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Abstract – The formulation of food products with health 
promoting compounds has recently gained conside
attention due to increasing incidence of diseases associated 
with oxidative stress. Green tea polyphenols exhibit 
invaluable properties such as antioxidant activity
and anti- mutagenic and antibacterial activiti
polyphenols-proteins nanocomplexes are among 
promising delivery systems for bioactive compounds, 
ingredients and nutraceuticals. However, t
green tea polyphenols-proteins nanocomplexes may affect 
both protein technological properties and polyphenols 
biological activity. Little is known about the current 
knowledge of green tea polyphenols-proteins nanocomplexes 
and their properties and applications in food industry and 
health care. Therefore there is a need of enough knowledge to 
understand their properties and how these systems can be 
used to create novel products. Therefore, in the present 
paper, an attempt is made to review green tea polyphenols
proteins   nanocomplexes, their foaming behavior, 
nanoemulsions, rheological characterization
stability as well as their applications. 
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I. I NTRODUCTION
 

Green tea is rich in polyphenols including
mainlyphenolic acids and  flavonoids 
several other bioactive compounds and antioxidants for 
human health[2]. Green tea polyphenols
physiological effects combined with 
anticarcinogenic [3-5], hypolipidaemic
antitumerogenic [7], anti-inflammatory
cholesterolemic, antibiotic and antiviral effects
Polyphenols decrease levels of markers for cardiovascular 
diseases [10,11] and have anti-obesity and 
properties [12]. However, the poor water solubility
poor bioavailability of polyphenols 
instability under food/pharmaceutical produc
(temperature, light, pH) or during storage (light, oxygen) 
limit the beneficial properties and potential health benefits 
of these compounds in functional food or pharmaceutical 
products [14,15]. Maintain  stability of oxidation
bioactive molecules and drugs  for increasing
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The formulation of food products with health 
has recently gained considerable 

incidence of diseases associated 
Green tea polyphenols exhibit 

antioxidant activity , antitumor 
and antibacterial activities. Green tea 

are among the most 
bioactive compounds, food 
However, the formation of 
nanocomplexes may affect 

both protein technological properties and polyphenols 
about the current 

proteins nanocomplexes 
and their properties and applications in food industry and 
health care. Therefore there is a need of enough knowledge to 
understand their properties and how these systems can be 
used to create novel products. Therefore, in the present 

reen tea polyphenols-
eir foaming behavior, 

rheological characterization and oxidative 
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NTRODUCTION  

ch in polyphenols including 
 [1] and  contain 

compounds and antioxidants for 
Green tea polyphenols possess many 

iological effects combined with antimutagenic, 
hypolipidaemic [6], 

inflammatory [8], anti-hyper-
, antibiotic and antiviral effects [9]. 

levels of markers for cardiovascular 
obesity and antidiabetic 

poor water solubility and 
of polyphenols [13] and their  

food/pharmaceutical products processing 
g storage (light, oxygen) 

limit the beneficial properties and potential health benefits 
of these compounds in functional food or pharmaceutical 

oxidation-sensitive 
for increasing their 

bioavailability and bio-functions
have been studied as  the hydrophilic emulsifiers 
external aqueous phase of W/O/W double emulsions
Gelatin  has  been used for encapsulation  of  polyphenols 
due to its biodegradability and electrical properties
for controlled release of active
In addition, the use of whey proteins as functional 
ingredients in food industry is increasing because of their 
role in human nutrition , health and  
and caseinomacropeptide (CMP) as
[21]. Therefore, effective oral delivery of
catechins via encapsulation in nanometric size carriers, 
such as oil in water (O/W) nanoemulsions to 
bioavailability and their efficacy
particles may also improve the transdermal transport of 
emulsions for applications in topical drug delivery as well 
as stabilization of foam and emulsion systems 
prevention of  lipid oxidation in food grade emulsions
Moreover, phenolic compounds 
biomolecules (such as DNA, lipids and proteins) 
oxidative damage induced by reactive o
(ROS) and their addition to food alters its
rheological properties [24-26]. 
green tea polyphenols complexes may affect both protein 
technological properties and polyphenols biological 
activity [26] but their complexes
nutritional benefits [24]. Therefore, complex formation 
between tea polyphenols and proteins improves the 
stability of these molecules  as the research on  binding of 
green tea catechins  with casein micelles reported  milk 
proteins as an ideal delivery system of these bioactive 
molecules [27]. They are needed in formulation of foods
beverages, drugs and their delivery 
many other applications. This review 
polyphenols –protein nanocomplexes, their 
behavior, green tea nanoemulsions
characterization. Their oxidation stability in various 
systems and applications are 
provides an outlook for future work to improve our 
understanding of their properties and how these systems 
can be used to create novel products.
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controlled release of active food ingredients [19, 20]. 
use of whey proteins as functional 

is increasing because of their 
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Therefore, effective oral delivery of green tea  

catechins via encapsulation in nanometric size carriers, 
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bioavailability and their efficacy [22]. Those bio-derived 
particles may also improve the transdermal transport of 
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lipid oxidation in food grade emulsions[23]. 
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green tea catechins  with casein micelles reported  milk 
proteins as an ideal delivery system of these bioactive 
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II. G REEN TEA POLYPHENOLS

