, 
while chemically modified β-cyclodextrins can be used as  
a novel remote loading approach to incorporate hydrophobic 
nutraceuticals like curcumin into liposomes [24]. 

TABLE 1. Examples of popular nutraceuticals in foods and their therapeutic benefits [7,11,13-16].

Nutraceutical Food source Health benefits

lycopene carrots, tomatoes cardiovascular support, anticancerogenic

lutein and zeaxanthin parsley, spinach, kale, egg yolk, 
einkorn, corn antioxidant, eye health issues, anticancerogenic

β-Carotene carrots, pepper antioxidant

sulfurophane and other 
glucosinolates

broccoli, cabbage, brussels sprouts, 
and cauliflower anticancer

catechins, theaflavins, 
thearubigins teas (green and black) antioxidant, anticancer

long-chain omega-3 (n-3) 
fatty acids

fatty fish (salmon, mackerel) 
and fish oil, flax seed anti-inflammatory, antiarthritic

lignans flax seed, sesame anti-inflammatory, antioxidant, anticancer

allicin and related sulfur-
containing compounds garlic anti-inflammatory, anticancer, antihyperlipidemic

quercetin, anthocyanins, 
organosulfur compounds onion anticarcinogenic, antibiotic, anti-inflammatory, 

antidiabetic, cardioprotective

Isoflavones and soy protein soybeans anti-atherosclerotic, antihyperlipidemic

conjugated linoleic acid (CLA), 
lactoferrin dairy foods, red meat anti-obesity, anticancer, cardiovascular support

naringin, naringenin, citrus fruits anti-inflammatory, anticancer, hepatoprotective

piperine, zingerone black pepper, ginger hepatoprotective, anticancer,

diadzein, genistein, 
phytoestrogens soybean, flax, lucerne, vegetables bone health or osteoporosis, anticancerogenic, 

reduce menopause symptoms
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Use of nanoliposomes for the targeted 
delivery of nutraceutical molecules

Nanoliposomes have several advantages that determine 
their use as vehicles of bioactive compounds, not only in 
nutraceuticals to improve their textural and organoleptic 
properties but also in the organism, by using the fusion prop-
erties of nanoliposomes to cell membranes. These vehicles 
have previously been used for a long time by food products 
consumed, including maternal milk containing liposomes. 
The difference with the nanoliposomes that require to be 
vectorized in the human body is the need to cross the in-
testinal barrier in order to reach the target cell or tissue [25]. 

Targetability is a very useful feature of liposomes and 
nanoliposomes. Targeting nutraceutical molecules to the 
site where their action is required in vitro or in vivo is neces-
sary to achieve the appropriate concentration of bioactive 
ingredients at the target site for their optimal effectiveness. 
Appropriate and targeted release increases the efficacy 
of the nutraceuticals, expands the scope of their use, and 
ensures optimal dosage, thereby improving the profitability 
of the product. Two types of targeting encapsulated nanoli-
posome from the cell membrane can occur [20]. The first 
is active transport, which involves internalization through 
receptors on the cell surface [26] (e.g., by incorporation of 
antibodies). The second type of transfer is passive and oc-
curs through the fusion of the lipid bilayer of nanoliposomes 
with cell membranes, which mainly involves nanoliposomes 
of smaller sizes [27] (e.g., targeting based on particle size). 

The use of nanoliposomes for targeted active ingredient 
delivery has several advantages over direct conjugation of 
the targeting ligand to the therapeutic agent. The availabil-
ity of functional groups for direct conjugation of the ligand 
to the therapeutic molecule may be limited, making the 
coupling chemistry problematic. In addition to this, when 
directly conjugated therapeutic agents are taken, generally 
only a single active molecule is delivered [28]. Meanwhile, 
multiple nutraceutical molecules can be delivered after inter-
nalization in a single nanoliposome. Undoubtedly, another 
great advantage of using nanoliposomes is the diversity of 
molecules that can be encapsulated. It can be hydrophobic 
molecules in the membrane of nanoliposomes, or hydrophilic 
molecules in the core or on the surface of nanoliposomes. 

Nanoliposomes can be given many functions by incorporat-
ing two types of bioactive molecules. As an example, Suntres 
and Shek proved that two antioxidants of different natures, 
α-tocopherol (hydrophilic) and glutathione (hydrophobic), 
could be integrated into a single liposomal vesicle [29].

