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Absgtract — The formulation of food products with health
promoting compounds has recently gained consicrable
attention due to increasingincidence of diseases associat
with oxidative stress. Green tea polyphenols exhibi
invaluable properties such asantioxidant activity, antitumor
and anti- mutagenic and antibacterial activities. Green tea
polyphenols-proteins nanocomplexesare among the most
promising delivery systems forbioactive compounds,food
ingredients and nutraceuticals. However, the formation of
green tea polyphenols-proteinsnanocomplexes may affec
both protein technological properties and polyphenis
biological activity. Little is known about the current
knowledge of green tea polyphenolproteins nanocomplexe:
and their properties and applications in food indusry and
health care. Therefore there is a need of enough kwledge to
understand their properties and how these systemsan be
used to create novel products. Therefore, in the psent
paper, an attempt is made to review ggen tea polyphenol-
proteins nanocomplexes, thir foaming behavior,
nanoemulsions, rheological characterizatior and oxidative
stability as well as their applications.

Keywords— Green Tea, Polyphenol, Protein, Nanoemulsn.
|. INTRODUCTION
Green tea is c¢h in polyphenols includir
mainlyphenolic acids and flavonoid4] and contain
several other bioactiveompounds and antioxidants 1
human health[2].Green tea polyphenc possess many
phydological effects combined withantimutagenic,
anticarcinogenic [3-5],  hypolipidaemi [6],
antitumerogenic [7], aninflammatony [8], anti-hyper-
cholesterolemic antibiotic and antiviral effec [9].
Polyphenols decreasevels of markers for cardiovascu
diseases [10,11] and have amibiesity andantidiabetic
properties [12]. However, thpoor water solubilit and
poor bioavailability of polyphenols [13] and their
instability underfood/pharmaceutical prodts processing
(temperature, light, pH) or dugnstorage (light, oxyger
limit the beneficial properties and potential hedienefits
of these compounds in functional food or pharmacal
products [14,15]. Maintain stability @idatior-sensitive
bioactive molecules and drugsfor increasin their

bioavailability and bidunctions is needed [16]. Proteins
have been studied asthe hydrophilic emulsifiersin
external aqueous phase of W/O/W double emul [17].
Gelatin has been uséat encapsulation of polyphenc
due to its biodegraddhlly and electrical properti(18]
for controlled release of acti food ingredients [19, 20].
In addition, theuse of whey proteins as functior
ingredients in food industris increasing because of th
role in human nutrition , éalth and p-lactoglobulin §-1g)
and caseinomacropeptid CMP) a good foaming agents
[21]. Therefore, effective oral delivery green tea
catechins via encapsulation in nanometric sizeiarar
such as ibin water (O/W) nanoemulsions improve their
bioavailability and their efficac [22]. Those bio-derived
particles may also improve the transdermal trarispb
emnulsions for applications in topical drug delivery waell
as stabilization of foam and emulsion systerand
prevention oflipid oxidation in food grade emulsic[23].
Moreover, fmenolic compoundsprotect some important
biomolecules (such as DW lipids and proteinsagainst
oxidative damage induced by reactivexygen species
(ROS) and their additioto food alters il nutritional and
rheological properties [24-26].he formation of protein—
green tea polyphenotomplexes may affect both prote
technological properties and polyphenols biolog
activity [26] but their complexe and nanoemulsions have
nutritional benefits [24].Therefore, complex formatic
between tea polyphenols and proteins improves
stability of these molaules as the research on binding
green tea catechins with casein micelles reportaitk
proteins as an ideal delivery system of these &
molecules [27]. They areeeded in formulation of foo,
beverages, drugs atideir deliverysystems and they have
many other applications. Thisviewfocuses on green tea
polyphenols —protein nanocomplexes, theirfoaming
behavior, green teaanoemulsior and their rheological
characterization. Theiroxidation stability in variou:
systems and applications aowerviewed. This review
provides an outlook for future work to improve o
understanding of their properties and how theséesys
can be used to create novel prodi
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[I. GREEN TEA POLYPHENOLS-PROTEIN
NANOCOMPLEXES

The formation of proteirpolyphenol complexes
deeply influenced by the nature of the proteirne, nature
of the polyphenol (i.e. number of aromatic ring
temperature and presence of other components
carbohydrates) that can affect the interac [26]. Green
tea polyphenols contain mainlyhenoli@acids and
flavonoids (Figure 1), flavonoids themselves conte
flavan-3ols and galloylated catechins that are powe
antioxidants and free iron scavengfts Catechins are
the major constituent of tea flavonoids which cehsif
epigallocatechin gallatédEGCG), epigallocatechin (EGC
epicatechin gallate (ECG), epicatechin (EC), andir
epimerization isomers gallocatechin gallate (GC

