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Abstract— Flavor is a mixture of organic compounds and
is a quality parameter for food acceptability. Dugi
processing and storage, the concentration of flairor
foods could be diminished because of its volatility
causing a decrease in its intensity and food qualit
Emulsions can mitigate flavor release upon food
consumption; however, emulsions are thermodynaiyical
unstable and are prone to develop particle sizewgno
that contribute to instability; because of thatye their
high physical stability, there is a deep interest i
nanoemulsions to incorporate flavors in foods and
beverages. Using different valves systems sucladialr
diffusers, counter jet dispersers and orifice valvi is
possible to apply high pressures for homogenizatidn
flavor emulsion systems in order to reduce dropiet
and to improve stability. This review compiles and
analyzes works related to the application of each
homogenization system mentioned above in termkeof t
physicochemical and engineering principles implcht
Keywords— Cavitation, high pressure homogenization,
homogenization valves, nanoemulsions, volatile
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. INTRODUCTION
Sensory properties are important factors for
acceptability of any food; particularly, flavor ian
important element in any food formula since flavor
could be an expensive and delicate ingredient {1, 2
Manufacturing and storage processes as well as
packaging materials and ingredients in food prasluct
often generate modifications in overall flavor by
reducing the intensity of aroma compounds or produc
off-flavor components. Many factors linked to asm
affect in general the quality of foods; for instanthe
presence of proteins, polysaccharides or lipidserfev
trace) reduces the volatility of an aroma compowitti
respect to its volatility in pure water (3, 4).
Interactions of water with aroma compounds (or vaitty
other solute) can be estimated by either the Raoait

the
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Henry's laws. Interactions between a solute andheest
are represented by the activity coefficiep):(the higher
the yi, the greater the difference between solute and
solvent (or solution constituents) nature. Thuse th
deviation from ideality+i = 1) becomes larger (5).

The affinity of an aroma compound for the different
phases (food products are emulsified, gelifiedyath) of

a system affects its availability in the vapor phas
besides, perception of many flavor characteristegsends
greatly on the nature of the food matrix componenuish

as proteins, carbohydrates and lipids that are kvedlvn

to interact with flavor compounds. The physicocheahi
interactions that occur between aroma compounds and
other constituents of the food matrix play an intaot
role in the retention of volatile substances durfogd
processing (3, 6).

Flavor release is defined as a transport procesthef
flavor compound from the matrix to the vapor phase;
thus, the decrease in food quality may be relatethé
loss of small-molecule aroma compounds and thisesu
a reduction of flavor intensity and change in thgidal
food flavor (7, 8). A good knowledge of the
physicochemical interactions occurring between dtav
compounds and other major food components is reduir
for the control of food flavoring because the cosifion

of the food matrix and its variations significantly
contribute to different interactions between thavdr
compounds with other food components, which
consequently influence the equilibrium headspace
concentration of flavor compounds (8).

Thermodynamics, represented by the volatility oé th
flavor in the food, and kinetics, characterized tine
resistance to mass transfer from product to afineehe
release of volatile flavor compounds from produdist
only the latter is affected by the matrix textured ghis
becomes apparent only under dynamic (non-equilibyiu
conditions. Under strongly mass transfer controlled
conditions, flavor retention and release is deteediby
diffusion. In liquid and semi-solid systems thefasion
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rates of flavor compounds do not differ much; thiing
release rates tend also to become similar undes mas
transfer controlled conditions (9). The transfeeraf an
aroma compound at the lipid-water interface mainly
depends on its affinity for each phase involved (3)

Due to its solvent properties, type of fat and its
concentration strongly influences the release af/dt
compounds and their perception during consumption,
modifies the physical properties of foods and iefloes
the textural changes of the food product (10, 11).

Fat has a significant effect on the partition ofiatite
compounds between the food and the air phases with
lipophilic aroma compounds being the most affectéd.
fat content is decreased, the amount of lipoplatiemas

in the flavor formulation also needs to be dimieidhn
order to maintain the same profile of aroma relddsam

the product. Since it is now established that ftavo
perception occurs through a cross-modal system {he
sensations of aroma, taste, and texture interact to
constitute a particular perception), it is obviotisat
changing one modality, such as viscosity, can &ffiee
overall perceived flavor. It is generally assuméatt
increasing viscosity through the addition of thickey
agents, results in a decrease in flavor and tastagity.
However, the decrease seems to be dependent on
thickener type (11, 12).

Volatile compounds and matrix characteristics mist
taken into account to explain the transfer procéss.
particular, physicochemical characteristics of titda
compounds influence their release: molecular shsige,
and weight of the aroma compound affect its diffitgj
whereas solubility is influenced by the compounturey
polarity, and ability to condense. In order to et
flavor changes during food conservation, different
strategies could be used (7).

Given the above, there is considerable interedtimvithe
food industry in the development of food-grade \caly
systems to incorporate lipophilic functional compots,
such as flavors, into foods and beverages. Onleeafost
important aspects of flavor emulsions is how they
mitigate flavor constituent release properties upon
consumption (13, 14); for instance, the flavor comgnts

in citrus oil emulsions are prone to physical detation
leading to decrease in product quality and shostesif
life. Therefore, formation of chemically and phylg
stable oil emulsions for use in foods and beveragmdd

be a major advantage for the food industry (15). A
number of different colloid-based delivery systenae
been shown to be particularly suitable for thispmse,

including microemulsions, nanoemulsions, and
emulsions. These colloidal systems differ in their
composition, physicochemical properties, and

thermodynamic stability, which lead to differencies
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their functional performances. Colloidal delivegstems
can be entirely generated from food-grade ingredien
using simple processing operations (14).