Application of nanoliposomes in the 
nutraceutical supplements industry

Based on the successful applications of nanoliposomes 
in the biomedical pharmaceutical industries, researchers 
have begun to use nanoliposomes for the encapsula-
tion and controlled delivery of nutraceuticals [30]. One of 
the main advantages of using this type of vesicles in the 
nutraceutical industries is the fact that they enable the en-
richment of food and beverages with bioactive substances 
(e.g., omega fatty acids from fish) without negatively af-
fecting the sensory characteristics of the original product 
[18]. The nanometric size of nanoliposomes makes them 
transparent which is very useful, for example, for fortifying 
clear drinks with hydrophobic nutraceuticals or those with 
an undesirable taste or odour [31]. Another unique advan-
tage of nanoliposomes is that they can be produced using 
safe ingredients obtained from natural sources such as 
eggs, soy, or milk. Thus, they have the potential to obtain 
regulatory approval to be used in food-grade products [7]. 
Nanoliposome lipids used in nutraceuticals can be derived 
from animal or plant raw materials. 

In the first case, marine fats are especially interesting 
because fatty fish such as salmon, mackerel, herring, tuna, 
and sardine are rich in omega-3 including eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA). Plant sources, 
e.g., flax and chia, are rich sources of precursors to these 
fatty acids, including the essential fatty acids linoleic and 
alpha-linolenic acids, which cannot be synthesized in the 
organism. Omega-3 fatty acids play an important role in  
the functioning of the human body and have been used  
in the prevention of aging-related diseases, such as car-
diovascular and neurodegenerative diseases, including 
Alzheimer’s disease [32,33]. Some of the advantages of 
nanoliposome application in the area of nutraceutical sup-
plements are shown in FIG. 1.

FIG. 1. Advantages of 
nanoliposomes appli-
cation in the area of 
nutraceutical supple-
ments.
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Liposomes and nanoliposomes have attracted huge inter-

est for their application in the nutraceutical industry. They are 
suitable for the encapsulation and delivery of carotenoids, so 
their effects are often studied in the case of these nutraceuticals 
[34,35]. Carotenoids have several potential health benefits, 
such as anti-inflammatory and anticancer effects, and are also 
beneficial in the treatment of age-related muscle degeneration 
and cataracts. However, as a nutraceutical, carotenoids are 
relatively unstable in food matrices and susceptible to light, 
oxygen, and auto-oxidation [36,37]. Tan and co-workers [34] 
successfully encapsulated carotenoids (lutein, β-carotene, 
lycopene, and canthaxanthin) in liposomal structures and in-
vestigated in vitro the interactions between carotenoid structure 
and concentration inside the vesicles and bioaccessibility. The 
greatest bioaccessibility was observed for lutein, followed by 
β-carotene, lycopene, and canthaxanthin. The same authors 
[35] studied the storage stability and in vitro release behaviour 
of carotenoids encapsulated in lipid vesicles in simulated gas-
trointestinal media. They observed that carotenoids exhibited 
different encapsulation efficiencies into the lipid vesicles, which 
were in the order of: lutein > β-carotene > lycopene > canthax-
anthin. A similar trend for their antioxidant activity against lipid 
peroxidation during preparation was also observed. Release 
studies demonstrated that the lipid vesicles strongly retain 
β-carotene and lutein, in contrast to lycopene and canthaxan-
thin, where this effect was not observed [35]. Hamadou et al. 
[38] successfully created β-carotene-loaded nanoliposomes 
using phospholipids from eggs and marine animals as compo-
sitional components. Marine phospholipids were more effective 
for encapsulation than their counterparts. Nanoliposomes 
with a lower average size and polydispersity index, better 
ability to inhibit lipid peroxidation and better stability at 4°C for 
70 days were also obtained from marine phospholipids [38]. 
    Antioxidants are another class of nutraceuticals for which 
liposome encapsulation technology significantly improves 
their nutritional value. In vivo oxidation is different from that 
which affects the lipids in our food products. Reactive oxygen 
species (ROS) are produced by leukocytes and play a role 
in cell signalling and bacterial defence. They are usually me-
tabolized and removed by antioxidant control mechanisms. 
Still, approximately 1% of ROS escape these mechanisms 
and poses a risk of damaging surrounding tissues and accel-
erating cell ageing [39]. Several studies have demonstrated 
the use of antioxidants in the prevention of age-related 
diseases, including Alzheimer [25]. Wenzel et al. [40] have 
shown in their in vitro study the positive effects of antioxidant 
(trans-resveratrol) on oxidative stress when injected in large 
concentrations, but the same assays on animals or humans 
performed in vivo show considerably reduced effects than ex-
pected [40]. This could be caused by the low bioavailability of 
the antioxidant, including difficulty in crossing cell membranes, 
and rapid elimination from the bloodstream without reaching 
the damaged target tissue. For this reason, targeted delivery 
via nanoliposomes is required to reach the desired tissue. 

