
Introduction

	 Presently, there has been a rising attention on human wellbeing, 
especially with intercessions through dietary sources. The nutraceuti-
cals and functional foods market shows significant innovation to fulfil 
the consumer demand. In fact, people are looking for some novel and 
safer food ingredients that can not only simply give nutrients but also  
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benefit their health and secure their wellbeing. This has drawn atten-
tion of consumers for food bioactive compounds, nutraceuticals and 
functional foods. Several bioactive compounds are present in various 
foods such as vitamins, pigments, enzymes, flavours, essential fatty 
acids etc. However, these bioactive compounds are sensitive to degra-
dation due to heat, light, oxygen and other stress conditions [1].

	 Since, several bioactive compounds are poorly soluble, mico/na-
noencapsulation enhances the delivery of these poorly soluble bio-
active compounds into functional food components [2]. It improves 
the physical stability & bioactivity of these compounds in final food 
products and during processing. Encapsulations also protect bioactive 
compounds during digestion and enhance their uptake in gastrointes-
tinal tract [3]. Further, encapsulation is used to prevent the reaction 
between bioactive compounds with other deteriorating components 
such as oxygen, light etc. [4,5].

	 Encapsulation is generally consisting of embedding one substance 
into another substance and preparing particles in the scale of nano-
meter, micrometer and millimeter [6]. Encapsulation has several ap-
plications in various sectors and its spontaneous growth has altered 
different areas of food sector such as processing, packaging, storage 
etc. Various techniques are available for the encapsulation of active 
compounds, however none of them can be considered as an all-inclu-
sive material one. Encapsulation supports the delivery of the bioactive 
compounds and can have a controlled discharge at various time inter-
vals. This technique helps to enhance the protection, safety and effec-
tiveness of the compound [3]. In microencapsulation, the product has 
a size ranging between 1 to 1000 μm. However, nanoencapsulation 
should have a size and shape of the material below 1µm (1000 nm). 
The reduced size of the particle to the nanoscale exposed more avail-
able active site on the surface of these delivery systems which provide 
benefits for their absorption within the digestive system of the body 
[4]. Figure 1 shows the factors which influence the encapsulation ef-
ficiency. The selection of encapsulation technique, wall material and 
processing parameters are equally responsible for the encapsulation 
efficiency [7].

	 Milk and dairy products play an important role in human diet since 
ancient times. Milk not only provides basic nutrition to the human 
body but also contains significant source of bioactive components. 
Recently, various studies have been conducted on the incorporation of 
bioactive compounds in milk and dairy products. As a result of this, 
dairy product manufacturer is introducing new products with specific 
nutrients or bioactive components [8]. Although several studies has 
been conducted on the encapsulation of bioactive compounds and its 
applications in milk and milk products with the commercialization 
of products has been made, the knowledge between the industry and 
academic should be exchanged. In the present review article, research 
based on encapsulation of bioactive compounds and its applications 
in milk and dairy products will be discussed. This review will help re-
searchers to study the different bioactive compounds with its potential 
applications in milk and milk products.  
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Abstract
	 Encapsulation of food ingredients is one of the most important 
applications in food industry. The developing interest of consum-
ers towards natural ingredients has resulted in the use of bioactive 
compounds in dairy applications. Encapsulation is an attractive 
technique to enhance the stability of bioactive compounds with con-
trolled release. This review article provides an overview of various 
encapsulation techniques such as spray drying, extrusion method, 
emulsion, spray chilling, coacervation, cocrystallization and different 
encapsulated bioactive compounds which have been used for the 
fortification of dairy products. This review will help to give valuable 
insight that may be useful for commercialization of suitable encapsu-
lated bioactive compounds in dairy industry.
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Encapsulation Techniques 
	 Various encapsulation techniques have been employed for the en-
capsulation of bioactive compounds in dairy products. The main steps 
required for the encapsulation of these bioactive compounds are 1) 
development of wall over the encapsulated compound 2) prevention 
from unwanted leakage and 3) prevention from unwanted material. 
The encapsulation techniques involves spray drying, extrusion meth-
od, emulsion, spray chilling (or spray cooling), coacervation, cocrys-
tallization etc. Table 1 shows the various encapsulation techniques 
used for the bioactive compounds for the applications in milk and 
dairy products.