Il. EMULSIONS, MICROEMULSIONS AND
NANOEMULSIONS
The definition of ‘emulsion’ by the Internationahién of
Pure and Applied Chemistry (IUPAC) states: “In an
emulsion, liquid droplets and/or liquid crystalsear
dispersed into a liquid” (16).
Food emulsions are subjected to the same principhes
other emulsion systems; they contain droplets wigan
radii ranging 100 nm-100m and, as a consequence, tend
to be optically turbid or opaque since the constitu
droplets have similar size to visible light wavejtrs so
that the former strongly scatter light. Food enurisi are
complex systems, and must contain only ingredidmds
are acceptable for human consumption; besides,rwate
and oil may contain proteins, polysaccharides, low
molecular weight surfactants, salts, sugars, alcoho
antimicrobial agents, dyes or flavorings. Oil-intesa
(o/w) emulsions (cream, dressings, etc.) are tylyiflaid
and may contain a (partially) crystalline oil pha#dgereas
food-related water-in-oil (w/0) emulsions (butter,
margarine, etc.) are typically solid-like. Traditadly, oil-
in-water (o/w) emulsions are produced by homogengizi
oil and aqueous phases together so that one qfhthses
gets dispersed in the other by forming small drsp{@4,
17-20).
Technologically, due to their droplet size, one thé
greatest complications is that emulsions are
thermodynamically unstable because of the energy
required to increase the surface area betweennul a
aqueous phases and, therefore, an increase ierfezgy;
hence, emulsions tend to separate into their dopsti
phases with time or tend to break during certain
processing operations (heat treatment, mechanical
deformation, freezing, etc.) (14, 21, 22).
In  physicochemical terms, particular features of
emulsions are the presence and nature of the agueou
phase-lipid phase interface, the surface area ch su
interface, and the nature and amount of the suidatiee
agent adsorbed at this oil-water interface thatecuired
to stabilize such emulsion (1, 20).
Five main mechanisms contribute to emulsion infitgbi
e Creaming (or sedimentation); is due to
differences in density between the two phases
under the influence of gravity which leads to
phase separation.
» Flocculation; is best described as the aggregation
of particles, that retain their structural integrit
due to weak attractive forces between colloids,
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as well-described by the Derjaguin, Landau,
Verwey and Overbeek (DLVO).

» (Partial) coalescence; two colliding droplets will
form a single larger droplet. May be complete
when the droplets are liquid or partial if the
droplets contain crystalline matter.

e Phase inversion; partial coalescence can lead to
phase inversion where O/W emulsion becomes a
W/O emulsion.

» Ostwald ripening; is the growth of larger
droplets at the expense of smaller ones and is
related to the solubility gradient found between
small and large droplets (17).

Emulsion stabilization has been examined through
improvement of kinetic stability by using emulsiBe
such agents form a shielding layer around the dtspl
that may help protect them from aggregation by
generating repulsive interactions. The most common
emulsifiers used in the food industry are amphiphil
proteins, polysaccharides, phospholipids and small
molecule surfactants (18).

Another common strategy that could improve food
emulsions stability is the incorporation of biopokrs
(thickenings agents); for instance, proteins have
absorption properties at oil-water interfaces tomfo
layers around oil droplets, and, in general, hydioas

act by increasing the viscosity or forming a getwuerk
within the dispersing phase, thus delaying theainifity
processes. Additionally, some thickening agents g(e.
proteins, gum arabic and gum tragacanth) are also
surface-active (11, 17).

Dehydration of oil-in-water emulsions that contain
thickening agents is a common practice for the
elaboration of food powders. Nowadays there arers¢v
food emulsions containing oils or polyunsaturatéd as
carriers of flavors and other components; in thailteng
product, the oil preserves its role as the dispetsase
and is entrapped or microencapsulated in an amagho
material (23); however, in order to remove the $esal
possible amount of water during drying processigy
concentrated  formulations  (>>10%) are very
advantageous (24).

Despite there are reports that verify the opposités
extensively accepted that microencapsulation efficy is
affected positively by oil droplet size, the smalend
more uniform the droplets the more oil is covered p
surface unit by the encapsulating matrix (23). vitg
emulsion composition by changing fat and stabilibeth

in type and concentration, leads to products wiffemcknt
physical and sensory properties; however, the dseref
emulsion droplet size in the encapsulation (at seale)

of essential oils represents a feasible and efficie
approach to improve the physical stability of theslstive
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compounds, protecting them from the interactiongh wi
other formulation ingredients and, because of the
subcellular size (500 nm), produces higher absmmpti
through the activation of passive mechanisms of cel
absorption (11, 25-27).

The droplet size could influence the equilibrium
distribution of flavor molecules within an emulsi(Z8):

e For tiny droplets (d<100 nm), the vapor pressure
of a compound, contained inside such droplet,
increases as the droplet size decreases, which
could increase the headspace concentration.
Nevertheless, for the majority of food emulsions
this effect is unlikely to be significant.

+ If an emulsifier is able to solubilize flavor
molecules, a change in the total emulsifier
concentration will change the flavor profile; so,
when the droplet surface area increases the
fraction of emulsifier molecules adsorbed to the
droplet interfaces increases and the flavor
distribution within an emulsion may be altered
by change in droplet size.

There is considerable attention within the food and
beverage industries in the utilization of ultrafine
emulsions to encapsulate and deliver lipophilicctional
agents, such as, colors, antimicrobials, microaents,
nutraceuticals and flavors (29). Nanoemulsions peto
size < 100 nm) have gained recent interest among fo
manufacturers and scientists as novel delivery and
encapsulation systems; given their smaller dropieg,
they have low turbidity and are optically transpayrehis
property is of interest to the food industry asriables the
delivery of lipophilic flavors and bioactive ingriedts in
clear emulsions. Smaller size droplets also hawe th
potential to improve the bioavailability of the eor
because of the increased surface area (29-31). Only
emulsions with droplet size in the nanometer range
obtained by shear methods are considered as
nanoemulsions (16).

Other important advantage of nanoemulsions is thigi
physical stability; although they are still not
thermodynamically stable, they have an extremehglo
kinetic stability that significantly exceeds thdt larger
emulsions (32). Nanoemulsions are sometimes refeore
as ‘Approaching Thermodynamic Stability’ (29, 30).

The small droplet size of nanoemulsions makes them
defiant to physical decay by gravitational separsti
flocculation and/or coalescence. Nanoemulsions are
resistant to creaming since Brownian motion isisigfiit

to defeat their low gravitational separation fortheey are
also resistant to flocculation because of greatiigient
steric stabilization. Most hanoemulsions are sizdil by
synthetic surfactants which tend to have long hgtilic

tails of the order of 2-10 nm. The high ratio adrtt layer
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thickness to droplet diamete¥/i( ratio) means that steric
stabilization is very effective and even weak fidetion

is prevented (33).

Nanoemulsions, however, are particularly prone to a
growth in particle size over time by Ostwald ripamgi
this process is driven by the Kelvin effect whdre small
emulsion droplets have higher local oil solubilityan the
larger droplets because of the difference in Laplac
pressures. The rate of Ostwald ripening is largatyated

by the solubility of the oil in the continuous pkaS (o)

as described by Liftshitz and Slesov, and Wagn&wWL
theory). The LSW theory assumes that the droplieteen
dispersed phase are spherical, the distance betifteen

is higher than the droplet diameter and the kiset&
controlled by molecular diffusion of the disperggtase

in the continuous phase. According to this thedhg
Ostwald ripening rate in O/W emulsions is directly
proportional to the solubility of the oil in the wepus
phase. The aqueous phase solubility of an oil deese
linearly with oil molar volume, Vm (32-34).