NANOCOMPLEXES
 

The formation of protein–polyphenol complexes is 
deeply influenced by the nature of the protein  , the nature 
of the polyphenol (i.e. number of aromatic rings), 
temperature and presence of other components (i.e. 
carbohydrates) that can affect the interaction
tea polyphenols contain mainly phenolic
flavonoids (Figure 1), flavonoids themselves contain 
flavan-3-ols and galloylated catechins that are powerful 
antioxidants and free iron scavengers [4]
the major constituent of tea flavonoids which consist of 
epigallocatechin gallate  (EGCG), epigallocatechin (EGC), 
epicatechin gallate (ECG), epicatechin (EC), and their 
epimerization isomers gallocatechin gallate (GCG), 

Fig. 1.Classifications and chemic

Table 1. Some properties of proteins used in green tea polyphenols 
Protein 

β-lactoglobulin (β-lg)     
 
 
Caseinomacropeptide (CMP) 
 
 
α-lactalbumin(α-La) 
 Human serum albumin (HSA) 
 

Emulsifier
Carrier of 
denatured, rapidly aggregate to 
form gels
Great foaming capacity superior to 
β-
pH
aggregation(maximum at about pH 
4.6 and slow for pH 5.5)
 Heat
H
polyphenols

 
Polyphenols localization and concentration i

regions of a multiphase system will depend on their 
polarity, solubility and affinity for structural 
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polyphenol complexes is 
deeply influenced by the nature of the protein  , the nature 
of the polyphenol (i.e. number of aromatic rings), 
temperature and presence of other components (i.e. 
carbohydrates) that can affect the interaction [26]. Green 

phenolicacids and 
), flavonoids themselves contain 

ols and galloylated catechins that are powerful 
[4].  Catechins are 

the major constituent of tea flavonoids which consist of 
(EGCG), epigallocatechin (EGC), 

epicatechin gallate (ECG), epicatechin (EC), and their 
epimerization isomers gallocatechin gallate (GCG), 

gallocatechin (GC), catechin gallate (CG), and catechin 
(C) [28].Flavan-3-ols have a generic 
presence of a galloyl moiety or an additional hydroxy 
substitution on the B-ring determines the exact compound 
[29]. The ability of polyphenols to associate with proteins 
involves hydrophobic interactions and hydrogen bridging 
[27] which adversely affect the antioxidant activities of 
polyphenols [25]. Circular dichroism spectropolarimet
(CD) spectral studies showed alterations in the secondary 
structure of collagenase on treatment with higher 
concentration of catechin and EGCG 
non-covalent protein–polyphenol interactions can lead to 
the formation of aggregates that precipitate from the 
reaction mixture   and  polyphenols might bind to proteins 
[31] forming complexes (Table 1)
 

Classifications and chemical structures of green tea polyphenol
 

Table 1. Some properties of proteins used in green tea polyphenols –proteins nanocomplexes
Function   and properties References

Emulsifier 
Carrier of polyphenols, heat 
denatured, rapidly aggregate to 
form gels 
Great foaming capacity superior to 
-lg, but minor foam stability 

pH-dependent 
aggregation(maximum at about pH 
4.6 and slow for pH 5.5) 
Heat-stable protein  
High binding capacity for  
polyphenols  like EGCG          

[32]
[33]

[34]

[35, 36]
[37]
[38]

Polyphenols localization and concentration in different 
regions of a multiphase system will depend on their 
polarity, solubility and affinity for structural 

