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Application 1 - Encapsulation of orange
essential oll

Reference dEncapsulatiorefficiency and thermal stability of orange essentialoil

microencapsulatedby spraydryingand by coacervatiorg Muller PS, PerusselldCA.,
ZawadzkBF, ScheelA.P. Boletimdo Centrode Pesquisa&m Alimentos 33(2), 2016

U Orangeessentiabil (OEL)s aformulationingredientin foods,householdcleaners
and bath products Canalso be administered orally to help boost immunity,
alleviateanxiety,angeranddepressiomandrelaxmuscularandnervousspams

U Brazilisthe third largestexporter of essentialoil in the world, after only the USA
and France 91%of the whole productionconsistsof essentialoil of citrus, mainly
orangeq80%), by-productsof the juiceindustry.

In the food industry, OEL

A Enhancesaroma and flavour of citric juices,

"4
: soft drinks, candies, ice creams, cakes and
biscuits
— A However is highly volatile , thermal
- 4 gnly

sensitivity



Objective of this research Assessquality of OELobtained by two different
methods,coacervatiorand SD

Methods for obtaining the microparticles
Microencapsulation

method _arrier Crosslinking agent Drying method
- starch and Spray drying
Spray drying K altodesdrin ) None (150°C)
Coacervation Sodium alginate CaClz 1% Oven (30°C]

Carriermaterialsare different accordingo the encapsulatiormethod!

Differentencapsulatiormethodswill resultin different:

U Morphologyandsizeof the microparticles
U Encapsulatiorefficiency
U Releasanechanism@&ndrates

The best method will depend

4 FOOD on the productapplication
%sta rs
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U Encapsulatiorby spray-drying

dl Starch+ OEL

Hot air

/] ‘ N Polymer/OEL
- L ]
L

microspheres

*. 04 ° . Cyclone
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Maltodextrin: low cost, low hygroscopicity
Maltodextrin + bind to aromatic compounds,low viscosity
at high concentrations, forms a film
protecting the volatile material, antioxidant
effect, retain volatiles (80 to 100%),
howeverdoesnot actasan emulsifier.

Modified starch stabilizes
emulsions (surfactant
effects), low viscosity,
good solubility in water,
retention of volatiles over
93% encapsulating and
surfactant effects, but
exerts little protection
against oxidation during

storage

Maltodextrin + Starch




U Encapsulatiorby coacervation

Sodiumalginate forms hydrogels,films, spheres,micro and
nanoparticlesin the presenceof ions suchas Ca*, slightly
hygroscopic, bind to aromatic compounds, low cost,
antioxidanteffect, retainsvolatiles (70-100 %), high viscosity
at highconcentrations

Sodium alginate +
Tween 80 + OEL

r il ﬂ '\ # /d ] '

Crosslinking agent CaCJ helps forming
bonds that link one polymer chain to
another

Encapsulated oil .
Tween 80: non-ionic surfactant

polysorbate 80 was used to
stabilize the oil-water emulsion
prior to coacervation

Calcium Algin:ate ™
S

Calcium Chiaride Solutlon C.\ET/\& i
O/A emulsion formed

5 by SA +
4 CaCJ+ Tween 80 +
OEL

CaCl, solution

b




U Morphology(SEMandsizing(OM)

Spraydrying = microspheres of 1.02 pm
averagediameter(0.31to 1.89 um)

Coacervation = microcapsules 90863 pum

n averagediameter(346.37to 1867.31 um)

v.f’-ﬁ"\ .5“1?‘.“; |

coacervation

¢ 27
g . o
0‘% e di0 ), pm di0S), pm di09), pm Uniformity
fg\%‘ fl Spray-drying 0.3 .85 1.89 .89
Coacervation 346 37 S04 .21 1867 .31 058
>,




U Thermalanalysig TGA+ DSC)

U Forthe pure essentialoil there was one single step of massloss of 909
whichcorresponddgo the volatilizationoccurredbetween32°Cand 101°C

TGA TA
mg
.00
+E!l'.'r 800
6.00 —_
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\ 0
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200 0.00
32°C 101°C

Thermogravimetricanalysis for the pure orange essentiail
(10°C/min, synthetic air, 3G00°C, 100 mL/min)



U Forthe essentialoil encapsulatedoy spray-drying there were three thermal
events

U Masslossof 10%between30and200°C Encapsulatiofncreased IDT
U Masslossof 75%between208and435°C from 32 to 2068C:total mass
U Masslossof 15%between435and496°C. | loss decreaseffom 90 to 88%.