Spray drying

	 Spray drying is a common encapsulation technique used on a 
large scale in the dairy sector. This technique is utilized to produce 
a high-quality and uniform particle size of less than 40 μm [17]. 
Different encapsulating agents used for spray drying are polysac-
charides (maltodextrins, starches, gums, and corn syrups), lipids 
(monoglycerides, diglycerides, and stearic acid) and proteins (casein, 
gelatin, soy, milk serum) [7]. The mechanism of spray drying includes 
atomization of dissolved polymer in the continuous phase in the dry-
ing chamber. This encloses the core material particles resulting in 
the formation of capsules attained as a free-flowing dry powder. The 
main advantage of spray drying is a simple process which acquires 
uniform and small bead size. The disadvantage of spray drying is its 
high temperature which is unsuitable for the survival of microorgan-
isms in the case of probiotic encapsulation [18]. The solid/oil/water 
emulsions were prepared by suspending spray-dried lactase powder 
in anhydrous milk fat which is added with sodium caseinate and lec-
ithin emulsifier [19]. The prepared emulsion was able to encapsulate 
greater part of the spray-dried lactase powder. The encapsulated lac-
tase was preserved after adding in milk and stayed dispersed while 
storage.  The encapsulated lactase was discharged continuously in 
simulated digestions to hydrolyze lactose in milk. The mentioned 
study proved that the solid/oil/water emulsions are effective to in-
clude lactase in milk.

Extrusion method

	 Extrusion is one of the most common technique used to obtain bio-
active capsules with hydrocolloids. The scale up is more difficult in 
this technique due to the slower formation of beads. The mechanism 
of the extrusion technique includes the preparation of a hydrocolloid 
solution and mixing the desired bioactive ingredient to the solution. 
This mixture is then suspended through an extruder in the form of 
droplets which are allowed to free-fall into a hardening solution or 
setting bath (in case of alginate, the gelling bath is 0.05-1.5 M calci-
um chloride solution). For dripping various devices can be used such 
as pipette, syringe, spraying nozzle, jet cutter or atomizing disk. For 
industrial application Jet cutter is frequently used [20]. After drip-
ping, the beads are immediately entrapped by the polymers leading 
to three-dimensional lattices that cross-links with calcium ions. The 
capsules formed using extrusion technique are large and of uniform 
particle size. The bead size ranges from 2 to 3 mm in diameter which 
is dependent on the distance between syringe and hardening solution, 
polymer type, viscosity, concentration and mainly diameter of the ex-
truder orifice [21]. 

	 Thangaraj et al., [9] used extrusion technique for the encapsulation 
of vitamin C in flavoured milk. In this method, Sodium alginate solu-
tion was prepared and then L-Ascorbic acid was added to the solu-
tion. The prepared solution containing L-Ascorbic acid was dropped 
into calcium chloride solution. Calcium chloride used for harden-
ing the vitamin-C microcapsules. The microcapsules were screened 
and washed with water. In another research encapsulation of L. ca-
sei ATCC 393 cells were made using of extrusion method [15]. The 
diameter of the beads were 597.46 ± 58.66 μm and the viable cells 
count was 7.85 ± 0.10 log cfu g−1. The probiotic capsules produced 
by extrusion method provide more viability to the cells as compared 
to free cells under simulated gastrointestinal circumstances and stor-
age period. Hence, more survival rate of probiotic Lactobacillus casei 
were found in the fermented milk production and during storage, with 
maintenance of the quality characteristics in the final product.  

