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An investigation into the stability of an oregano essential oil
emulsion for the preparation of microparticles using spray drying.
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ABSTRACT

Original Article

The objective of this study was to evaluate the viscosity, zeta potential and soluble and total solids of the emulsion and
microparticles of oregano essential oil (Origanum vulgare) using gum arabic as a coating agent and to analyze the morphology
of the microparticles produced by the spray drying method. The rheological analysis showed a viscosity for emulsion of
36.23 + 0.59 mPas and for microparticles of 20.13 £ 0.15 mPa.s. The zeta potential of the emulsion was - 6.67 * 0.32 mV
and of the oregano oil microparticles -16.47 £ 0.70 mV. Soluble solids showed Brix® of 8.44 = 0.13 and 0.98 £ 0.36 and total
solids 8.95 + 0.42 and 1.03 + 0.02 % for emulsion and microparticles, respectively. The morphology of the microparticles

presented irregular spherical shapes and agglomeration.
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INTRODUCTION

Essential oils extracted from plants such as spices are
composed of acomplex mixture of volatile compounds
such as hydrocarbons, aldehydes, simple
alcohols, phenols, terpenes, esters and organic acids in
a wide range of concentrations (1). The essential oil of

ketones,

oregano (Origanum vulgare 1) is rich in the nutraceutical
compounds thymol and carvacrol making it stand out
when compared with other extracted essential oils
from other biomasses (2). These beneficial compounds
are responsible for the characteristic taste and odor, as
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well as, established antimicrobial (3, 4) and antioxidant
activity (5).

However, the industrial application of essential oils in
general and, in particular for oregano, is limited due
to its intrinsic physicochemical characteristics, such
as high volatility (6) and low solubility in water (7).
Microencapsulation of oregano oil could be a useful
method to improve the retention of its compounds, to
enhance its solubility in water and to enable a controlled
release formulation (8, 9, 10) in order to maximize its
biological action.

Microencapsulation consists of coating a solid, liquid
or gaseous active ingredient by adding coating agents
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to form small particles categorized as macro (> 5000
pum), micro (0.2 to 5000 pm), and nano (< 5000pm) (8).
Microencapsulation using coating agents protect the
active ingredient promoting its release at a controlled
rate under specific conditions (10).

Several physical, chemical and physicochemical
methods of microencapsulation are available for
the retention of hydrophobic compounds. Among
these methods the most suitable for use in the food
industry, particularly if the bioactive compounds to
be encapsulated are liquids, are spray-chilling, spray-

cooling or spray drying (11).

In the food industry spray drying is one of the most
used methods for the microencapsulation of essential
oils (12, 13, 14) since it provides a rapid evaporation
of water and maintains a low temperature within the
particles, providing a greater retention of color, flavor
and nutrients. The process consists of pumping the
fluid material into the drying chamber through an
atomization system, removing the moisture from
the material, breaking it into small droplets and
obtaining a dry powder, whose quality depends on the
characteristics of the feed fluid (i.e., viscosity and flow
rate), drying air (i.e., temperature, pressure, air flow),
the contact between hot air and droplets in the drying
chamber (either concurrent or countercurrent), and

the type of equipment used (15).

The application of microencapsulation in the food
industry is highly desirable for improving the stability of
compounds, protecting against adverse environmental
factors such as light, heat, moisture and oxygen (16,
17, 18), which increases the useful shelf life of such
compounds in addition to creating differentiated and
attractive products to the consumer. Currently the
process is already widely used at industrial scale in
the form of the encapsulation of dyes, sweeteners,
microorganisms and essential oils (10). In the
preparation of emulsions to be microencapsulated the
gum Arabic is widely used, and its application in the
food industry occurs due to the advantages conferred
by the emulsion, such as viscosity and stability (19, 20).

In this context, the objective of this work was to
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evaluate the stability, viscosity and morphology of the
emulsion and microparticles of oregano essential oil
and gum arabic produced by spray drying.

MATERIAL AND METHODS

Materials

The essential oil of oregano (Origanum vulgare 1..)
was obtained from Laszlo Aromatherapy Ltda. (Belo
Horizonte, Brazil) and was used as the active ingredient
for the spray drying, and gum arabic in powder format
was added as a coating agent (Contemporary Chemistry
Dynamics LTDA).

Production of microparticles from the oregano
essential oil

Initially gum arabic was hydrated in deionized water
for approximately 12 hours in a refrigerator (10 to
12°C). Then the curated coating agent was dissolved
in 900 mL deionized water at 60-70°C using a Turratec
homogenizer (Tecnal, TE 102, Brazil) at a rotation
speed of 20000 RPM for 30 minutes.

The proportion of the coating agent and the process
parameters used in the production of the oregano
essential oil microparticles were optimized to obtain
the desirable characteristics of the microparticles that
would retain as much of the essential oil as possible
and exhibit low water activity (21).