TGA
=g

€00
’exo 100 00

_— DT =208C
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Thermogravimetricanalysis for theorangeessentialoil encapsulated by SD
(1°C/min, synthetic air30-600°C, 100 mL/min)



U Forthe essentialoil encapsulatedoy coacervationthere were four thermal
events

I Masslossof 6%between30and100°C, Encapsulation increased DT

u
U Masslossof 32%between100and29C°C, from 32 to 206°C total mass
U

1 Masslossof 9%between500and 60C°C,

TGA
3

- ’exo

IDT = 208C

4.00

200

200 | 1 s -
0.00 “100.00 200.00 300.00 400,00 $60.00 $00.00

69°C 280°C 492°C 58/7C

Thermogravimetricanalysis for theorangeessentialoil encapsulated bycoacervation
(10°C/min, synthetic air30-600°C, 100 mL/min)



U Resultsfrom TGAanalysis
U Total masslossdecreasedafter encapsulation 90% pure essentialoil X 88%
SDX48%coacervation

U IDT increased after encapsulation 32°C pure essential oil X 206°C
encapsulateabil;

U Dueto crosslinkingthe coacervatednicroparticlesprotected more efficiently
the OEL(presenceof an outer layer),resultingin a higherthermal stability for
the productrespectto the spraydried particles

COACERVATION SPRAY-DRYING

Polymeric net
Membrane

Q0
70
e
Active material O Dispersed active material
contained in
thecapsule Microcapsule Microsphere

A
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U Resultdrom the DS@Gnalysis

U The endothermic peaks are shifted to the left when comparing the
microparticleswith essentialoil to the control samplestherefore the process
promotedan interactionbetweenthe carrierpolymersandthe essentialolil;

U Theessentialoil encapsulatedoy coacervationpresentedhigher boiling point
and IDTrespectto the pure essentiabil andthe OElencapsulatedy SD

T e e = Orange essential oil

LI
- E
-,

______________

Microparbicle by =[rdy dryer - contral

Microparbcle by coacervation - conlrol

—_—

heat flux (u.a.)

100 ' ' 200 ' ' 300

ternperature (*C)

Differential Scanning calorimetrianalysis(10°C/min, synthetic ait30-600°C, 100 mL/min)



U Compositionof the OELg GC/MS

U Agaschromatographprovidedthe massspectraof the compounds
U Retention times of standardorangeessentialoil and sampleswere compared

usinga massspectradatabank(NIST)