Emulsion method

	 The mechanism of emulsion technique is highly dependent on the 
accordance with discontinuous and continuous phases. A little portion 
of the aqueous phase containing an emulsifier (i.e., the discontinuous 
phase) is homogenized in a large portion of oil (i.e., the continuous 
phase) to form a water-in-oil emulsion. The water-soluble polymer 
(hydrophilic wall material) must be insolubilized to form minute gel 
particles within the oil phase (hydrophobic core material). The beads 
formed are obtained later by membrane filtration. Any surfactant, 
phospholipid or biopolymer can be used as emulsifiers. The vegeta-
ble oil, soy oil, corn salad oil can be used for the continuous phase 
depends on the type of supporting material used. A surfactant such as 
Sodium Lauryl Sulfate (SLS) can also be used to lower the surface 
tension in the coating matrix to prevent the size of the spheres. The 
emulsion technique is a complex process but harvest smaller beads 
and is easy to scale up [22]. In contrast to the extrusion encapsulation, 
emulsion has advantageous such as simple scale-up, less diameter 
capsules. Whereas, the large size range and shape, more cost of effi-
ciency for the formulation of vegetable oil in emulsion are the major 
disadvantageous [23]. Fortification of dairy products can be done by 
liposome encapsulation technique by practicing oil and water based 
formulations. Vitamin D is effectively transmitted in oil based formu-
lations. The studies proved that the vitamin D3 in emulsion forms was 
more stable than the powder form in cheese fortification [24].

Figure 1: Factors affecting microencapsulation efficiency.
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Spray-chilling/spray-cooling

	 Spray-chilling or spray-cooling is the technique generally used to 
create lipid-coated active agents to commonly encase flavours and al-
lows constant release in wet mediums. The major difference between 
these two methods of spray chilling and spray cooling is the melting 
point of fats. For spray chilling temperature used is in the range of 
34–42°C, whereas, for spray cooling temperature is more [25]. These 
two methods are very similar to spray drying but the variations in the 
temperature of air for drying. Spray chilling method consists of burst-
ing of molten wall material into finer particles through a nozzle into a 
drying chamber with dry ice at the temperature of -50°C. This causes 
a development of droplets coating a film. In case of spray cooling 
encapsulation, a molten crosslink, as the wall matter, attract the core 
materials and are spray cooled [26].

Coacervation

	 Coacervation is a simple and an inexpensive process which re-
quires low temperatures or organic solvents. The coacervation pro-
cess is the dissociation phase of a liquid phase into a polymer-rich 
phase (coacervate) and a polymer-poor phase. It consists of the disso-
ciation phase of one or many hydrocolloids from the initial solution 
and ensuing deposition of the newly-constituted coacervate phase 
around the active element emulsified in the same reaction media [27]. 
Microcapsules produced by coacervation method increases controlled 
ability based on mechanical stress, temperature or sustained release. 
The main drawback of the coacervation method is that it performs  

only within narrow ranges of pH, colloid concentrations and/or elec-
trolyte concentrations [28].

Co-crystallization

	 Co-crystallization involves a mechanism in which active com-
posites are immersed in the solutions containing large concentrations 
of carbohydrates. Crystallization of the carbohydrates starts with the 
decrease in temperature and due to over-saturation. The compound 
to be encapsulated gets entrapped in the crystals as they form [29]. 
Co-crystallization offers a cheap choice and is a flexible technique 
due to its simplicity and better stability. The downside of this ap-
proach is that it provides very low hygroscopic granular products and 
the heat labile core bioactive material may get degraded [30].

Bioactive Compound
Vitamin

	 The main aim of vitamin fortification in dairy products is pri-
marily to attain the special nutritional needs of different ranges of 
populations. This can be achieved by preventing the risk of degra-
dation of vitamins by applying suitable encapsulating methods with 
appropriate coating materials. Ascorbic acid (vitamin C) is an essen-
tial water-soluble micronutrient and has very important functions in 
the human body. The low level of Vitamin C content is found in milk 
and due to its heat lability, the major content of it is lost during heat 
treatment of milk. To achieve the fallibility regarding the instability of 
ascorbic acid during its addition to milk, microencapsulation has been  

Technique of encapsulation Bioactive compound Milk or dairy 
product Particle size Major findings Reference 

Extrusion technique L-ascorbic acid Flavoured milk -

•	 Larger stability up to a month
•	 95% microencapsulation efficiency was achieved using 15:1 

as coating to core material
•	 Retention of 92mg l-ascorbic acid 

 [9]