constituents[32]. The changes in pH, temperature, 
ionic strength may affect activity and solubility of these 
materials in water [23].Particle size and charge of protein
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polyphenol complexes depend on protein nature and pH,
the bigger complexes were observed at pH 4.5 for 
at pH 3 for casein protein CMP[26]. EGCG bind well to 
proteins with a high number of charges (positive and 
negative). The positive net charge of lactoferrin promotes 
better its binding to protein due to due to 
interactions [38].  However, plant proteins are normally 
considered inferior to animal proteins (e.g. gelatin, egg 
white and whey protein) in terms of gelling properties
[39]. Polymerized polyphenols which form a coat around a 
protein by a surface adsorption mechanism lead 
protein insolubility, this loss in protein solubility and 
decrease in protein pattern are associated
covalent-crosslinking between phenol and protein
molecules [25,38]. The fabrication of protein nanoparticles 
and micro particles rely on the ability of proteins to form 
gels [40, 41].The formation of pr
complexes promotes the gelation of both β
indicated by shorter Tgel and lower Tgel values
denaturation of β-lg and proteins aggregation change 
viscoelastic characteristics of β-lg gels 
acid residues contribute in polyphenol
complexation with extended H-bonding network
excess of either proteins or polyphenols will reduce 
size of the complex and avoid precipitation
flavan-3-ol interaction has ability to modulate biological 
activity [31], polyphenol– beta lacto globulin (BLG) 
systems were stable at pH values of the gastrointestinal 
tract , bio accessibility and bioavailability of flavan
have been revealed [43]. The structures of catechins affect 
the affinities of tea catechins for casein micelles in the 
green tea polyphenols–milk system[28]
studies  reported  that the binding of green tea catechins to 
milk proteins increased as the number of OH group 
increased with this order of increasing affinity 
C ~ EC < EGC < EGCG in the case of 
[44], whereas for β-lactoglobulin in the order of 
C ~ EC < ECG < EGCG [31, 42].Previous researches 
reported that polyphenol–protein interactions involve 
mainly hydrophobic bonding between galloyl rings of 
polyphenol molecules and proline
dominated by cover of the polyphenolic rings against 
hydrophobic surfaces which are reinforced
bonding [26, 43, 44]. Larger polyphenols 
number of aromatic rings and hydroxyl groups are more 
efficient to form complexes with the proline
[31, 42, 44]. The initial binding of polyphenols 
proteins is a non-selective hydrophobically
interaction, surface charge effects decide the insolubility 
of the complex formed , control the degree of aggregation 
and  the size of particles formed[26]. It has been
that serum albumins bind best to the first group of 
polyphenols (Phlorentin, Hesperetin and
to the second group (procyanidin B2) and 
fourth group which are all other polyphenols
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on protein nature and pH,  
the bigger complexes were observed at pH 4.5 for β-lg and 

EGCG bind well to 
proteins with a high number of charges (positive and 

positive net charge of lactoferrin promotes 
due to stronger ionic 

lant proteins are normally 
considered inferior to animal proteins (e.g. gelatin, egg 
white and whey protein) in terms of gelling properties 

lyphenols which form a coat around a 
protein by a surface adsorption mechanism lead to the 

in protein solubility and 
are associated the formation of 

crosslinking between phenol and protein 
he fabrication of protein nanoparticles 

ability of proteins to form 
The formation of protein–polyphenol 
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gel and lower Tgel values,  

lg and proteins aggregation change the 
 [26]. Many amino 
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ailability of flavan-3-ols 

. The structures of catechins affect 
the affinities of tea catechins for casein micelles in the 

[28]. Moreover, the 
green tea catechins to 

as the number of OH group 
order of increasing affinity 

EGCG in the case of α- and β-casein 
lactoglobulin in the order of 

.Previous researches 
protein interactions involve 

mainly hydrophobic bonding between galloyl rings of 
les and proline-rich peptides, 

dominated by cover of the polyphenolic rings against 
reinforced by hydrogen 

Larger polyphenols with a higher 
number of aromatic rings and hydroxyl groups are more 
efficient to form complexes with the proline-rich peptides 

he initial binding of polyphenols to whey 
hydrophobically driven 

decide the insolubility 
the degree of aggregation 

It has been shown 
that serum albumins bind best to the first group of 
polyphenols (Phlorentin, Hesperetin and EGCG), caseins 
to the second group (procyanidin B2) and lactoferrin to the 

er polyphenols [38]. 

III. F OAMING BEHAVIOR 

POLYPHENOL -PROTEIN 
 

A foam is a gas-in-liquid dispersion, the dispersed and 
continuous phases in foams and emulsions are immiscible
[23]. Foam formation is controlled by the adsorption of the 
foaming agent at the air–water interface and its ability to 
rapidly  decrease surface tension , m
macromolecules exert surface a
liquid–liquid interfaces [23]. The interfacial interactions 
between proteins and polyphenols  may inhibit foam 
column falling [21]. Hydroxyl groups in phenolic 
compounds are able to interact with proteins, thus 
modifying the structure and function of proteins 
They also alter the colloidal stability of the system and  
gelation properties [26]. Caseinomacropeptide (
possess a great foaming capacity, superior to 
minor foam stability[21].The formation of 
polyphenols nano-complexes 
production of a viscoelastic film with good
properties due to polyphenols stacked to the hydrophobic 
side chains of the aminoacids 
consumers prefer food foamed products with 
and soft mouth sensations triggered by the small gas 
bubbles [21]. The addition of 3% of 
concentrated extract and freeze d
hardness of milk chocolate [45]
0.4% w/w of instant green tea
foam expansion and stability of egg albumen 
Recently, many studies have focused on
partially hydrophobic particles for the stabilization of 
foams and emulsions due to their ability to 
at the air–liquid and liquid–liquid
coarsening, as well as to slow down drainage and 
syneresis by structuring in the continuous phase
However, foam stabilization requires different surface 
properties such as the formation of a cohesive viscoelastic 
film via intermolecular interactions
molecules prevent  phase separation and reduce the energy 
of the air–liquid or liquid–liquid interfaces in these 
systems [23]. The intra and intermolecular hydrophobic
interactions between proteins 
film which would be restricted by the binding of 
polyphenols [32]. Furthermore, the binding of catechins to 
caseins reduces their sensation of astringency in the mouth
[27]. 