A diversity of preparation methods have been deeslo
to obtain a fine emulsion and these can be clasksiis
either high energy or low energy approaches (35).
Microemulsions are obtained through Ilow energy
methods; the droplets in a microemulsion are Staull
by a series of surfactants, generally in conjumctigth a
co-surfactant, which are necessary to further lother
interfacial tension. The use of microemulsions aod
formulations has been restricted by the toxicity of
surfactants and co-surfactants involved (31).

M. HIGH ENERGY METHODS
Emulsion formation is non-spontaneous and energy is
required to produce the droplets. An emulsion eppred
by dispersing one immiscible liquid into anotherusjng
a process called homogenization wherein one of the
phases gets dispersed in the other by forming small
droplets. In contrast with the formation of smatbks,
the formation of large droplets (few micrometers)sathe
case for conventional emulsions is fairly easy withh
speed stirrers such as the rotor stator systemsh@neal
devices) but do not provide a good dispersion imseof
droplet size and monodispersity. Indeed, the energy
provided is mostly dissipated, generating heat lagidg
wasted in viscous friction. Therefore, the additibfree
energyAGf necessary to create the huge interfacial area
of nanoemulsions is not obtained (20, 30, 36).
Conventional emulsions require certain amount &rgy
to expand the interface\Ay (where AA is the rise in
interfacial area when the bulk oil with ardaproduces a
large number of droplets with aré@g; A>>A,, y is the
interfacial tension). Becausgeis positive, the energy to
expand the interface is larger and positive. Thisrgy
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term cannot be compensated by the small entropy of
dispersionTAS (which is also positive) and the total free
energy of formation of an emulsionGf is positive (1):

AGf =AAy-TAS(30) (1)

The formation of small drops is not easy and thtuires
that a high shear stress supplies an amount ofggner
larger than the Laplace pressumg the difference in
pressure between inside and outside the droplatignmt
(30, 33, 37):

p= Y=+~ 2)

In (2) R1 andR2 are the main radii of curvature of the
drop. As showed in (3) for a spherical dr&~R2 and:

=" 3)

R

(30, 38)

This demonstrates that the internal pressure iseewith
an increase in interfacial tensiog) (@and a decrease in
droplet radius (R) so that in order to break up@dnto
smaller ones, the former must be strongly deforoqedo
the specific surface area reaches the point ofipliEem
and this deformation increaspof the resulting droplets
(30, 37, 38).

This can be shown when a spherical drop deforntsant
prolate ellipsoid. For a spherical drop, there méyane
radius of curvatureRa, whereas for a prolate ellipsoid
there are two radii of curvaturdRbl and Rb2.
Consequently, the stress needed to deform the idrop
higher for a smaller drop. Since the stress is igdiye
transmitted by the surrounding liquid via agitatibigher
stresses need more vigorous agitation, hence nnemgye
is needed to create smaller drops (30, 38). Suanfitst
participate in a major role during formation of
nanoemulsions: lowering the interfacial tensign,is
reduced and therefore the stress required to bupak
drop is reduced (30).

High energy approaches such as high pressure
homogenization systems and ultrasonics are capzble
generating intense disruptive forces that breakgpdil
and water phases and lead to the formation of dihy
droplets, with or without the addition of surfadif14,
31, 35, 39).

Ultrasonic emulsification is believed to occur tigh two
mechanisms (40):

» Application of an acoustic field which produces
interfacial waves that eventually result in the
spread of the oil phase into the aqueous medium
in the form of tiny droplets.
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» Application of low frequency ultrasound causes
acoustic cavitation, that is, the formation and
subsequent collapse of microbubbles by pressure
fluctuations.

Ultrasound homogenization is the most popular way t
produce nanoemulsions and nanoparticles for relsearc
purposes. It does not; however, appear practicalde on

an industrial scale, for which pressure devicesadien
preferred. Scalable top-down approaches such &s hig
pressure homogenization have already been effégtive
used in low-viscous fluids for emulsion preparatem
microencapsulation; these technologies could peovid
high shear stress and inertial forces resulting decrease

of the average droplet diameter and an increased
interfacial area; hence, they are commonly useftbdual
industry (36, 41-44). In addition, the local enenggut of
high pressure homogenization is comparable to
ultrasound application, the main differences anébin

the processing time; actually, droplet disruptiond a
stabilization have to take place within shorter diras
compared to ultrasound homogenization (45), i.e.
ultrasound homogenization is a high energy/longetim
system (46).

In general, emulsification process involves twopste
first, deformation and disruption of droplets, whic
increase of the specific surface area of the ewmlsand
secondly, the stabilization of this newly formedeifiace

by surfactants (47).

3.1High pressure homogenization
The principle of high pressure homogenization mspse:
a coarse emulsion produced with a high-speed bieade
forced under pressure through a narrow valve (10g10
diameter, designed for this specific high pressure
application) by applying a large pressure gradugritO to
100 and even 500 MPa in a short time (milliseconds)
High pressure homogenizers can be equipped with
different types of homogenizing valves with diffete
geometries; for each of the different valves the
mechanisms causing droplet breakup may vary; but
basically the liquid processed by any type of hoemizer
valve passes under high pressure and the emulsion i
accelerated to velocities of up to hundreds of im/the
gap, such conditions in the “homogenizing gap” ¥kein
the disruption of fat globules and form a finer ésian
(26, 34, 42, 45, 48-53).
At present, some equipment may deliver pressure® up
150-200 MPa (high pressure homogenization, HPH) and
even more for the latest developments, e.g. u®@-800
MPa for ultra-high pressure homogenization (UHPH)
(54).
Previous studies have shown that the minimum partic
size possible using the high energy approach depend
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homogenizer type and operating conditions (e.geran
intensity, time, and temperature), sample formarati
(e.g., oil type, emulsifier type, and relative
concentrations), and the physicochemical propedfi¢se
constituent phases (e.g., interfacial tension dadosity)
(35). As mentioned above, the emulsification preceg
HPH can be schematically represented by two stdbes,
first consisting of droplet deformation and subsadu
disruption, with the resulting increase of the aoef area

of the emulsion; and the second one, involving ktop
stabilization by means of the adsorption of the lsifier
molecules at the newly formed interfaces (Donsalet
2012b).