Liposomes method Vitamin C Buffalo milk 200-1000 nm
•	 Prevent vitamin C losses
•	 Provided some stability to vitamin C
•	 Stability lost above 121°C

 [10]

Phase inversion method Vitamin D3 Milk 31.43-36.66 nm

•	 Ability to encapsulate high amounts of Vitamin D3 into 
nano carriers

•	 Encapsulation efficiency of lipid nano capsules were in the 
range of 93.25-98.81%

 [11]

Micro encapsulation with PGMS 
(polyglycerol monostearate)

ferric ammonium 
sulfate Milk 2-5 µm

•	 Highest efficiency of microencapsulation was 75% with 
5:1:30 ratio (w/w/v) as coating to core materials to distilled 
water

•	 Iron release was 12% when stored at 4 °C for 3 days

 [12]

Micro encapsulation Ferrous sulfate Cheddar cheese 700-1,000 μm
220-422 μm

•	 66% iron recovery for LMFS (large microencapsulated 
ferrous sulfate) and 91.0% iron recovery for SMFS (small 
microencapsulated ferrous sulfate)

•	 SMFS showed better results compared with LMFS for iron 
retention and sensory evaluation

[13]

Microencapsulation Lactobacillus bugari-
cus cells

Frozen dairy 
dessert >30 µm

•	 Encapsulated cells survived freezing better than non-capsu-
lated cells 

•	 90% cells survival was noted by encapsulation technique
•	 Encapsulation had no interference in sensorial characteris-

tics

 [14]

Extrusion method Lactobacillus casei 
ATCC 393 Fermented milk 0.7 mm

•	 Higher viability of encapsulated cells in gastrointestinal 
conditions

•	 Alginate matrix has great potential as coating material of 
probiotics

 [15]

Ultrasonic dispersion method Curcumin Milk 212.3 nm
•	 The milk fat globule membrane (MFGM) liposomesshowed 

higher encapsulation efficiency, smallerparticle size, higher 
absolute value of ζ-potential, andslower in vitro release

[16]

Table 1: Studies using different encapsulation techniques for the encapsulation of bioactive compounds and its application in milk and dairy products.
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proposed as a suitable approach [8,31] proved that fortified milk prod-
ucts can be prepared with microencapsulated ascorbic acid and iron. 
In this study, the wall material used was Medium-Chain Triacylglyc-
erol (MCT) which enclosed ferric ammonium sulfate and L-ascorbic 
acid; the highest efficiency of microencapsulation using 15:1 as coat-
ing to core material was reported to be 95.0%. Similarly, Thangaraj et 
al., [9] developed flavoured milk sample encapsulated with vitamin-C 
by extrusion technique which resulted in a better-quality product and 
attained stability for about a month with the retained quantity of 92 
mg of vitamin-C.

	 Sharma et al., [10] fortified raw, pasteurized and sterilized milk 
samples with encapsulated ascorbic acid as well as non-encapsulated 
ascorbic acid. The mean total Vitamin C content in each milk sam-
ples added with encapsulated ascorbic acid was 366.71, 345.80, and 
210.74 mg/l and that for milk samples added with non-encapsulated 
ascorbic acid was 364.84, 322.37 and 203.21 mg/l respectively. The 
microencapsulation was successful to attain the stability at pasteuri-
zation temperature 63°C for 30 minutes whereas failed to achieve sta-
bility at sterilization temperature of 121°C for 15 minutes. At higher 
temperature, microencapsulation of vitamin C was not effective.

	 In the dairy industry, the milk fat portion is segregated from the 
skim milk portion to produce non-fat products leading to loss of 
fat-soluble vitamins such as A and D [24]. In accordance with the 
latest medical reports available, the maximum population through-
out the universe is prone to vitamin D deficiency [32]. In order to 
overcome these drawbacks, the United States and Canada, declared a 
compulsory fortification of milk with vitamin D [8].