 
IV. GREEN TEA P

NANOEMULSIONS P
RHEOLOGICAL CHARACTERIZATION

 
An emulsion is a liquid

dispersed and continuous phases in   emulsions are 
immiscible [23]. A nanosized e
emulsion composed of surfactant and oil suspended in 
water with a particle diameter typically less than 500 nm
[22]. Nanoemulsions increased bioavailability upon 
ingestion due to increased solubility at lesser particle size 
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liquid dispersion, the dispersed and 
continuous phases in foams and emulsions are immiscible 

Foam formation is controlled by the adsorption of the 
water interface and its ability to 

rapidly  decrease surface tension , many bio 
macromolecules exert surface activity at air–liquid and 

The interfacial interactions 
between proteins and polyphenols  may inhibit foam 

Hydroxyl groups in phenolic 
compounds are able to interact with proteins, thus 
modifying the structure and function of proteins [25]. 

alter the colloidal stability of the system and  
aseinomacropeptide (CMP) 

a great foaming capacity, superior to β-lg, but 
The formation of β-lg-
 would not participate in 

a viscoelastic film with good rheological 
polyphenols stacked to the hydrophobic 

acids [32]. Recently, most 
consumers prefer food foamed products with the creamy 

mouth sensations triggered by the small gas 
The addition of 3% of polyphenol 

concentrated extract and freeze dried extract decreased the 
[45]. It was reported that 0.25–

0.4% w/w of instant green tea has succeeded to improve 
foam expansion and stability of egg albumen proteins [46]. 

many studies have focused on the use of 
partially hydrophobic particles for the stabilization of 
foams and emulsions due to their ability to adsorb strongly 

liquid interfaces to  limit 
s well as to slow down drainage and 

syneresis by structuring in the continuous phase [23]. 
However, foam stabilization requires different surface 
properties such as the formation of a cohesive viscoelastic 

ractions [21]. The amphiphilic 
prevent  phase separation and reduce the energy 

liquid interfaces in these 
The intra and intermolecular hydrophobic 

interactions between proteins needed to form an elastic 
would be restricted by the binding of 

Furthermore, the binding of catechins to 
caseins reduces their sensation of astringency in the mouth 
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s a liquid-in-liquid dispersion, the 
dispersed and continuous phases in   emulsions are 

A nanosized emulsion is  a stable 
composed of surfactant and oil suspended in 

water with a particle diameter typically less than 500 nm 
increased bioavailability upon 

ingestion due to increased solubility at lesser particle size 
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[7].  Storage temperature, pH and ionic strength greatly 
influence the physical and chemical stability of 
nanoemulsions [19]. It has been found that the pre
polyphenols accelerate the gelation of both 
(β-lg)  and caseinomacropeptide (CMP) 
the viscoelasticity of β-lg  gels more 
caseinomacropeptide gels [26]. Nanoemulsions preserve 
the properties of bioactive compounds in near natural form 
when subjected to different storage conditions
Nanoemulsions can be formulated with proteins and 
polysaccharides showing minimal impact on organoleptic 
properties of food [7]. Green tea polyphenols are applied
in nano-emulsions in the food industry
antioxidant properties [47]. Total polyphenol content, 
flavonoid content and antioxidant activity of catechins 
nanoemulsions were compared with unencapsulated 
extracts to confirm the presence of catechins in their active 
forms[7]. The concentration of catechin in
extract (GTE) and nano green tea extract (NGTE) groups
indicated that the nanoemulsion successfully captured the 
major active compounds during the emul
whereas phenolic compounds and total flavonoid content 
were lower in NGTE than the levels in GTE
rheological properties of nanoemulsion showed the 
Newtonian behavior of formulations similar to milk
polyphenol content and flavonoid content are confirmed
active species encapsulated into the sunflower oil (SFO) 
and peanut oil(PO) based emulsions [7]
motion of the particles produces a three
isotropic and random distribution and as the shear rate 
increases, the particles become more ordered along the 
stream lines and form layers that offer less resistance to 
the fluid flow and therefore produce a decrease in 
viscosity[48].Hydroxyl groups in phenolic compounds are 
capable to interact with proteins, thus modifying the 
structure and function of proteins [25]
colloidal stability of the system as well as other functional 
properties like gelation [26]. Nanoscale emulsification 
may change the composition of green tea extract, which 
could influence its antioxidant activity and related lipid 
metabolism [22]. 