The emulsion droplet size (EDS) is determined by th
dynamic balance between two opposing processes;
droplet breakup and recoalescence (33, 55). These
processes take place given that if the timescale of
surfactant absorption is longer than the timesaafie
collision, the fresh interface will not be complgte
covered and will lead to re-coalescence (an EDS
increase), or ‘“over-processing” (Jafari et al.6]5has
more information about this topic).

The mechanisms for HPH involved in droplet break-up
have not been completely elucidated; in fact, inat
possible to specify a single overall disruption hstsm

for a certain type of emulsifier systems witholking the
product parameters (e.g. viscosity of the two pbase
interfacial tension), operating parameters (e.gume
flow rate, temperature) and device parameters {(alge
geometry) into account. In the literature, diffdren
disruption mechanisms are generally emphasizedheas t
cause of the droplet disruption in the high pressur
homogenizer: simultaneous viscous stress, implosion
cavitation bubbles and interactions with turbuledties
being the most predominantly found explanations &71

57, 58).

For a given valve geometry, disruption is alsouaficed

by product properties and operating conditions ;(26)
detailed studies of carefully scaled models show no
fragmentation at all in the valve gap, rather witlhe
region of the valve gap and in the jet after thp, gehere
the flow is elongational and then turbulent, resipety.
With the exception of small laboratory equipment,
turbulent shear forces is said to be the predorinan
mechanism that contribute the most to droplet gison;
turbulent flows are characterized by the presente o
eddies and chaotic velocity fluctuations; both sHegces
and local pressure fluctuations (inertial forceah come
into operation. Inertial forces are usually predoanit, but
viscous forces may be involved in the homogeninatio
process. Turbulent fragmentation can be seen to be
controlled by two factors; the amount of dissipated
energy, closely linked to the pressure, and thepdro
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deformation time relative to the turbulent eddy ltfme,
linked to disperse phase viscosity (37, 50, 5158560).
Whereas the viscosity of the continuous phase doés
play a significant role on the disruption efficigndhe
disperse phase viscosity or the viscosity ratidindd as

the ratio of the viscosity of the disperse phaseht®
viscosity of the emulsion phaseydinem) or of the
continuous phase n@mc), represents an important
parameter (26). However, according with Qian and
McClements (35), in homogenizers where shear forces
play an important role, by increasing the viscosity
continuous phase the droplet diameter usually dses
while through another technique, an increase of the
viscosity in continuous phase leads to diminished
coalescence frequency because it slows down the
movement of droplets (61).

A drop with a higher viscosity will need a longan¢ for
deformation when a given force acts upon it. I6ttime

is of the same order or lower than the relevane thrales

for the fragmentation mechanism, break-up will be
partially controlled by this deformation proces)(5

More recently Lee et al. (60) reported that twoetymf
droplet break-up regimes are identified:

e Turbulent-inertial which occurs when the droplet
size is similar in size to the smallest scale esldie
in the system.

e Turbulent-viscous takes place when droplet sizes
are decreased below the size of the smallest
eddies in the system by the shearing forces
created within these eddies. Droplet deformation
and break-up in turbulent viscous flow is
considered to be mechanistically similar to
simple shear.

In laminar flow, viscous forces are mainly respobtesifor
the flow and only shear forces lead to droplet daftion
and subsequent disruption (37). The formation of
emulsions in laminar shear regimes is only sensible
energy terms when the ratio of the viscosity of the
disperse phase (vd) and the viscosity of the eowléie)
falls in the range: 0.1 < vd/ve < 1 (62).

Cavitation means the formation of cavities filledhwgas

or vapor as static pressure decreases and theieguént
collapse as soon as the static pressure incre@mes a
(49). Cavitation can be generated by the passagbheof
liquid through a constriction such as an orificatplor a
valve. When the liquid passes through the conairict
boundary layer separation occurs and the kineterggn
associated with the liquid increases at the expehsiee
local pressure (63).

In the homogenization, according to the law by Beil,

the flow volume of liquid in a closed system peoss-
section is constant. That means the reduction & th
diameter leads to an increase in the dynamic pressith
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the simultaneous decrease in the static pressive Itlee
boiling point. A liquid boils when its vapor pressuis
equal to the air/static pressure of the environméent
consequence, the liquid starts boiling at room
temperature, leading to the formation of gas buhble
which implode after leaving the homogenization gap
normal pressure conditions are reached again (54,65
Other two cavity formations are distinguished wiséatic
pressure falls below the critical value (49):

» Gas cavitation: the reduction of static pressure
results in a lower solubility of the gas that could
be dissolved in any liquid and, therefore, the
formation of small gas-filled bubbles.

e Pseudo cavitation: in occasions a liquid also
contains undissolved gas that is dispersed in the
liquid in the form of microscopic bubbles. If the
static pressure decreases, these bubbles will
expand.

However, since these processes take much longethlea
sudden collapse of bubbles filled with vapor, gas
cavitation and pseudocavitation do not contribube t
droplet disruption (49).

In high-pressure homogenizers, the pressure diftere
over the nozzle corresponds to the energy denEiy, (
this is the mechanical energy input per volume haf t
zone where the droplets are disrupted (dispersing
volume). When the stresses acting locally on troplet
exceed the retaining forces for a sufficiently laime,
the droplet is disrupted. The result of disruption,
expressed by a mean diameter x (e.g. the z-average
diameter) can be described as a function of endeggity

by:

X = CEV™® (4)

In (4), b and C are constant. Typical values ahhge
from 1 for laminar elongational flow to about 0.6rf
inertial forces in turbulent flow, and 0.75 for andorces

in turbulent flow. C depends on the efficiency obplet
disruption and b is affected by the flow conditionghe
dispersing volume (26, 66).

There are a number of limitations in using high rgge
methods to produce ultrafine emulsions, such a$ hig
initial equipment and operating costs, high power
requirements, potential for equipment breakdownd an
difficulties in producing very fine droplets fronerain
kinds of food ingredients, e.g. highly viscous ods
slowly adsorbing emulsifiers (29). The droplet
stabilization that has to take place at extremeKia®tics
requires working at surfactant concentrations #nathigh
enough (45).