	 In the research study conducted by Leskauskaite et al., [33] proved 
that Vitamin D3 introduced dairy product shown no loss in Vitamin 
D3 during the processing. The main aim of this research was to fortify 
yoghurt and sour cream by vitamin D3 with the help of emulsion. The 
prepared emulsion was stabilized by whey protein and carboxymethyl 
cellulose. The idea behind the preparation of emulsion was to encap-
sulate vitamin D3 inside the dispersed oil phase. This protects the 
encapsulated compound against the degradation during processing, 
storage and during digestion from enzymes and acidity. Hence, the 
preparation of emulsion has significant impact on the protection of 
vitamin D3 degradation. Similarly Kiani et al., [11] worked on the en-
capsulation of vitamin D3 loaded lipid nanocapsules (LNC) by phase 
inversion treatment. Lipid-based nanocarriers are best for the con-
veyance of those compounds [34]. This was evident in this research 
where LNC proved the 90% efficient transportation of vitamin D3 in 
milk by phase inversion method [11]. The cheese was fortified with 
Vitamin D3 which was encapsulated into flaxseed oil emulsion for-
mulations; the cheese was fortified successfully with 91% recovery 
level of Vitamin D3 in presence of lecithin [35].

Mineral

	 The fortification of dairy products with encapsulated mineral salts 
through different encapsulation techniques using various coating ma-
terials was initiated to preserve various physicochemical and organ-
oleptic properties of the food matrix and to develop novel functional 
foods. Since the last 20 years, the focal point for researchers is to 
fortify dairy products with encapsulated minerals such as ferrous, 
calcium, zinc, and iron to prevent the fat oxidation, the off-flavor, 
the off-color, and sedimentation caused due to mineral fortification 
[8]. Controlled release of iron in fortified foods can be effectively  

achieved by microencapsulation. This enhances the bioavailability of 
iron and also prevents the undesirable sensory complications. Gupta 
et al., [36] developed iron microencapsules using four different en-
capsulation methods such as liposome, fatty acid esters, freeze-dry-
ing and emulsification methods for fortification of milk. In this study, 
microcapsules processed using the emulsification method showed the 
highest encapsulation efficiency whereas microcapsules processed 
using the fatty acid esters technique showed the lowest efficiency 
among all the methods. Again, in another study conducted by Abbasi 
et al., [37], similar observation was found for fatty acid esters encap-
sulation method. These researchers proved that this method is more 
effective, economical and feasible for microencapsulation of iron to 
incorporate in pasteurized milk than the liposome method. The en-
capsulation efficiency rate of fatty acid esters was 81% which was 
achieved using a Polyglycerol Monostearate (PGMS) ⁄ iron ratio of 
15:1.

	 The microencapsulation of iron was studied by Kwak et al., [12], 
using Polyglycerol Monostearate (PGMS) as coating material and 
ferric ammonium sulfate as core material. This study showed 75% 
encapsulation efficiency with 5:1:30 ratio (w/w/v) as coating to core 
materials to distilled water. In simulated intestinal fluid, the iron re-
lease elevated to 96% (pH8) from 12% (pH5), after the 60 min incu-
bation. Small microcapsules are preferred in the food matrix to pre-
vent any textural changes such as gritty texture on the surface of milk. 
This was proved in the study of iron-fortified cheese [13]. Cheddar 
cheese was processed with large microencapsulated ferrous sulfate 
(LMFS; 700-1,000 μm in diameter) and small microencapsulated fer-
rous sulfate (SMFS; 220–422 μm in diameter). The estimated result 
was that 91% iron recovery was observed for SMFS and only 66% 
iron recovery was observed for LMFS and also iron content showed 
an elevation from 0.030 mg of Fe/g in control cheddar cheese to 0.134 
mg of Fe/g of cheese in LMFS and 0.174 mg of Fe/g of cheese in 
SMFS. Hence reducing the particle size of the microcapsules help to 
retain the iron content and preserve organoleptic properties. On the 
other hand, in the same study it was revealed that microencapsulation 
of ferrous sulfate failed to obscure the basic sensory attributes of iron.