Galloylated catechins

Fhieanidli aciits

&

|
e ,/ﬁ
i
Cwiechin gullate (CG) I-.
oo
Calfi weid| C4)

Tl

iy

ik

on

‘%f
a%

Epigalicaisibin sallsi(EGC G

Gali

fJ“‘*r":" A
.-.;—_\_H-—|___-‘11...l_b'_'.$.\_\x = -:v;ﬁ%‘ h\\ P \\ A : /l\ [
3 4 || I L . -'/\\"\“ -~ o o “oH
Lk . NN N L [ \E

Calocateckin gallade (GLGH

ﬂ)ﬁ

International Journal of Agriculture Innovations an d Researcl

Volume 5, Issue 1ISSN (Online) 231-1473

gallocatechin (GC), catechin gallate (CG), and cfate
(C) [28].Flavan-3els have a generibackbone while the
presence of a galloyl moiety or an additional hygr
substitution on the Bing determines the exact compot

[29]. The ability of polyphenols to associate with prog
involves hydrophobic interactions and hydrogen bridc
[27] which adversely affect the antioxidant activitiel

polyphenols [25] Circular dichroism spectropolariner

(CD) spectral studies showed alterations in the sexryr

structure of collagenase on treatment with hig

concentration of catechin and EG([30].Formation of
non-covalent proteirpolyphenol interactions can lead

the formation of aggregates that precipitate frome

reaction mixture and polyphenols might bind totgins

[31] forming complexe¢Table 1).
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Fig. 1 Classifications and chenal structures of green tea polyphes

Table 1. Some properties of proteins used in greapolyphenol-proteins nanocomplex

Protein Function and properties Reference
B-lactoglobulin $-1g) Emulsifier [32]
Carrier of polyphenols, hea [33]
denatured, rapidly aggregate
Caseinomacropeptide (CMP) form gels [34]
Great foaming capacity superior
B-lg, but minor foam stability [35, 36
a-lactalbumirfa-La) pH-dependent [37]
Human serum albumin (HSA) aggregation(maximum at about | [38]

4.6 and slow for pH 5.

Hea-stable protein
High  binding

capacity

for

polyphenol like EGCG

Polyphenols localization and concentratin different
regions of a multiphase system will depend on t
polarity, solubility and affinity for structur:

constituents[32]. Thehanges in pH, temperatuage and
ionic strength may affecactivity and solubility of thes
materials in water [23particle size and charge of pro+
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polyphenol complexes depermh protein nature and p

the bigger complexes were observed at pH 4.B-lg and

at pH 3 for casein protein CMP[28EGCG bind well tc
proteins with a high number of charges (positivel

negative). Thepositive net charge of lactoferrin promo

better its binding to protein due tue tostronger ionic
interactions [38]. However,lgnt proteins are normal

considered inferior to animal proteins (e.g. gelatgg
white and whey protein) in terms of gelling projes

[39]. Polymerized plyphenols which form a coat arount
protein by a surface adsorption mechanism Ito the

protein insolubility, this lossin protein solubility anc
decrease in protein patteane associat¢ the formation of
covalenterosslinking between phenol and pro

molecules [25,38]. fie fabrication of protein nanoparticl
and micro particles rely on thability of proteins to forn
gels [40, 41]The formation of fotein—polyphenol
complexes promotes the gelationbafth-lg and CMP as
indicated by shorter gel and lower Tgel valu,

denaturation of-lg and proteins aggregation charthe

viscoelastic characteristics pflg gels[26]. Many amino
acid residues contribute in  polyphenc—protein

complexation with extended blending networ [42]. An

excess of either proteire polyphenols will reduc the

size of the complex and avoid precipita[29]. Protein-
flavan-3-ol interaction has abilitto modulate biologice
activity [31], polyphenol-beta lacto globulin (BLG

systems were stable at pH values of the gastraoimad

tract , bio accessibility and bioaNability of flavar-3-ols

have been revealed [43[he structures of catechins aff
the affinities of tea catechins for casein miceliesthe

green tea polyphenols—milk syst@8]. Moreover, the
studies reported that the bindinggréen tea catechins