 
V. OXIDATION STABILITY

 
Green tea polyphenols have been used as food additives 

to improve the antioxidant properties and shelf
foods[13]. Selection of a stable W/O primary emulsion can 
increase the stability of W/O/W multiple emulsions
was reported that at high temperature (37
there was a change in terms of pH, conductivity and 
refractive index that could lead to a decrease i
the emulsions[10]. In addition , ROS and lipid oxidation of 
oils not only deteriorate food safety but also causing 
unpleasant  odors, off flavors and discoloration, but also 
decreases the nutritional quality and  adversely affect 
human health [49]. It has been found that f
composition, pH and ionic composition, type and 
concentration of antioxidants and prooxidants, emulsion 
droplet and interfacial properties, lipid droplet 
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and ionic strength greatly 
influence the physical and chemical stability of 

It has been found that the presence of 
the gelation of both β-lactoglobulin 

lg)  and caseinomacropeptide (CMP) and mainly affect 
lg  gels more than 

Nanoemulsions preserve 
compounds in near natural form 

when subjected to different storage conditions[7]. 
Nanoemulsions can be formulated with proteins and 

mpact on organoleptic 
polyphenols are applied 

emulsions in the food industry due to increased 
Total polyphenol content, 

flavonoid content and antioxidant activity of catechins 
nanoemulsions were compared with unencapsulated 

atechins in their active 
The concentration of catechin in green tea 

nano green tea extract (NGTE) groups 
successfully captured the 

major active compounds during the emulsification process 
phenolic compounds and total flavonoid content 

were lower in NGTE than the levels in GTE [22]. The 
rheological properties of nanoemulsion showed the 

of formulations similar to milk, 
vonoid content are confirmed as 

ed into the sunflower oil (SFO) 
[7]. The Brownian 

motion of the particles produces a three-dimensional 
ution and as the shear rate 

increases, the particles become more ordered along the 
stream lines and form layers that offer less resistance to 

produce a decrease in 
Hydroxyl groups in phenolic compounds are 

capable to interact with proteins, thus modifying the 
[25] and alter the 

colloidal stability of the system as well as other functional 
Nanoscale emulsification 

may change the composition of green tea extract, which 
could influence its antioxidant activity and related lipid 

TABILITY  

Green tea polyphenols have been used as food additives 
to improve the antioxidant properties and shelf-life of 

. Selection of a stable W/O primary emulsion can 
increase the stability of W/O/W multiple emulsions [47]. It 

igh temperature (37 °C) storage, 
there was a change in terms of pH, conductivity and 
refractive index that could lead to a decrease in stability of 

addition , ROS and lipid oxidation of 
oils not only deteriorate food safety but also causing 
unpleasant  odors, off flavors and discoloration, but also 
decreases the nutritional quality and  adversely affect 

found that fatty acid 
composition, pH and ionic composition, type and 
concentration of antioxidants and prooxidants, emulsion 
droplet and interfacial properties, lipid droplet 