The high wall shear forces resulting from liquidttion

on the valve surface and conversion of kinetic gynénto
heat, as well as cavitation, lead to short-life timga
phenomena; however, this can be controlled by iefftc
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cooling devices. Moreover, classical high pressure
homogenization requires the use of a coarse enmulbat
should be prepared before (45, 67). When the perpbs
the experiment is the encapsulation of fragile males
such as peptides, proteins, or nucleic acid, often
encountered in pharmaceutical or medical resednigih,
energy methods may give rise to drug degradation,
denaturalization or activity loss during process{36).
Suérez-Jacobo et al. (68) reported that the losg- of
carotene in apple juice during HPH could be du¢h®
working pressure.
Other inconvenient of HPH is that, depending on
processing conditions, the structure of thickemeal/
material can break-down and reduce their molecular
weight when are subjected to such process, e.gchsta
derivatives Modigb et al. (69) and Nilsson et(@D) OSA
starch, Wang et al. (71) waxy maize starch, Majz@bb
al. (72) Corn starch, Augustin et. 4r3), resistant starch.
Floury et al., (74) reported that methylcelluloggymers
reduced their molecular weight after being subpbdt®
high pressure and ultra-HPH process. Kasaai ef78).
reported that polymers of chitosan with larger roolar
size are preferentially degraded by HPH.
3.1.1 High pressure systems

Different equipments using high pressure technolagy
actually in development, either prototype or indast
scale equipment, depending on the nominal pressvet
(54, 57). A classification of these systems cabdmed on
the nozzle geometry and design and depends orabe f
guidance, which is more useful than commonly
classifying by taking into account the kind of
construction, since the emulsifying nozzle is deeigor
the efficiency of disruption using high pressureides.
They can be subdivided into (56, 76):

» Radial diffusers (standard nozzles)

e Counter jet disperser

e Axial nozzle systems (orifice valves)
It is common that some homogenizers work with a
configuration multistage; first valve frequently rke
under high pressures, with the main function ofugiting
the droplets and producing smaller ones, whereas th
second one works at low pressure, generally as 1 %
the high pressure. This second valve has a pogfieet
on the efficiency of homogenization, preventing the
droplet recoalescence. The backpressure producea by
second stage, promotes cavitation and improvesethét
of homogenization (37).

3111 Radial diffusers

The radial diffuser (Fig. 1), so named due to the/fpath
in these nozzles and often referred as homogenizhg
or standard nozzle, is the most widespread HPH innit
industry (37, 56, 76). For a given pump throughpig
homogenizing pressure is determined by the fortiagc
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on the axially movable valve plug and the sizehef gap
resulting from this (62).

+'ﬁ'+

!

Fig. 1: Basic scheme of a radial diffuser systefterA
Schultz et al. (76).

A standard radial diffuser consists of a valve faghich
causes a deflection of 90°C of the direction of fibev,

and an axially mobile valve seat, which makes @tian

of the slit width possible as well as with constéotv
rate, a variation of the homogenizing pressure (&cht

al., 2004). The coarse emulsion is pumped by mehaas
high pressure pump through a central inlet bore and
forced through the radial gap between the valve aed
the valve plug. In its inlet bore the fluid accelis a very
short distance to a very high velocity (37, 76)e th
resulting strong pressure gradient between the anbe
outlet of the valve generates intense shear foereb
extensional stress through the valve gap. The ikinet
energy generated by the pressure energy applied is
responsible for particle disruption to the submicrange
(37); besides, as mentioned above, the effect\ofaten
phenomena increases the homogenization efficiency.
The particle disruption in radial diffusers is
predominantly due to inertial forces in turbulefdwf.
Disruption is also possible through shear forces in
turbulent flow and cavitation (62). However, Schatzal.
(76) indicated that the droplet disrupting mechamnis
located in the laminar extension flow at the indétthe
homogenization slit. Compared to the phenomena of
droplet disruption in the inlet slit, the cavitaticand
turbulence may be neglected.

Avestin  homogenizer is widely used in emulsion
industries and its related work (77). Emulsiflexiganent
from Avestin Company resembles a conventional
homogenizer but with a specific novel valve design.
Emulsiflex technology has been applied in labosator
systems that attain pressures up to 2200 42t MPa)
and the designs are specifically adapted for higisgure
use (78).

Using a radial diffuser type valve (Emulsiflex C}50
Lacroix et al. 79) evaluated the treatment of HP# o
orange juice at 170 MPa. They reported that orguiges
subjected to HPH were significantly more stablebpiuy
because of the modification of structure of peatid also
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due to particle size reduction; besides, with avpaem
treatment together with HPH, the flavor of juiceasw
improved. On the other hand, small-scale machiom fr
Avestin (Emulsiflex-C50) can be operated at a walege

of pressures up to 2000 bar (200 MPa) (77).

More recently, Nogueira et al. (80) analyzed (dgrir2
weeks) size and polidispersity index of differemest
fenel oil’s formulations processing with an EmuésifC5

at =70 MPa for 5 cycles; the smallest droplet diameter
(d=52.91 nm) was found for the system with higher
surfactant proportion, all formulation displayeaharrow
size distribution. Four nanoemulsions showed ahtiig
increase of droplet size over time, which the argho
suggest it could be attributed to Ostwald ripenargl
coalescence mechanism. Emulsiflex—-C5 is actually a
long-awaited combination of homogenizer and extrude
Caution is also needed to minimize oxidation and
hydrolysis (81).

In other study with an Emulsiflex-C5 at 34.5, 69dan
103.5 MPa passing through three cycles, Kourngtisl.
(82) produced emulsions of orange essential oih vait
narrower droplet size distribution using a mixtusé
nonionic surfactants at oil phase of 10wt%. Thdilta

of the orange oil emulsion and their droplet size
distributions in the presence of a pair of surfacta
mixtures did not vary significantly with increasing
processing pressure in the HPH. No stable emulsions
were obtained at the same conditions (three diitere
pressures with three cycles) with pure nonionic
surfactants; this behavior can be attributed to Ithe
interfacial tensions obtained for these systems.

Yang et al. (83) homogenized citral emulsion witinp
kernel fat and soy lecithin by using Emulsiflex-C3,
equipment for six cycles at the pressure of 150 MPay
observed that the incorporation of antioxidant &gen
increases the particle size; however, no phaseaepa
was observed for any of the emulsion samples arzb
50°C storage and the analyses showed that pasiote
increased slightly at any temperature but in sample
stored at 50°C such increase was higher, they imgula
that it is due to the particles moving more rapidijhen
the authors evaluated citral's chemical stabilityder
acidic condition (pH 3.0) they established that
encapsulation of citral in o/w nanoemulsions could
improve its chemical stability and reduce the piciitun

of many off-flavor compounds.