Probiotic

	 The word probiotic is procured from Greek words which precisely 
means “for life” [38]. The word ‘Probiotic’ is defined by the Food and 
Agriculture Organization (FAO) of the United Nations and the World 
Health Organization (WHO) as “live micro-organisms that when ad-
ministered in adequate amounts confer a health benefit on the host”. 
Maximum probiotics in the food chain are incorporated in fermented 
milks and dairy products; as a matter of fact, dairy products are the 
vital transporter of probiotics available [39]. Survival of probiotic 
organisms in the intestine is most important as they are exposed to 
acid and bile salts for the multiplication in the colon [40]. It is very 
important that the encapsulated probiotic organisms should live and 
pass through the upper digestive tract with enough number of pro-
biotic organisms to impart valuable effect in the intestine. Lactoba-
cillus and Bifidobacterium species are commonly used in fermented 
milks because these species shows better resistance against adverse 
environment such as reduced pH, hydrogen peroxide and molecular 
oxygen [41]. The strict food safety regulations implemented in dif-
ferent parts of the world have made the initiative for clinically based 
confirmation for approval of health claims of probiotics used in dairy 
products. It is difficult to maintain the stability of probiotic strains in  
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a particular dairy product due to bacterial-food component interac-
tions in the food matrix [42]. They have claimed benefits that control 
cholesterol levels, reduce the risk of intestinal infections, and promote 
lactose utilization in lactose intolerant material and anticarcinogenic 
activity [39]. The therapeutic level of probiotics in carrier food is 106-
108 CFU/g which is proved to be the requisite amount that needs to 
be consumed by humans for the beneficial probiotic effect and can be 
achieved by microencapsulation technique [43]. Microencapsulation 
of probiotic cultures in the food matrix has proved to be the best op-
tion to prevent the issues of survivability of probiotics [40]. The en-
capsulating biomaterials used to synthesize the coating membrane for 
probiotic encapsulation are alginate, carrageenan, gelatin, chitosan 
and cellulose acetate phthalate [7].

	 In the research done by Dimitrelloua, et al., [15] to encapsulate 
probiotic Lactobacillus casei ATCC 393 cells in Ca-alginate capsules 
by extrusion technique showed high survival rates during the fer-
mented milk production with no loss in the sensorial characteristics 
in the final product. Alginate matrix showed high potential as a wall 
material for the encapsulation of probiotics. In a similar study, the 
sensorial properties were not affected by the addition of encapsulated 
polyphenolic compounds in alginate- inulin beads in the dairy dessert 
prepared from chokeberry [44]. Microencapsulation enhanced the 
survival of probiotic bacterial culture in the food matrix as well as 
gastrointestinal tract has been proved by Afzaal, et al., [43]. In this 
research, probiotic bacteria were encapsulated with sodium alginate 
and carrageenan. The encapsulated probiotic bacteria and free bacte-
ria were added separately in yogurt. The survival rate of encapsulated 
probiotic bacteria was more than the free cells in in vitro gastrointes-
tinal assay. The total cell counts of probiotic bacteria encapsulated 
with sodium alginate was 9.91 logs CFU/ml and with carrageenan 
was 8.39 log CFU/ml. Encapsulated bacteria showed only 3 log re-
duction in survival rate whereas non encapsulated bacteria showed 7 
log reduction in survival rate. Hence, it was stated that encapsulation 
enhanced the viability of the probiotics in yogurt as well as gastroin-
testinal tract. 

	 Viability of probiotics in ice-cream is challenging during produc-
tion and storage due to the exposure of strains to stress caused by 
the acidity of the products, high osmotic pressure, freeze injury, and 
exposure to air [39]. This problem of probiotic stability was overcome 
by micro entrapment of Lactobacillus bulgaricus cells in calcium al-
ginate beads which showed 90% survival of cells in the frozen dessert 
and also the entrapment effectiveness was enhanced by the addition 
of 6% glycerol [14]. Similarly, Bifidobacteria cells are sensitive to 
high acidity and hence its incorporation in yogurt is difficult. In the 
research done this issue was proved to be solved by encapsulating 
the Bifidobacterial cells in the carrageenan coating material which 
showed no loss in viable cells for about a month when stored at 4°C. 
However, non-encapsulated cells showed a reduction of 78 and70.5% 
in the cell population of Bifidobacterium longum B6 and B. longum 
ATCC 15708, respectively [45].