characteristics, concentration and physical state influence 
the physical and oxidative stability of emulsions 
Green tea polyphenols have enhanced 
stability of liver fish oil [32]
structure, polyphenols have powerful antioxidant activities 
being able to scavenge a wide range of ROS such as 
hydroxyl radicals and superoxide radicals
encapsulated extracts possess a significant amount of 
antioxidant activities for maintaining the lag phase in 
oxidation of nanoemulsions [7, 13]
stable nanocomplexes between β
found at pH of 6.0[26]. The extract catechins from green 
tea leaves with improved EGCG yield were used in 
preparation of water-in-oil (W/O) green tea nanoemulsions 
with soy, peanut, sunflower, and corn oils, where the green 
tea/peanut oil emulsion displayed the highest oxidative 
stability[48]. The complexation of tea polyphenols with 
milk proteins can change the antioxidant activity of tea 
compounds and the protein secondary structure
EGCG-loaded GA-g-CS-caseinophosphopeptide (
nanoparticles (84–90% for encapsulation efficiency) 
showed improved delivery property, controlling release of 
EGCG under simulated gastrointestinal environments, 
preventing its degradation under neutral and alkaline 
environments, and amplifying its anticancer activity 
against Caco-2 cells which indicated 
with antioxidant activity could stabilize 
alkaline environments [16]. Moreover, the specific surface 
area of the nanoemulsions was very high and with an 
average value of about 40 m2/mL
method to increase the oxidative stability of emulsion 
systems is probably the use of antioxidants
EGCG release profiles showed a delayed release of the 
encapsulated antioxidant in aqueous soluti
EGCG in PBS lost a 30% of their antioxidant activity 
being completely degraded in 100 h
encapsulated EGCG retained its whole antioxidant activity 
within this time period [18]. Encapsulation efficiency of 
the EGCG-loaded capsules of  96% ± 3% has been found ,
gelatin capsules were capable of stabilizing EGCG against 
degradation in aqueous solution (pH ¼ 7.4) and 
antioxidant activity was better preserved in this media 
when encapsulated than in its free form
activities of protein and polyphenols
scavenging activity of the complexes
to protein ratios increased first order degradation rates, 
consequently decreasing formation of oxidation products
[29]. In addition, the antioxidant activities of tea 
polyphenols-protein conjugates enhanced
of the protein content [49]. Another research showed that 
the β-lg conformation was altered in the presence of 
polyphenols with an increase in 
suggesting protein structural stabilization.
the mechanism by which the antioxidant activity of tea 
compounds is affected by the addition of milk
studies have shown that if the quantity of polyphenol 
binding sites on proteins is roughly equivalent to the 
concentration of polyphenols, large complexe
resulting in precipitation and loss of stability
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characteristics, concentration and physical state influence 
idative stability of emulsions [50]. 

Green tea polyphenols have enhanced the oxidative 
[32]. Due to their chemical 

structure, polyphenols have powerful antioxidant activities 
being able to scavenge a wide range of ROS such as 

roxyl radicals and superoxide radicals [51]. Moreover, 
ncapsulated extracts possess a significant amount of 

antioxidant activities for maintaining the lag phase in 
[7, 13]. The smallest and most 

stable nanocomplexes between β-lg and polyphenols was 
The extract catechins from green 

tea leaves with improved EGCG yield were used in 
oil (W/O) green tea nanoemulsions 

with soy, peanut, sunflower, and corn oils, where the green 
tea/peanut oil emulsion displayed the highest oxidative 

e complexation of tea polyphenols with 
the antioxidant activity of tea 

compounds and the protein secondary structure [42]. The 
caseinophosphopeptide (CPP) 

90% for encapsulation efficiency) 
showed improved delivery property, controlling release of 

astrointestinal environments, 
preventing its degradation under neutral and alkaline 
environments, and amplifying its anticancer activity 

which indicated that the nanoparticles 
with antioxidant activity could stabilize EGCG under 

Moreover, the specific surface 
ns was very high and with an 

/mL [48]. The most common 
method to increase the oxidative stability of emulsion 
systems is probably the use of antioxidants [50]. The 
EGCG release profiles showed a delayed release of the 
encapsulated antioxidant in aqueous solutions while free 
EGCG in PBS lost a 30% of their antioxidant activity 
being completely degraded in 100 h. on the other hand, 
encapsulated EGCG retained its whole antioxidant activity 

Encapsulation efficiency of 
s of  96% ± 3% has been found , 

gelatin capsules were capable of stabilizing EGCG against 
in aqueous solution (pH ¼ 7.4) and  as its 

vity was better preserved in this media 
when encapsulated than in its free form [18]. Antioxidant 

protein and polyphenols influence radical 
scavenging activity of the complexes, greater polyphenol 
to protein ratios increased first order degradation rates, 
consequently decreasing formation of oxidation products 

he antioxidant activities of tea 
protein conjugates enhanced with increasing 

Another research showed that 
conformation was altered in the presence of 

polyphenols with an increase in β -sheet and ∝-helix 
stabilization. This explains 

the mechanism by which the antioxidant activity of tea 
compounds is affected by the addition of milk [42]. Many 

the quantity of polyphenol 
binding sites on proteins is roughly equivalent to the 
concentration of polyphenols, large complexes may form, 
resulting in precipitation and loss of stability [29]. 
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Phenolic compounds have been documented to possess 
complexing properties towards protein in both unoxidiz
and oxidized forms [14,52]. Polymer nanoparticles 
assembled from gallic acid (GA) grafted chitosan (CS, 
GA-g-CS for GA grafted CS) and caseinophosphopeptides 
(CPP) showed strong antioxidant activity and cytotoxicity 
against Caco-2 colon cancer cells [16]. T
never saturated with polyphenols, thus the loss of EGCG 
stability was caused by oxidation and not by precipitation, 
the presence of galloyl and hydroxy moieties was linked 
with higher stability of monomeric flavan
increasing protein [29]. Phenolic compounds 
to olive oil stability, even more than other compounds  
[50]. The oxidation of nanoemulsions was successfully 
inhibited by the catechins [1]. 