With an homogenizer Niro- Soavi NS 1001-L, a two-
stage piston homogenizer, Kim et al. (84) using whe
protein isolate, soy protein isolate, sodium caseirand
gum arabic as encapsulating agent elaborated emsisi
of orange oil at 70, 140, or 210 kg cm-2 (6.86,/83and
20.59MPa respectively) at first stage of homogeiina
and 35 kg cm-2 (3.43MPa) at second stage of
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homogenization; they observed that the droplet arze
the depth of the cream layer were significantlyetiéd by
encapsulating agent and percent oil load but not by
variations in homogenization pressure of 70 and &40
cm-2; however, soy protein isolate emulsions wegestm
stable than the rest of the encapsulating mateaiadisthe
size of its droplets was smaller too. Sodium caseiland
gum arabic did not encapsulate orange oil at thbehioil
concentrations as effectively as at lower oll
concentrations.

Bringas-Lantigua (85 prepared a microencapsulated
product of lime essential oil, gum arabic and ndgtdgrin

at 10-50 MPa for two passes using a Niro Soavi
homogenizer. They observed that the surface oilers

of the microencapsulated products ranged betwe@di 0.
to 0.009 wt% total solids, the EDS #p was 2.9 um.
Low surface oil content is very important for prdivig
storage stability to flavorings that are subjecbxadative
deterioration.

Another study in a two-stage pressure homogeniaed®
GEA Niro Soavi (86) using maltodextrin and gum &ab
as carriers to obtain lemon aroma powder, obsetivad
particle diameters of the respective emulsion faghh
shear homogenization were significantly higher than
diameters for HPH (30 and 60 MPa and 10 and 20 MPa
on the first and second level respectively); in itoial,
whereas an increase of aroma addition caused seBsE

in diameter after high shear homogenization, tlaenditer
size did not change after HPH; moreover, the
modification of the homogenization pressure caused
change in the mean diameter of droplets, indepehydeh
lemon oil addition.

Costa-Garcia et al. (87) concluded that in ordexdiadieve
the highest retention of basil oil, the best ctinds for

its encapsulation with gum arabic were oil concartn
about 10-14% and homogenization pressures grdear t
50MPa in the first stage (PANDAZ2K, Niro Soavi). In
addition, authors observed that the systems were
positively affected by an increase in homogenizatio
pressure when obtaining a lower EDS (mean diameter
varied from 0.46 to 0.91 um); furthermore, parscle
produced from emulsions with a small droplet size
presented higher oil retention. However, the
homogenization pressure was the factor that méesttafl
emulsion stability after 24 h of homogenization.eTh
emulsions produced under higher homogenization
pressures were less stable, showing higher coalesce
level.

In Niro VHP (very high pressure) homogenizers, the
homogenizing effect is caused by the product emettie
valve inlet under pressure, and as it passes throlog
minute gap; the velocity rapidly increases whilee th
pressure rapidly decreases to atmospheric presshee.
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homogenizing efficiency is due to a combinationttod
pressure applied and the geometry of the valve (88)

In APV-Gaulin high-pressure homogenizer (Fig. 2§ th
flud is fed axially into the valve seat, and then
accelerated radially into the gap between the valveé
seat. When the fluid leaves the gap, it becomeslialrjet
that stagnates on an impact ring before leaving the
homogenizer (57).

|
b ':,'!: :: Valve
88 % egg | piston
2]
*

/ ® |\
Impact| @ @ [valve
ring o 8] seaf

@]

Fig. 2: Schematic view of APV-Gaulin valve. Aftéory
et al. (50)

Djordjevic et al. (15), using an homogenizer APVulia

at near 21 MPa for four passes, obtained emulsion
systems of limonene and citral stabilized with sodi
dodecyl sulfate (SDS), SDS-chitosan, and gum arabic
with initial mean particle diametersl,g) of 0.25, 0.41,
and 1.1pm, respectively. Emulsions containing SDS-
coated were physically more stable droplets during
storage than the others. At the end, SDS-chitogsies
was not effective for preventing the degradatiorcitfl

in o/w emulsions as compared to gum arabic; howeter
was more effective than gum arabic in preventing
limonene degradation.

Mirhosseini et al. (89) homogenized cold pressehge

oil using a mixture of gums arabic and xanthan @eéss
through a high pressure homogenizer (APV-Gaulim) fo
three times (30, 28 and 25MPa). The authors regdinkat

the mixed surface active materials behaved totally
different from one and another; first, they obsdna
negative relationship between gum arabic and eowlsi
stability, because emulsions containing gum arabi
more susceptible to depletion flocculation; andoselg
high concentration of gum xanthan as an anionic
polysaccharide led to increase the negatively athiyg
potential and subsequently the emulsion stability.
Another  manufacturer of  homogenizers  with
specifications similar to that of APV-Gaulin is APV
Rannie AS (90). In most cases, with the standatdeva
geometry (from APV-Gaulin or Rannie), turbulence is
said to be the predominant mechanism.
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Using a Rannie homogenizer, Miettinen et al. (91)
prepared different matrices of rapeseed oil (5 @¥h
using an emulsifier (1% w/w, modified potato staah
sucrose estearate). The matrices were flavored eitttler
2,3-butanedione (more polar) or linalool (nonpolsuith
emulsions were homogenized four times at 30 MPa
(which gave a smaller EDS) and 10 MPa, such emmasio
were very stable during 3 weeks. They observedtgrea
release of linalool from pure water and then from
emulsions containing 5% fat, therefore the reldasels
from pure oil and 50% fat emulsions were quite Emi
the more polar compound was more easily released fr
pure oil than from water matrix. However, in theseaf
emulsion matrices, there was a trend of greaterasel
from the emulsions containing less fat.

Also in the latter work, the effect of EDS was atveel
only for the nonpolar compound, the release was
enhanced from small droplets; as well, the effdcthe
type of emulsifier was detected in the case of 2,3-
butanedione, so that more aroma was released vieen t
sucrose stearate was used. A subsequent analgsiedgh
that amount of linalool was greatest in the headkspx

the water matrix and smallest in the headspackeoptire

oil matrix; while the amounts of 2,3-butanedionetfire
headspaces of water and oil matrices were simiar.
significant effect of the EDS on the headspace
concentration of 2,3-butanediona or linalool was
observed.

In the case of a convergent high pressure-valve stiarp
angles as Stansted Fluid Power Ltd (92) even aehiev
pressure up to 350 MPa. However, the geometry aad t
gap size of the valve are then different from the
classically studied valve homogenizer such as tR&/-A
Gaulin homogenizer. HPH up to 350 MPa has recently
received great attention since it represents aroiitapt
innovation to be used for sterilizing produatssitu and

to modify the texture of emulsions or biopolymefs:,
food or pharmaceutical applications (50).