milk proteins increasedas the number of OH grot
increased with this order of increasing affinit
C ~EC <EGC €GCG in the case ofi- and B-casein
[44], whereas for B-lactoglobulin in the order ¢
C~EC<ECG<EGCG [31, 4Hrevious research
reported that polyphengbrotein interactions involv
mainly hydrophobic bonding between galloyl rings

polyphenol molecies and prolin-rich  peptides,
dominated by cover of the polyphenolic rings age

hydrophobic surfaces which areinforcec by hydrogen
bonding [26, 43, 44]Larger polyphenolswith a higher
number of aromatic rings and hydroxyl groups aree

efficient to form complexes with the proli-rich peptides
[31, 42, 44]. The initial binding of polyphenolto whey

proteins is a non-selectivehydrophobicall driven

interaction, surface charge effectecide the insolubilit

of the complex formed , contrtthe degree of aggregati

and the size of particles formed[26].has bee shown

that serum albumins bind best to the first groug

polyphenols (Phlorentin, Hesperetin EGCG), caseins
to the second group (procyanidin B2) dactoferrin to the
fourth group which are all o#n polyphenol [38].
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[1l. F OAMING BEHAVIOR OF GREEN TEA
PoLYPHENOL -PROTEIN NANOCOMPLEXES

A foam is a gas-iiquid dispersion, the dispersed &
continuous phases in foams and emulsions are intrté
[23]. Foam formation is controlled by the adsorptionhef
foaming agent at the aiwvater interface and its ability
rapidly decrease surface tension ,any bio
macromolecules exert surfacctivity at air-liquid and
liquid—liquid interfaces [23].The interfacial interaction
between proteins and polyphenols may inhibit fc
column falling [21]. Hydroxyl groups in phenoli
compounds are able to interact with proteins,
modifying the structure and function of protei[25].
They alsoalter the colloidal stability of the system a
gelation properties [26]. &einomacropeptide CMP)
possessa great foaming capacity, superior f-lg, but
minor foam stability[21]The formation of B-lg-
polyphenols nano-complexewould not participate in
production ofa viscoelastic film with goc rheological
properties due tpolyphenols stacked to the hydrophao
side chains of the amiacids [32]. Recently, most
consumers prefer food foamed products vthe creamy
and soft mouth sensations triggered by the small
bubbles [21]. The addition of 3% of polyphenol
concentrated extract and freezried extract decreased the
hardness of milk chocolafd5]. It was reported that 0.25—
0.4% wi/w of instant green t has succeeded to improve
foam expansion and stability of egg albunproteins [46].
Recently, many studies have focused the use of
partially hydrophobic particles for the stabilizati of
foams and emulsions due to their abilityadsorb strongly
at the air-liquid and liquidiquid interfaces to limit
coarsening, & well as to slow down drainage &
syneresis by structuring in the continuous p [23].
However, foam stabilization requires different sod
properties such as the formation of a cohesiveoelsstic
film via intermolecular inteaction: [21]. The amphiphilic
moleculesprevent phase separation and reduce the e
of the air-liquid or liquidfiquid interfaces in thes
systems [23].The intra and intermolecular hydrophc
interactions between proteirneeded to form an elastic
film which would be restricted by the binding
polyphenols [32]Furthermore, the binding of catechins
caseins reduces their sensation of astringendyeimioutl
[27].

IV. GREEN TEA POLYPHENOLS
NANOEMULSIONS PARTICLES AND
RHEOLOGICAL CHARACTERIZATION

An emulsion § a liquic-in-liquid dispersion, the
dispersed and continuous phases in emulsions
immiscible [23]. A nanosized mulsion is a stable
emulsion composed of surfactant and oil suspende:
water with a particle diameter typically less tHg00 nn
[22]. Nanoemulsions increased bioavailability upc
ingestion due to increased solubility at lessetiglarsize
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[7]. Storage temperature, pa&hd ionic strength great
influence the physical and chemical stability
nanoemulsions [19]t has been found that the sence of
polyphenols accelerathe gelation of botif-lactoglobulin
(B-lg) and caseinomacropeptide (Cand mainly affect
the viscoelasticity of B-Ig gels more than
caseinomacropeptide gels [268Jlanoemulsions preser
the properties of bioactivaompounds in near natural fol
when subjected to different storage condit[7].
Nanoemulsions can be formulated with proteins
polysaccharides showing minimahpact on organolepti
properties of food [7]. Green tgmlyphenols are appli