Enzyme

	 The microencapsulation technique has been an efficient technique 
to preserve and improve the nutritional and sensorial properties of 
foods by protecting the active compound. A most advanced micro-
encapsulation technique is implemented in the dairy industry by 
the use of enzymes that are enclosed with their substrates for quick 

flavour production in dairy products [46]. The cheese quality is affect-
ed by the direct addition of enzymes in milk during cheese production 
which leads to a reduction of enzyme volume in whey. This problem 
of enzyme loss in whey can be improved by encapsulating enzymes in 
liposomes. Liposomes retained by the curd accelerate cheese ripening 
process. The reason for accelerated ripening in cheese is due to the 
breakdown of liposomes and release of encapsulated enzymes after 
removal of whey [47]. Similarly, Anjani et al., [48] studied the micro-
encapsulation of enzymes for cheese ripening. These authors found 
that the flavour retention and even distribution of enzyme was en-
hanced by encapsulating flavourzyme in alginate or polylysine poly-
mers followed by gelling in 0.1 M CaCl2. This helped in the achieve-
ment of 70% encapsulation efficiency. Gelling time was optimized for 
10 minutes for hardening and to prevent the leakage of the encapsulat-
ed enzymes. In another study conducted by Kailasapathy et al., [49], 
flavourzyme enzyme was encapsulated in gellan, k-carrageenan and 
a High-Melting-Fat-Fraction of milk fat (HMFF) to reveal the impact 
of accelerated cheddar cheese ripening. In this study, it was reported 
that the k-carrageenan capsules showed a higher percentage rate of 
proteolysis of 56% in cheese as compared to gellan and HMFF which 
showed 48% and 39% proteolysis rate respectively.

	 In western countries, a wide area of the population contains an 
inadequate amount of lactase enzyme which breaks down lactose into 
glucose and galactose in their Gastrointestinal Tract (GI). After con-
sumption of milk, lactase deficient people have to face many clini-
cal symptoms like abdominal pain, watery diarrhoea, bloating, and 
cramping; hence the person facing these symptoms due to lack of 
lactase enzyme in the GI tract is called as ‘lactose intolerant’ patient. 
To overcome this problem lactase immobilization method was imple-
mented but unfortunately it failed due to elevation in the sweetness 
of milk due to lactose hydrolysis in milk [50]. Lactose-free products 
may also have a loss in nutritional and sensorial properties of milk. 
Hence to eliminate these problems, microencapsulation has proved 
to be the most suitable technique. This is evident in the study per-
formed by Zhong [51] where lactase was encapsulated in the form 
of zein-lactase into low-methoxyl sugar beet pectin cross-linked by 
Ca2+ including electrostatic, hydrophobic, hydrogen-bonding forces. 
The method was proved to be effective after 3 weeks of milk storage 
at 4°C which resulted in 33.1 and 40.0% lactose hydrolysis in whole 
and skim milk respectively, by 50 units/mL encapsulated lactase. The 
enzyme must be released slowly in the GI tract for digestion rather 
than during the storage of milk. This objective was achieved by Yun 
et al., [19] by encapsulating lactase by solid/oil/water emulsions as 
delivery systems which results in 75% encapsulation efficiency. This 
encapsulated lactase was delivered constantly while simulated diges-
tions to hydrolyze lactose in milk better than free lactase. 

Antioxidants and phenolic compounds 

	 The demand and attention of consumers worldwide are increas-
ing towards the healthier and functional foods that require novel 
technologies for introducing health benefit ingredients into the food 
matrix. These nutritional ingredients may degrade due to process-
ing conditions and oxidation reactions. These bioactive compounds 
may also react with other food components in the food matrix which 
may degrade the food quality. Hence, encapsulation of antioxidant 
has potential to preserve and conserve the antioxidant compound. 
The fortification of low-fat cheese was done by Rashidinejad et al., 
[52] by incorporating catechin and epigallocatechin gallate (EGCG)  
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which was nanoencapsulated in soy lecithin liposomes. This incorpo-
ration elevated total phenolic content in the cheese. However, no loss 
of polyphenols in whey was reported due to the nanoencapsulation 
technique which indicated the maximum retention in the cheese ma-
trix with slow-release in GI conditions. In another study performed by 
Zabodalova et al., [53], milk drink was fortified with Liposomal be-
ta-carotene obtained by dehydration/rehydration method. The study 
resulted that liposomal beta-carotene can be used for formulating 
functional dairy products as it maintained stability during storage at 4 
± 2ºС within 15days.