An study (93) reported the reduction of EDS (084 116

pm chs) with the increase in the homogenization pressure
for a matrix consisting of gum arabic—sucrose—gelat
(1:1:1) with a ratio (w/w) of 9:1 (total solids:mionene)
subjected to a range of ultra-high pressure (50MPH)
homogenization using an ultra high pressure homagen
Stansted Fluid Power Ltd. The authors observed that
emulsions homogenized at 100 MPa gave the highest
amount (84%) of limonene encapsulation after freeze
drying process. Increases in homogenization pressur
beyond 100MPa led to decreases limonene encasulati

3.1.1.2 Counter jet dispersers
Jet dispersers involve two fluid jets of the coarse

emulsion (each from opposite bores) that collidénwne
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another to disrupt particles, the diameters oflibees in

jet dispersers are typically 0.3-0.5 mm. Unlikeliah
diffusers the nozzle in jet dispersers contain raving
parts so they can be used at very high pressupe$p u
300-400MPa (54, 56, 62). For a given constant gisgo

of the emulsion the homogenizing pressure is agljust
only by means of the volume flow rate (62, 76).

Droplets are disrupted predominantly due to laminar
elongational flow ahead of the bores (56). It igyve
important to note, that it is not shown yet that timoplets
are disrupted in the elongational flow itself. Ohnet
contrary, it is more probable that the droplets are
deformed in the elongational flow regime and thea a
disrupted due to a perturbation in a zone followthg
elongational flow. Nevertheless, the elongationavfis
mandatory for droplet disruption (62).

Since the mid 1990's, the use of microfluidizers ha
gained prevalence (40). Microfluidization process i
based on the same principle that counter jet digpehbut
with different design. The equipment has two tyjpés
valves (interaction chambers). In the Y-type intdcm
chamber (Fig. 3, right) of microfluidizer the premi
stream is divided into two fluid jets at the inlet the
chamber and the fluid velocity is accelerated dueat
sudden decrease in the pipe diameter, the twonstred
liquid then collide with one another from two opjtes
microchannels leading to enhanced particle disoupti
(37,54, 56,78, 94).

In a Z-type interaction chamber (Fig. 3, left),incoming
fluid stream under high pressure is forced throagé or
more zigzag microchannel changing a few times the
direction of the flow leading to particle collisioand
shear forces able to disperse particle agglomerates
reduce particle size. Fluid emerging from thesenobkés
impacts the walls after which it is discharged frone
unit atmospheric pressures. There is no head-disioal

of two fluids streams (65, 95). Z chambers aresitadly
located downstream of one or extra Y-type chambers
(96).

(Right) interaction chambers. After Thies (95)

A number of previous studies have shown that
microfluidization is particularly efficient at criiag
ultrafine emulsions from food-grade ingredientschsu
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process is most commonly used in the pharmaceutical
industry for the production of fine emulsions betently

it has been widely used in the food industry todpice
ultrafine emulsions (29, 97).

Laminar extension flow is considered responsible fo
droplet disruption at the inlet of the chamber.idesthe
chamber the flow stream is forced by high pressure
through microchannels, changing its flow direction,
leading to enhanced particle collision and formiag
impingement plane by the collision of the two jeeams
(each with approximately 75 pm diameter). The negib
impingement is characterized by its fast dissipatad
turbulent kinetic energy. The droplet break-up @scu
during energy dissipation of the jets impinging atieg
high shear forces for droplet deformation and bngak
which can provide an exceptionally fine emulsion. |
general, inertial forces in turbulent flow along thvi
cavitation are predominantly responsible for drople
disruption in microfluidizer. Disruption in laminar
elongational flow is also possible, especially whée
emulsion has high viscosity (54, 56, 60, 98).

Due to the spatial and temporal inhomogeneity & th
pulsed microfluidic flow, it is generally necessaty
recirculate the emulsion through the region of retlear

or to pass it through the device several times.(19)

Rao and Mcclements (99) subjected to microfluididat
for three passes at63 MPa different formulation of
lemon oils (10% w/w). The authors observed that
surfactant-oil ratio and thermal treatment had goma
impact on the nature of the colloidal dispersioosred
from lemon oil. The colloidal dispersions contaimih0%

of surfactant had a droplet mean diameter extremely
small; besides, differences in the chemical contjposof
lemon oils may impact the type, stability and pmips of
colloidal dispersions formed.

In other study (100) focused in the influence afidm oil
composition on the formation and stability of aikivater
emulsions, the authors homogenized lemon oil (10wt
lemon oil-in water emulsions) with 1, 3, 5 and d0l§ at
~63MPa for three cycles. They reported that during
homogenization the mean volume-weighted particle
diameter decreased with increasing lemon oil fahd a
regards stability of storage of such emulsions this
depended strongly on lemon oil fold stability toopliet
growth increased as the oil fold increased, thegussed
that the presence of relatively high levels of lenal
constituents with low water-solubility in high foldils
may have been able to inhibit droplet growth by
generating a compositional ripening effect that axgul
the Ostwald ripening effect.

In the same way, a different study (101) abounhde oil
solubilization in mixed surfactant, the authorspaned a
10 wt% lemon oil-in-water nanoemulsion at the same
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conditions of pressure and microfluidization cyctesat
the as above and they obtained droplets with a mean
diameter of 105 nm.

Cho and Park (102) concluded that the stabilityaof
primary emulsion of five different flavors (ethyl
propionate, butyl acetate, 2-heptanone, limonems a
octanol-1) was related to a high amount of gum iarab
and the subsequent homogenization by microfluidinat
(droplet mean diameter obtained of 5.7um); as a
consequence, this influenced the stability of a
successively obtained multiple emulsion o/w/o. The
authors also observed that there were no significan
differences among different homogenization press(##
and 82 MPa) on primary emulsion stability.

Lim et al. (103) homogenized by microfluidization 4
folds orange oil a&48 MPa for five cycles mixing with
different content of modified starch and ester giimey
observed a slight reduction of mean droplet sizeisiyg
modified starch; the mean droplet diameters of all
emulsions were appreciably higher than the inéfadr 15
days storage. In the presence of >9% of ester diem t
emulsions were physically stable during storage;
however, at lower concentration the emulsions etddb
appreciable droplet growth. By mixing ester gumhwit
modified starch it was produced a stable orange oil
emulsion at starch levels from 2% to 10% (w/w).
Soottitantwat et al. (104) observed a decreasetantion

of the active principle and a higher surface oihtemt
with an increase of the emulsion droplet diametbem
they obtained microcapsules by spray-drying of D-
limonene (insoluble flavor), such behavior occurred
especially in the range of the 0.5 to 2.0 um mean
emulsion size, which indicated that, for the propel
materials, the emulsion droplet size is a signifidactor

for the retention of such flavor. In the case o #thyl
butyrate and ethyl propionate (moderately solub&per
emulsion droplets decreased the retention; howegh
retention had a maximum at the optimal value of the
mean droplet diameter, while a fine emulsion caused
decrease in the retention of both the ethyl bugyeid
ethyl propionate. The coarse emulsions were sudajetct
microfluidization process at 82.8 MPa.