Nanoliposomes can be used to encapsulate both hydro-
philic and hydrophobic compounds and therefore may be 
suitable for encapsulating antioxidants for targeted effects. 
An example of such an antioxidant is curcumin, known 
for its anti-inflammatory, chemoprotective, and anticancer 
properties and its effects on Alzheimer’s disease. Since 
curcumin is hydrophobic and has very low solubility in aque-
ous solutions, its encapsulation in nanoliposomes has been 
shown to improve the bioavailability of this nutraceutical [41]. 
Another interesting nutraceutical - allicin, was also success-
fully encapsulated in nanoliposomes using the reverse phase 
evaporation process and sonication. Allicin, extracted from 
fresh garlic, has been studied for its effects on lipoprotein 
homeostasis, inflammatory and oxidative stress, and the 
prevention of arteriosclerosis [42].

Nanoliposomes are suitable nanocarriers for improving 
the stability and therapeutic potential of betanin. Betanin is  
a natural bioactive compound with anti-diabetic effects and 
high antioxidant activity. Betanin-loaded nanoliposomes 
revealed a relatively good sustained release profile in the 
simulated gastric and intestinal fluids. In vitro digestion sta-
bility of betanin and its antioxidant activity were significantly 
improved by liposomal encapsulation [43].

In other studies, an example of the bifunctional nanoli-
posomal antioxidant formulation containing ascorbic acid 
(vitamin C) and α-tocopherol (vitamin E) has been presented 
[44,45]. As nanoliposomes are able to incorporate and deliver 
both vitamin E and vitamin C to a site of action, they provide  
a synergistic effect. Since oxidation occurs first at the water/
oil interface, if the nanoliposome is located at this interface, 
the α-tocopherol in the membrane can reduce the peroxy 
radicals before the radicals initiate oxidation. Ascorbic acid 
entrapped in the aqueous regions of the nanoliposome can 
regenerate α-tocopherol [44].

Hydrophilic compounds such as green tea catechins 
were also successfully encapsulated in nanoliposomes [46]. 
Encapsulation efficiency (EE) was over 70%, but the size of 
the vesicles increased significantly upon encapsulation of 
catechins. The formulation was added to milk during low-fat 
hard cheese production and almost no catechin was lost in 
the whey [46].

Liposomal nutraceuticals 
and appropriate claims

The claims regarding health benefits and commercializa-
tion of nanoliposomes may involve both well-being benefits 
and disease prevention. These claims can be attributed to the 
fatty acid composition of nanoliposomes, including omega-3 
fatty acids and other polyunsaturated fatty acids, as well as 
the encapsulated nutraceutical compound [23]. The claims 
may be general in nature, based on known literature or es-
tablished results, or may be based on specific health claims 
made by the company, known as an “exclusive promise”. 
This statement must be substantiated by solid evidence, and 
only the creators have the exclusive right to use this claim. 
It is not obligatory to use any claim, but then other means of 
communication must be used, such as citing research to pro-
mote sustainable nutraceuticals and demonstrate the health 
benefits of prepared omega-3 fatty acid rich nanoliposomes 
from naturally sourced marine by-products [25,47].

Conclusions

The enormous potential of nanoliposome delivery systems 
is rapidly being discovered in nutraceutical industries, and 
especially in light of global health problems, its use for effec-
tive disease prevention and health promotion is necessary 
and unpreventable. The knowledge and experience gained 
in this field illustrate the potential application of these lipid 
nanostructures in nutraceutical approaches, where nanoli-
posomes as natural vesicles can be used and modified to 
improve tissue accessibility to deliver bioactive compounds 
with known health and beauty benefits. There is no doubt that 
diverse uses of nanoliposomes and their applications offer 
new perspectives for encapsulation and nutraceutical delivery. 

Statement

This paper did not receive a specific grant from any fund-
ing agency in the public, commercial, or non-profit sectors. 
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