in nanoemulsions in the food indus due to increased

antioxidant properties [47]Total polyphenol conten
flavonoid content and antioxidant activity of cdters
nanoemulsions were compared with unencapsu
extracts to confirm the presence atechins in their activ
forms[7]. The concentration of catechin green tea
extract (GTE) andhano green tea extract (NGTE) gro
indicated that the nanoemulsisoccessfully captured ti
major active compounds during the esification process
whereasphenolic compounds and total flavonoid coni
were lower in NGTE than the levels in G [22]. The
rheological properties of nanoemulsion showed
Newtonian behaviorof formulations similar to mil,
polyphenol content and flanoid content are confirm as
active species encapsudtinto the sunflower oil (SFC
and peanut oil(PO) based emulsidii$. The Brownian
motion of the particles produces a tt-dimensional
isotropic and random distuition and as the shear r:
increases, the particles become more ordered alom
stream lines and form layers that offer less rasis tc
the fluid flow and thereforeproduce a decrease
viscosity[48]Hydroxyl groups in phenolic compounds
capable to interact with proteins, thus modifyirge
structure and function of protein@5] and alter the
colloidal stability of the system as well as othanctional
properties like gelation [26]Nanoscale emulsificatic
may change the composition of green tea extracicty
could influence its antioxidant activity and relhtépid
metabolism [22].

V. OXIDATION STABILITY

Green tea polyphenols have been used as food\ak
to improve the antioxidant properties and slife of
foods[13] Selection of a stable W/O primary emulsion
increase the stability of W/O/W multiple emulsi [47]. It
was reported that atigh temperature (:°C) storage,
there was a change in terms of pH, conductivity
refractive index that could lead to a decren stability of
the emulsions[10]. laddition , ROS and lipid oxidation
oils not only deteriorate food safety but also @ag
unpleasant odors, off flavors and discolorationt, &lso
decreases the nutritional quality and adversefgct
human health [49]. It has bedound that atty acid
composition, pH and ionic composition, type
concentration of antioxidants and prooxidants, aoul
droplet and interfacial properties, lipid drog
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characteristics, concentration and physical stafle@ence
the physical and oddative stability of emulsiong50].
Green tea polyphenols have enhancthe oxidative
stability of liver fish oil [32]. Due to their chemical
structure, polyphenols have powerful antioxidanivaes
being able to scavenge a wide range of ROS suc
hydroxyl radicals and superoxide radic [51]. Moreover,
encapsulated extracts possess a significant amofi
antioxidant activities for maintaining the lag pbam
oxidation of nanoemulsiorig, 13]. The smallest and most
stable nanocomplexes betweg-lg and polyphenols was
found at pH of 6.0[26]The extract catechins from gre
tea leaves with improved EGCG vyield were usec
preparation of water-inil (W/O) green tea nanoemulsio
with soy, peanut, sunflower, and corn oils, whéedreer
tea/peanut oil emulsion displayed the highest dkid:
stability[48]. Tre complexation of tea polyphenols w
milk proteins can changthe antioxidant activity of te
compounds and the protein secondary stru [42]. The
EGCG-loaded GA-g-Csaseinophosphopeptide CPP)
nanoparticles (8480% for encapsulation efficienc
showed improved delivery property, controlling esde ol
EGCG under simulated agtrointestinal environment
preventing its degradation under neutral and aik:
environments, and amplifying its anticancer acfi'
against Caco-2 cellghich indicatecthat the nanoparticles
with antioxidant activity could stabilizEGCG under
alkaline environments [16Moreover, the specific surfa
area of the nanoemulsis was very high and with :
average value of about 4GF/mL [48]. The most common
method to increase the oxidative stability of enmun:
systems is probably the use of antioxid [50]. The
EGCG release profiles showed a delayed releaséea
encapsulated antioxidant in aqueous sons while free
EGCG in PBS lost a 30% of their antioxidant acyi
being completely degraded in 10. on the other hand,
encapsulated EGCG retained its whole antioxidatitigc
within this time period [18]Encapsulation efficiency ¢
the EGCG-loaded capsslef 96% + 3% has been four
gelatin capsules were capable of stabilizing EGQ&irest
degradationin aqueous solution (pH Y4 7.4) a as its
antioxidant actiity was better preserved in this me
when encapsulated than in its free f [18]. Antioxidant
activities of protein and polyphenc influence radical
scavenging activity of the comple:, greater polyphenol
to protein ratios increased first order degradatiates,
consequently decreasing formation of oxidation pots
[29]. In addition, he antioxidant activities of te
polyphenolsprotein conjugates enhanc with increasing
of the protein content [49Another research showed tt
the B-lg conformation was altered in the presence
polyphenols with an increase i3 -sheet and«-helix
suggesting protein structuratabilization This explains
the mechanism by which the antioxidant activity te&
compounds is affected by the addition of r [42]. Many
studies have shown that the quantity of polyphenc
binding sites on proteins is roughly equivalent the
concentration of polyphenols, large comp's may form,
resulting in precipitation and loss of stabi [29].
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Phenolic compounds have been documented to pc
complexing properties towards protein in both udezed
and oxidized forms [14,52].Polymer nanoparticle
assembld from gallic acid (GA) grafted chitosan (C
GA-g-CS for GA grafted CS) and caseinophosphopep
(CPP) showed strong antioxidant activity and cytimity
against Caco-2 colon cancer cells [16he proteins were
never saturated with polyphenols, thus the losE®GCG
stability was caused by ajation and not by precipitatio
the presence of galloyl arftydroxy moieties was linke
with higher stability of monomeric flav-3-ols with
increasing protein [29]. Phelm compoundsparticipated
to olive oil stability, even more than other compds
[50]. The oxidation of nanmeulsions was successful
inhibited by the catechins [1].