 
VI. A PPLICATION OF GREEN 

POLYPHENOLS – PROTEIN NANOCOMP
 
A. Health Benefits of Green Tea 
Protein Nanocomplexes 

Green tea has attracted many researchers in food 
industry because of its invaluable active components
which have shown to improve human health
polyphenols, mainly epigallocatechin gallate (EGCG)
contribute to many health benefits such as prevention of 
coronary heart diseases, tumor growth , 
anti-angiogenic and antioxidant effects
also exhibited anticancer and antidiabetic activities 
56]. Milk proteins have been shown to improve intestinal
transport of green tea catechins 
glycomacropeptides  process responses of immune system
prevent adhesion of  virus and bacteria
growth of  bifidobacteria, control  blood circulation and 
prevent   secretions  of stomach [35]
polyphenols and proteins is important in chemo preventive 
modality [57]. Gallic acid (GA) possess the potent ability 
for treatment and prevention of gastric cancer metastasis
[58]. The EGCG-loaded GA-g-CS-caseinophosphopeptide
(CPP) nanoparticles (84–90% for encapsulation 
efficiency) showed improved delivery property, 
controlling release of EGCG under simulated 
gastrointestinal environments, preventing its degradation 
under neutral, alkaline environments and amplifying its 
anticancer activity against Caco-2 cells [16]
of green tea can improve or prevent the absorption of 
nutrients from food which directly depend on the 
concentration, oxidation and processing 
interactions with proteins [59]. Reduction of the a
ergenicity of peanut proteins due to formation of insoluble 
complexes with various phenolic acids, has recently been 
shown [59]. Natural lipophilic functional foods have 
excellent nutritional value, anti-inflammatory
healing [60].Additionally, inhibition  enzymat
of collagenases and elastases by green tea polyphenols 
plant polyphenols might be promising ingredients in anti
aging skin care formulations as EGCG showed a dose
dependent inhibition of collagenase activity (IC50 = 0.9 
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Phenolic compounds have been documented to possess 
complexing properties towards protein in both unoxidized 

Polymer nanoparticles 
d from gallic acid (GA) grafted chitosan (CS, 

CS for GA grafted CS) and caseinophosphopeptides 
(CPP) showed strong antioxidant activity and cytotoxicity 

. The proteins were 
never saturated with polyphenols, thus the loss of EGCG 

dation and not by precipitation, 
hydroxy moieties was linked 

with higher stability of monomeric flavan-3-ols with 
lic compounds participated 

to olive oil stability, even more than other compounds  
mulsions was successfully 

REEN TEA 

ANOCOMPLEXES 

ea Polyphenols –

Green tea has attracted many researchers in food 
because of its invaluable active components 

which have shown to improve human health. Green tea 
epigallocatechin gallate (EGCG) 

many health benefits such as prevention of 
heart diseases, tumor growth , LDL cholesterol , 

effects [53]. Green tea 
anticancer and antidiabetic activities [54-

Milk proteins have been shown to improve intestinal 
transport of green tea catechins [31]. Casein 

ss responses of immune system 
prevent adhesion of  virus and bacteria, encourage the 

control  blood circulation and 
[35].  Interaction of 

polyphenols and proteins is important in chemo preventive 
. Gallic acid (GA) possess the potent ability 

gastric cancer metastasis 
caseinophosphopeptide 

90% for encapsulation 
efficiency) showed improved delivery property, 
controlling release of EGCG under simulated 
gastrointestinal environments, preventing its degradation 

and amplifying its 
[16]. The catechins 

r prevent the absorption of 
which directly depend on the catechin 

tion, oxidation and processing as well as their 
Reduction of the all 

due to formation of insoluble 
various phenolic acids, has recently been 

Natural lipophilic functional foods have 
inflammatory and wound 

nhibition  enzymatic activities 
green tea polyphenols 

ingredients in anti-
as EGCG showed a dose-

dependent inhibition of collagenase activity (IC50 = 0.9 

mM) [61]. The results  showed 
polyphenols have a strong potential in creation of less 
allergenic food products, minimizing the
allergy reactions in  sensitized individuals or 
obesity and related hypersensitivity disorders
B. Green Tea Polyphenols–protein 
in Food Industry  