	 The curcumin is a natural phenolic compound has a strong antiox-
idant, anti-carcinogenic and anti-inflammatory properties. Due to its 
low solubility of curcumin in water, the milk matrix plays a suitable 
medium for the encapsulation of curcumin as milk contains casein 
micelle which is amphiphilic. This property of the curcumin is im-
plemented in the research study performed by Landim Neves et al., 
[54] which proved the efficiency of skim milk for encapsulation of 
curcumin. The encapsulation of curcumin was by pilot scale spray 
dryer. As stability of curcumin antioxidant activity was achieved 
by encapsulation, the encapsulation confirmed to be the appropriate 
method for the protection of antioxidant. Jin et al., [16] compared the 
stability of the 2 curcumin liposomes prepared with milk fat globule 
membrane (MFGM) phospholipids and soybean lecithins. The reten-
tion rate of encapsulated liposomal curcumin was greater than free 
curcumin. The stability of both the liposomal curcumin was equal 
for different pH conditions. However, MFGM phospholipids showed 
more stability than soybean lecithins under conditions of temperature, 
oxygen, and relative humidity. 74% encapsulation efficiency was 
achieved for curcumin enclosed in liposomes prepared with MFGM 
phospholipids. The MFGM liposomes also showed an average parti-
cle size of 212.3 nm, higher absolute value of ζ-potential of −48.60 
mV, and slower in vitro release.

Omega 

	 Healthy foods enriched with bioactive are been proving to be con-
sumers need to prevent health diseases. Omega-3 fatty acids are un-
saturated fatty acids that are important in the human diet in the form 
of Alpha-Linolenic Acid (ALA), Eicosapentaenoic Acid (EPA) and 
Docosahexaenoic Acids (DHA) have potential to develop health and 
prevent diseases. The human body is unable to synthesize EPA and 
DHA directly so they are produced by metabolic reactions of ALA 
through food and hence there is an extreme need for enriching foods 
with omega-3 fatty acids [55]. The omega 3 fatty acids are prone to 
oxidation hence can degrade the nutritional and sensorial quality of 
food. The addition of encapsulated omega-3 fatty acids can overcome 
these problems. In one of the experimentations done by Stratulat, et 
al. [35] on cheddar cheese, flaxseed oil was used in the form of emul-
sion to encapsulate vitamin D3. In this study, calcium caseinate was 
used to stabilize the emulsion. Improved stability was observed by the 
addition of calcium caseinate and showed more resistant against lipid 
oxidation. In another research, Augustin et al., [56] used buttermilk as 
an encapsulant for the formation of omega-3 oil emulsion and pow-
der. Alone whole buttermilk or with combination in glucose syrup en-
hanced the oxidative stability of both emulsions and powders.  Whole 
buttermilk powder was also proved to be a potential encapsulant for 
the delivery of omega-3 fatty acids as compared to high heat skim 
milk buttermilk powder.

Conclusions and Future Perspectives
	 Encapsulation of bioactive compounds and its incorporation in 
dairy products such as milk, cheese, yogurt, ice cream etc provides 
distinct advantageous since it improves the stability and protect the 
bioactive compounds. Comparatively less literature has been avail-
able on the encapsulation of bioactive compounds and on its appli-
cation in dairy. Further studies are required on the different types of 
bioactive compounds and its applications in encapsulation for dairy 
products. Based on this review article, it is necessary to bring re-
searchers from various streams such as food technology, engineering, 
nanotechnology and biotechnology to establish an encouraging future 
for the use of encapsulated bioactive compounds in dairy products.
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