VI. APPLICATION OF GREEN TEA
PoLYPHENOLS — PROTEIN NANOCOMPLEXES

A. Health Benefits of Greene& Polyphenols —
Protein Nanocomplexes

Green tea has attracted many researchers in
industry because of its invaluable active compon
which have shown to improve human he. Green tea
polyphenols, mainly epigallocatechin gallate (EGC
contribute tomany health benefits such as preventiol
coronaryheart diseases, tumor growtLDL cholesterol ,
anti-angiogenic and antioxidamffects [53]. Green tea
also exhibitedanticancer and antidiabetic activiti[54-
56]. Milk proteins have been shown to improve intes
transport of green tea catechin{31l]. Casein
glycomacropeptides prose responses of immune sys
prevent adhesion of virus and bact, encourage the
growth of bifidobacteriacontrol blood circulation an
prevent  secretions of stoma¢B5]. Interaction of
polyphenols and proteins is important in chemo pnéive
modality [57] Gallic acid (GA) possess the potent abi
for treatment and prevention gastric cancer metaste
[58]. The EGCG-loaded GA-g-C&seinophosphopepti

(CPP) nanoparticles (898% for encapsulatio
efficiency) showed improved delivery proper
controlling release of EGCG under simula

gastrointestinal environments, preventing its degtian
under neutral, alkaline environmenasid amplifying its
anticancer activity against Caco-2 c¢ll§]. The catechins
of green tea can improver @revent the absorption
nutrients from foodvhich directly depend on ttcatechin
concentréion, oxidation and processiras well as their
interactions with proteins [59]Reduction of the Il
ergenicity of peanut proteirdie to formation of insolubl
complexes withvarious phenolic acids, has recently b
shown [59]. Natural lipophilic functional foods hay
excellent nutritional value, anitiflammaton and wound
healing [60].Additionally, mhibition enzymsc activities
of collagenases and elastases grgen tea polyphenao
plant polyphenols might be promisiimggredients in an-
aging skin care formulationas EGCG showed a dt-
dependent inhibition of collagenase activity (IC800.9
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mM) [61]. The results showetat a wide range of natural
polyphenols have a strong potential in creationless
allergenic food products, minimizing 1 risks of food-
allergy reactions in seitized individuals oitreatments of
obesity and related hypersensitivity disori [59].
B. Green Tea PolyphenolsreteinNanocomplexes
in Food Industry

It has been reported that green tea polyphenaise
used as antioxidantnd as antimicrobial in whey prote
based systems [2@nd their activity depends on the ty
of system into which they are incorporated (aqueoil®r
emulsified systems) [32]Whey protein has excelle
emukifying properties and rich in cysteine which |
potent intracellular antioxidant capac [17]. Adding
green tea extract to biscuit caot only prevent rancidity,
but also make it as functionfiod which provides healthy
propertiesto biscuits in the consumer’s m (Sharma and
Zhou 2011). [fference in antioxidant activity may be d
to various antioxidant compounds formed during bg is
associated to antioxidant capacity in polyphenalched
breads [62]. Similarly, @ition of green tea extract (GTE
in the gelatinbased film possessed the highest antioxi
activity, reducing power and retardation of lipid oxidat
due to polyphenol compoun([63]. More recently, tea
extracts have been used in various industrial prisdsuck
as cosmetics, foods, and beveragmeat, oil/fat, dairy,
and other foods as antioxidt additive{64]. Additionally,
most consumers prefer food foamed products ‘soft
and creamy mouth sensations triggered by the sgea
bubbles [21]. The cros#aking effect of green te
flavonoids on milk proteins can be used for manufacty
of novel milk products with desired textural projes
because of potential effects on textural propemiesmilk
products, e.g., yogurt anthees [44]. Moreover, it was
also reported that greapa extractsimprove the quality
and $elf life of various food produc [65].
C. Application of Greend&aPolyphenols
Nanoemulsions