It has been  reported that green tea polyphenols can be 
used as antioxidants and as antimicrobial in whey protein 
based systems [26] and their activity depends on the type 
of system into which they are incorporated (aqueous, oil or 
emulsified systems) [32]. Whey protein has excellent 
emulsifying properties and rich in cysteine which has 
potent intracellular antioxidant capacity
green tea extract to biscuit can n
but also make it as functional food
properties to biscuits in the consumer’s mind
Zhou 2011). Difference in antioxidant activity may be due 
to various antioxidant compounds formed during baking
associated to antioxidant capacity in polyphenol enriched 
breads [62]. Similarly, addition of green tea extract (GTE)  
in the gelatin-based film possessed the highest antioxidant 
activity, reducing power and retardation of lipid oxidation 
due to polyphenol compounds 
extracts have been used in various industrial products such 
as cosmetics, foods, and beverages, 
and other foods as antioxidant additives 
most consumers prefer food foamed products  with 
and creamy mouth sensations triggered by the small gas 
bubbles [21]. The cross-linking effect of green tea 
flavonoids on milk proteins can be used for manufacturing 
of novel milk products with desired textural properties 
because of potential effects on textural properties of milk 
products, e.g., yogurt and cheese
also reported that green tea extracts 
and shelf life of various food products
C. Application of Green Tea 
Nanoemulsions 

The best stable formulation that delivers nanoemulsion 
consisting of major catechins from the decaffeinated green 
tea which are useful in the field of nutraceuticals
oil-in-water nanoemulsions are used for delivery of 
hydrophobic bioactives in food systems and can be used in 
beverages due to their clarity and  translucent appearance
[66].  Delivery of food bioactive molecules 
important in production of functional foods  and the 
nutraceuticals [41]. Unfortunately, l
have been limited in their application to food system due 
to their extremely poor aqueous solubility, low oral 
bioavailability, easy to oxidize, and immiscible feature 
with other major hydrophilic compounds 
polyphenols present many health advantages in  nutrition, 
their bio-accessibility is affected by the 
epimerization, hydrolysis and oxidatio
intestinal conditions [67]. Many studies indicated that 
nanosized nutritional supplements 
lipids, vitamins and nutraceuticals 
nanoemulsions are delivery systems may be used to
overcome the problem of their bioavailability and improve 
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It has been  reported that green tea polyphenols can be 
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and their activity depends on the type 
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their efficacy [22]. Theapplication of both p
and emulsions using unsaturated fatty acids as the oil 
phase of polyphenol-encapsulated emulsion 
the delivery of multiple nutrients (unsaturat
and polyphenols) [69]. The average size of the 
nanoemulsions (approximately 300nm
tested within the range of nanoparticles that may increase 
bioavailability through enhanced intestinal uptake 
vivo[22]. The utilization of encapsulated tea polyphenol 
mixtures can significantly improve their storage stability
mask the taste as well as increase water solubility
while maintaining their antioxidant activity
consumer's  rejection of chemical additives, use of natural 
additives with antimicrobial properties 
promising alternative for food industry 
research focused on the delivery of natural antimicrobial 
substances to food products has gained attention in 
food packaging industry [65]. When 
incorporated into edible films improves
quality of food as a  deliver polyphenols 
potential beneficial effects [71].  Moreover, enriching 
films with green tea antioxidants enhance
aesthetic quality of food product
Nanoemulsification increased hypocholesterolemic effects 
of green tea extract in vivo due to increased bioavailability
[22]. 

 
VII. C ONCLUSION AND FUTURE 

 
Green tea polyphenols (phenolic acids and 

possess antimicrobial, antioxidant and so many health
promoting properties. Recently, the development of 
functional milk products and other products containing 
proteins using polyphenols has increased.
formulation of green tea polyp
nanocomplexes affect both rheological properties of 
proteins and biological activity of green tea 
Protein interactions can be applied in stabilizing flavan
ols through thermal processing. Green tea polyphenols
proteins nanocomplexes and nanoemulsions
nutraceuticals and functional foods formulation
systems of food bioactive molecules. 
combination of polyphenols and whey proteins i
promising chemo-preventive modality. 
polyphenols-proteins nanocomplexes are used in 
pharmaceutical products formulation, prevent some 
diseases linked to oxidative stress as well as 
of anti-aging skin care due to antioxidant, antimicrobial, 
anti-obesity and anticarcinogenic properties of 
polyphenols. They are used in food packaging, 
industries for formulations of foamed 
food products and beverages with various functional and 
nutritional properties. The larger part of the work on 
green tea polyphenols – proteins nanocomplexes
using whey protein as a protein source. Recently, there is 
an increasing interest in using alternative protein sources
such as plant-derived protein sources
researches on these other protein sources with gree
polyphenols are available. In future, more
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mixtures can significantly improve their storage stability, 

increase water solubility [68] 
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consumer's  rejection of chemical additives, use of natural 
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research focused on the delivery of natural antimicrobial 
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enhances nutritional and 

food products [65]. 
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phenolic acids and flavonoids) 
and so many health-

Recently, the development of 
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proteins using polyphenols has increased. However, 
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ological properties of 
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In future, more researches are 

needed to investigate different properties 
nanocomplexes of green tea polyphenols with 
alternative protein sources, their
applications to facilitate production of novel products.
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