MWass percentage Yo

Component Reported by encaBsEIiTartEinn Cnaigri;tinn g reuﬂld-:t;iarr in
Bertolini (2001) Pi a0 s H fSDﬁ‘ d
Ethanal 0.100% ] M ]
Ethyl Acetate 0.005% ] M ]
Acetal 0.002% ] M ]
Hexanal 0.020% M 0 M ]
Acetate Butyrate 0.100% M) [ W,
Trans-2-hexenal 0..005% M L] L]
Alpha-pinene 0.400% 0.447+0.003%2 0.339+0002% 0.331+0.003%¢®
Eeta-pinene MO 0461+0.007% 2 0.360+0 008% & 0.356+0 005%
Trans-isolimonene MO 0.046+0.001% @ 0.046+0.003% 2 003240 001%¢®
Sahinene 0.400% ] M ]
Mircene 1.800% 1.7B7H0.011% 2 1 B51+0.007% b 1 B72+0.006% b
Cctanal 0.500% 0.291+0.004% 2 0.288+0.005% 2 0.288+0.002% 2
Fseudo- limonene e 0.087+0.001% 2 0.087+0.001% = 0.078+0.002% b
O-limanene 893.600% 95 930+0.013% = 95.781+0.009%°b 95 (2240 003% ©
Linalal 0.500% 0.325+0.012% @ 0.324+0.013% = 0.308+0.0049% &
Alpha-terpineo! MO 0.048+0.001% @ 0.039+0 001%¢® 0.041+0 002%¢®
Decanal 0.600% ] M M
1-dodecene MO 0.265+0.00F% @ 0.265+0.004% 2 0.258+0.003% 2
Meral 0.200% 0.229+0.004% 2 0.228+0.003% 2 0.236+0 005% ®
Seranial 0.100% 0.103+0.003% 2 0.101+0.001% 2 0.098+0.002% 2
Walencene 1.700% ] M ]
TOTAL 100.000% 899999+0 005% =  99.510+0.005%°% 89.320+0.004% =

Analysisconditions injectiontemperature 250°C, injection volume 0.5 > [ CRSIIBCBfusedsilicacolumn(0.25 mm of internal diameter,30 m of length and

Oil composition
may vary
according to
harvesting
time,
climate,
extraction
methods and
other factors

soll,

0.25> Yof liquid film), heliumasa carriergasat a flow of 1.0 mL/min,columntemperature40°Cto 300°C(20°C/min)remainingfor 45 minat 300°C




U Encapsulatiorefficiency¢ GC/MSdetector

0 Extractionconditions

A samplesf 1 g extractedwith 2.4 g of ethanot

A sampleand syringetemperature35°C,

A incubationperiod 10 min, stirring 500rpm each20 seg
A extractedsamplesvere quantifiedby GC/MS

oo rE — " oo - 99.32%0 for spray drying versus 99.51% for
’ meE, coacervation

U Payload¢ GC/MSdetector

0 SDmicrospheres-16.4%
o Coacervatednicrocapsules 80.0%

A
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U Conclusions

o0 Polymeric microparticles containing orange essential oil were successfully
obtainedeither by spraydryingor coacervation

V Higher thermal stability (oxidation) than the pure OELfor both
methods IDTincreasedrom 32to 206°C

V Different sizesand morphologies spraydried microspheres of 1.02
Lm versuscoacervatedmicrocapsule®f 90863 um;

V Different encapsulationefficiencies 99.32% for spraydrying versus
99.51%for coacervation

V Different payloads 16.4% for spray drying versus 80.0% for
coacervation

o D-limonenewasidentified asthe h 9 [nfad compound(95.7%), followed by
mircene(1.7%);

o Thehigherthermal stability of the coacervatedmicroparticlesis attributed to
crosslinking

o The encapsulationmethod must be chosenbasingon the final use of the
product, productionrate andsystemcost



Practical applications - 2

U Microencapsulatiorof the probiotic strain Lactobacillugeuteri

o Wallmaterials alginate(MC)and chitosanalginate(CMQ;

0 Method: vibrationnozzle(alaminarflowing jet liquid breaksup into equalsize
droplets by a superimposedyvibration, the selectable vibration frequency
determinesthe quantity of dropletsproduced e.g. 700Hz=700droplets/s

0 Goal enhancesurvivalin foodsandin gastrointestinakenvironment

o Viability was tested for 28 days storage in different solutions simulating
gastrointestinalkconditions

0 Results 100% survivalrate, encapsulationefficiencyof 99% for MC and 92%
for CMC

Alginate Chitosan

Reference De Priscoet al. (2015. Microencapsulationby

vibrating technology of the probiotic strain Lactobacillus
reuteri DSM17938to enhanceits survivalin foods and in

gastrointestinal environment LWT - Food Science and

Technology61 (2019, 452-462




Practical applications - 3

U Microencapsulatiorof antioxidantmushroomextracts

o Wallmateriat maltodextrin

o Core materiat hydroalcoholic extracts of two mushrooms species, Suillus
luteusand Coprinopsigtramentarig