The best stable formulation that delivers nanoeiowl|
consisting of major catechins from the decaffeidayeeer
tea which araiseful in the field of nutraceutici [7]. The
oil-in-water nanoemulsions are used for delivery
hydrophobic bioactives in food systems and candeel in
beverages due to their clari;wd translucent appeara
[66]. Delivery of food bioactive moleculesis very
important in production offunctional foods and th
nutraceuticals [41]Unfortunately, ipophilic compounds
have been limited in their application to food systdue
to their extremely poor aqueous solubility, low Ic
bioavailability, easy to oxidize, and immiscibleafere
with other major hydrophilic compounc[60]. Though
polyphenols present many health advantages initinatr
their bio-accessibility isaffected by thedegradation,
epimerization, hydrolysis and oxiden under gastro-
intestinal conditions [67].Many studies indicated th
nanosied nutritional supplementimprove delivery of
lipids, vitamins and nutraceuticals [68]. Therefore,
nanoemul®ns are delivery systems may be uses
overcome the problem of their bioavailability anaprove
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their efficacy [22]. Tleapplication of both olyphenols
and emulsionsusing unsaturated fatty acids as the
phase of polyphena@ncapsulated emulsiocan achieve
the delivery of multiple nutrients (unsatied fatty acids
and polyphenols) [69]. The average size of it
nanoemulsions (approximately 300n diameter) was
testedwithin the range of nanoparticles that may incre
bioavailability through enhanced intestinal uptain
vivo[22]. The utilization of encapsulated tea polyphe
mixtures can significantly improve their storagabdlity,
mask the taste as well &screase water solubili [68]
while maintaining their antioxidant activ [69]. Besides,
consumer's rejection of chemical additives, uspatfiral
additives with antimicrobial propertiesseems to be a
promising alternative for foodndustry [70]. Therefore
research focused on the delivery of natural antiohial
substances to food products has gaiattention instrong
food packaging industry [65]. Whegreen tea extract
incorporated into edible filmsmprove: shelf life and
quality of food as a delivgyolyphenols which may have
potential beneficial effects [71]. Moreover, enriching
films with green tea antioxidanenhancs nutritional and
aesthetic quality of food producs [65].
Nanoemulsification increased ycholesterolemic effec
of green tea extrad vivodue to increased bioavailabil
[22].

VII. C ONCLUSION AND FUTURE PROSPECTS

Green tea polyphenolpltienoclic acids andflavonoids)
possess antimicrobial, antioxidaahd so many hea-
promoting properties.Recently, the development
functional milk products and other products cortajr
proteins using polyphenols has increa However,
formulation of green tea  polyhenols-proteins
nanocomplexes affect both legical properties ¢
proteins and biological activity of green tpolyphenols.
Protein interactions can be appliedstabilizing flavar-3-
ols through thermal processin@Green tea polyphenc-
proteins nanocomplexes and nanoemuls are used in
nutraceutals and functional foods formulati as delivery
systans of food bioactive moleculesin addition,
combination of plyphenols and whey proteinss a

promising chemo-preventive modality. Green tea
polyphenolsproteins  nanocomplexes are used
pharmaceutical products formulation, prevent s

diseases linked to oxidative stress as welformulation
of anti-aging skin careue to antioxidant, antimicrobie
anti-obesity and  anticarcinogen properties o
polyphenols. They are used ifwod packaging,food
industries for formulations ofoamed foods as well as
food products and beverages withrious functional an
nutritional properties.The larger part of the work
green tea polyphenolsproteins nanocomplex has been
using whey protein as a protein source. Receribtet is
an increasing interest in using alternative protonrce
such as plantlerived protein sourc. However, few
researches on these otheptpin sources with grn tea

polyphenols are availablén future, mor researches are

International Journal of Agriculture Innovations an d Researcl

Volume 5, Issue 1ISSN (Online) 231-1473

needed to investigate different properties of
nanocomplexesof green tea polyphenols witlthese
alternative proteirsources, the designs as well as their
applications tdacilitate production of novel produc
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