In other work (105), the authors reported similesults
when subjected an emulsion of D-limonene to theesam
condition of microfluidization than above for obtaig
microcapsules of such essential oil; they concluithed,

in addition to the effect of emulsion droplet size the
retention during spray drying, the EDS also affddtee
stability of encapsulated flavor powder. The snfiavor
size in the powder showed lower stability than ldrge
flavor size.

In a study where D-limonene, together with fish wibs
used as model oil (61) they were produced finer
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emulsions using a microfluidizer from 20 to 124 MBa
1 to 4 cycles, among other results it was repoitied at
the lower energy inputs, there was a significaddgrease
(nano-range) in emulsion size; however, at higher
pressures and cycles microfluidization not only was$
helpful, but also actually led to an increase iopliet size
(Fig. 6), posterior analyses confirmed that ocalirtiee
over-processing phenomenon. The authors concludd t
moderate pressures of about 42—-63 MPa were respgpndi
better than higher or lower pressures and recitionla
cycles of 1-2 were optimum.
Jafari et al. (46) compared homogenization systams
microfluidization and ultrasound preparing an enauns
of D-limonene dispersed in an aqueous matrix of
modified starch and maltodextrin. The authors cahetl
that ultrasound was able to produce emulsions &id$
as small as microfluidized emulsions with the adsga
of no occurrence of over-processing; however, tBSE
obtained was in order of microfluidizer < ultrasduand
EDS distribution was in order of microfluidizer <
ultrasound with a main disadvantage of ultrasound
emulsions was their slightly wider distributionsdatheir
dependence on preemulsion preparation method, other
conclusion was that microfluidization at moderate
pressures (60 MPa) for minimum cycles can produce
emulsions with fairly small sizes (about 500 nm).
The limiting aspect of this technology is the press
delivered by the equipment which is linked to thoavf of
the liquid and the equipment design (78).

3.1.1.3 Orifice valves
It is the simplest construction form for a homogamgy
nozzle (Fig. 4). Like the counter-jet disperserke t
nozzle-aggregates also contains no movable pattieso
can be in use at very high pressures; howeverramgnio
the counter-jet stream, the nozzle-aggregates lzave
axial flow direction with bores that are typically3—0.5
mm in diameter and an inlet head of the orificegthat
is 10-60 mm in diameter. Laminar elongational flow
ahead of the bores is responsible for droplet gign in
those systems (37, 56, 62, 76).

Fig. 4: Scheme of orifice valve. After Shultz (76).
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With a combined orifice valve (Fig. 5) smaller mean
droplets diameters can be produced than with simple
orifices. This can be attributed to a reductiondodplet
coalescence by the turbulence chamber (76).

®—F
@ &

Fig. 5: Scheme of combined orifice valve. Afterl@hat
al. (76).

Donsi et al. (106) reported that using a Nano DeBEE
Electric Bench-top Laboratory homogenizer at 350aMP
and ten times, obtained a stable nanoemulsion (B6H
with pure D-limonene and modified starch as an
emulsifier. Also D-limonene was encapsulated, alone
blended with sunflower oil (1:1), into stable deliy
systems made of Tween 20/ glycerol monooleate based
nanoemulsions, with a very fine mean droplet diamet
(from 130 to 155 nm).

Donsi et al. (107) obtained an emulsion with a very
narrow droplet size distribution of D-limonene anahns-
cinnamaldehyde into a lipid phase composed of e

oil and different emulsifiers (soy lecithin, twe@0 and
glycerol monooleate, sucrose  palmitate  and
NUTRALYS). The authors used a Nano DeBEE Electric
Benchtop Laboratory (5 passes at 300 MPa) whichded

a mean droplet size comprised between 100 nm a@d 20
nm.

V. CONCLUSION
Thanks to these researches, it has been possible to
establish relationships that help to understand the
mechanism of stability of dispersed systems in otde
mitigate those phenomena that cause deficiencighen
kinetic behavior of such systems, and that resulbss of
product quality. This could allow the incorporatiarf
appropriate models that provide the critical poentsl the
main factors for scaling high pressure homogeropati
technologies at industrial level.
This review allows analyzing that it is possibleapply
high-pressure homogenization process in emulsion
flavored systems to improve their stability andréduce
emulsion droplet size; however, increasing the
homogenization pressure and number of passes t@scyc
could be detrimental to these parameters.
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Other factors that could have an important impatt o
stability and droplet size during high pressure
homogenization are type and ratio of wall mateaat
emulsifier, both as a mixture or alone. Nature et of
flavor principle may influence the final result®to

The so named radial diffusers (or standard nozzes)
the most widespread systems for high pressure
homogenization of flavored emulsions, and exist a
number of works that report the use of differengetyof
radial diffusers valves in the flavored emulsiorsteyns;

in contrast, in the valves with a jet dispersed@onation

it was found that microfluidizer (a counter-system)
prevails over other systems in the same categatyatso

is clear that microfluidizers are the most usedhhi
pressure homogenizers in research works on the
improvement of stability and emulsion droplet sire
flavored emulsions, currently. Conversely, orificaves

are the homogenization systems that it has besruke,

so there may be a great opportunity in this aresiuafy.

It is interesting that a large percentage of swadiehigh
pressure homogenization have been focused on oitric
(as orange oil and lemon oil) and limonene as taqfavil
phase. It would be expected that the study of tfeets of
high pressure homogenization shall be extended to a
wider range of essential oils, plant extracts, dlivg
compound and raw materials. Besides it is expetitad
increase the number of studies about sensory and
analytical analyses that report the effect of higbssure
homogenization on flavor molecules e.g. oxidatimmeak

up and off-flavor formation.

It is important to point that compounds which intpar
aroma could possess some biological activity and,
although currently there are groups investigatingttus
topic, the effect that high pressure homogenizatay
generate over such activity could be a promisietdfof
research.

Despite most reports recommend a moderate
homogenization pressure and a few passes or cybkes,
emerging of equipment that can reach ultra-high
homogenization pressures allows for collecting
information about working with emulsions of flavor
compounds at such conditions.
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