0 Method: spraydrying
o0 Goal studythe antioxidanteffectin cottagecheese

0 Resultl: the spraydryingof the extractsusingan extract/maltodextrinratio of
1/20 and an inlet temperature of 17C°C resulted in good encapsulation
efficiency(43.5-62.6%);

0 Result2: Table 2

Antioddant activity, expressed as ECoo values (mgfml), of microencapsulated { Mic) individual and combined extracds

prepared from 5. futews (51) and C. atramenteria (Ca).

Assay Mic Sl Mic Ca Mic 51+ Mic Ca(1:1)

Expl:rlmml\ Effedt

DPPH radical scavenging actvity 2.13 £ 0.06 236+ 016 204+ 0.04 5E
Reducing power 0.85 + 0. 078 + 0,01 0.83 +0.02 AE

Reference Ribeiro et al. (2015. Spraydrying microencapsulationof synergisticantioxidant mushroom
extractsandtheir useasfunctionalfood ingredients FoodChemistry,188 612-618.




Practical applications - 4

U Microencapsulatiorof bioactivecompoundsrom blackberry

o Coremateriat blackberry(rubusfruticosug agueousextract+ 2%citric acid

o Wall materiat gum arabic (GA)and polydextrose(PD)at concentrations10
and15%

0 Method: spraydryingat 140to 160°C

0 Result 1. anthocyanins retention in the microcapsuleswas 87832-
130083 mg/100 g, and phenolics retention was 210656-242922 mg
(GAE)L100g;

0 Result2: antioxidantactivity DDPHrom 31.28 to 40.26 % and ABTSrom 27
to 45.15%

0 Result3: the best encapsulationcondition was atomization at 140 °C and
15%gumarabic

Reference Rigonand Norefia (2015. Microencapsulationby spraydrying of bioactive compounds
extractedfrom blackberry(rubusfruticosug. Journalof FoodScienceand Technology53(3), 15151524




Practical applications - 5

U Microencapsulatiorof canolaoil by spraydrying

0

Peroxide value (meq active Oo/kg)

Encapsulatiormaterial lentil protein isolateand maltodextrinwith/without lecithin
and/or sodiumalginate

Method: spraydryingat 180°C,

Result 1: lentil protein + maltodextrin + sodium alginate resulted in the highest

entrapmentefficiency(88%);

Result 2: lentil protein + maltodextrin + alginate microcapsulesshowed better
oxidative stability and had a stronger wall structure than the lentil protein +

maltodextrinmicrocapsules

14

12

10+

—a— Canola il
—{— LPI-MD
—p— LPI-MD-5A

20 0

Time (day)

Reference Changet al. (2016.
Microencapsulationof canolaoil
by lentil protein isolatebased
wall materials Food Chemistry,
212, 264-275.




Practical applications - 6

U Microencapsulatiorof lacticacidbacteriain liposomes o

0

o

Core materiat concentrated form of cell free extract (CFE)derived from
attenuatedLactococcufactissupsb lactis303CFE

Wall materiat two different proliposomepreparations(Prolipo S= 30% (w/w)

unsaturatedsoybeanphospholipidsand 70% (w/w) aqueousmedig Prolipo
Duo=50% (w/w) unsaturatedsoybeanphospholipidsand 50% (w/w) aqueous
media)

Method: liposomesmicrofluidization

Result1: the encapsulatedLABpartitioned within the curd during Cheddar
cheeseproductionandpreventedexcessiveéossenf CFENto the whey,

Result2: better flavour development(sensoryand volatile attributes) in the
liposomalencapsulatedCFEEheeses/ersusControlcheeses

Result3: Intact liposomeswere foundin the cheeseup to 28 daysof ripening

Reference Nongoniermaet al. (2013. Encapsulationof a lactic acid bacteria celHree extract in
liposomesandusein cheddarcheeseripening. Foods,2, 100-119.