The coating agent was used at a concentration of
100% gum arabic. After a complete dissolution of the
coating agent at a temperature close to 10°C, 10 mL of
the oregano essential oil was added until a completely
homogeneous emulsion was obtained at a rotation
of 20000 RPM for 5 minutes, forming the oregano
essential oil emulsion.

The emulsion formed was spray dried usinga LABMAQ
Brazil, model MSD 0.5 (Ribeirdo Preto, Sao Paulo,
Brazil), fitted with a dual-fluid nozzle spraying system
and an opening of 1.0 mm. The operating conditions
of the equipment were: air inlet temperature at 120 *
3°C, drying air flow rate was maintained at 2.0 m’/min,
flow rate £ 30 L/min, feed flow rate was adjusted to
0.50 Lh and the compressed air pressure to the spray
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flow was 2-4 bar.

After processing, the powder obtained was stored under
refrigeration (4 to 7°C) in glass flasks protected from
light, water vapor and gas permeation, to minimize
possible changes in the material, such as agglomeration
caused by the absorption of water, and oxidation. The
analyzes were performed later.

Properties and stability of emulsionand microparticles
of oregano essential oil

The stability and viscosity of the emulsion and oregano
essential oil microparticles were evaluated, respectively,
through the zeta potential and rotational rheometer.
Soluble solids, total solids and morphology of the
emulsion and microparticles were also analyzed.

Rheology

Therheologicalbehavior of the samples was determined
using a rotational rheometer (LamyRheology, model
RM 200, France), with a concentric tube 1 and spindle
2 (DIN system). The samples were analyzed at a
temperature of + 19.5°C and subjected to a strain rate
of 531 s-1 for 20 seconds.

Zeta potential

Zeta potential was analyzed using the Zetasizer Nano-
ZS equipment (Malvern Instruments, UK). Analyzes
occurred at a temperature of approximately 25°C. The
emulsion was analyzed in concentrated form and the
microparticles were rehydrated at a ratio of 1:100 mL
of deionized water.

Soluble solids and total solids

The determination of soluble solids was carried out
by refractometry according to the method 932.12,
from the Association of Official Analytical Chemists
- AOAC (22) using the analog refractometer (Edutec
model EEQ9030). The total solids were determined
by the gravimetric method, by drying the sample in a
vacuum oven at 55°C until constant weight (23).

Morphology

The morphology of the emulsion was analyzed using
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a optical microscopy on a Nikon microscope (Eclipse
E200MYV, Tokyo, Japan). Two drops of the emulsion
were placed on the blades, covered with coverslips and
viewed at 40X magnification. The images were captured
by the TSView7 program. In relation to microparticles,
the morphology was assessed using scanning electron
microscopy TESCAM (VEGA LMH model) available
in the multiuser laboratory of advanced microscopy of
the Federal University of the Valley Jequitinhonha and
Mucuri, Brazil. The powder was placed under a double-
sided adhesive tape fixated on stub and coated with
gold. The samples were observed in the microscope
operated at 30 kV with magnification of 1000X and
2000X.

Statistical analysis

The results were analyzed by analysis of variance with
software Statistica® 8.0 (Statsoft Inc., Tulsa, USA).
The mean analysis was performed using Tukey’s test at
significance level p < 0.05.

RESULTS AND DISCUSSION

Rheology

The determination of the viscosity of the essential
oil as part of the rheological study is important, since
this parameter affects directly the microencapsulation
efficiency. A lower viscosity (10.33 mPa.s) causes
the diffusion of essential oil droplets towards the
surface of the particle, reducing the efficiency of
the microencapsulation (24), on the other hand, high
viscosity can generate particles with high moisture
content (25, 24, 26). As stated, viscosity can directly
impact the encapsulation efficiency, resulting as an end-
result as a greater agglomeration of the microparticles.
Thus, for fine-tuning of the atomization step it is
desirable for the essential oil to have a viscosity of less
than 300 mPa.s (27).

The emulsion of the essential oregano oil in this
study had an average viscosity of 36.23 £ 0.59 mPa.s
(Table 1), considered within an acceptable range for
an efficient microencapsulation process. As was shown
by Flores ¢f al., the viscosity of chitosan emulsion with
carvacrol was 0.067 to 0.101 Pa.s. The authots also
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measured viscosity to check if this parameter was in
the suitable range to proceed with microencapsulation
process (28). Battista ¢f al, also determined viscosity
for a phytosterol spray drying microencapsulation with
gum Arabic, maltodextrin and a surfactant (employed
in different concentrations) (27). The viscosity in
these suspensions ranged from 16.83 £ 0.22 to 41.30
+ 1.44 mPa.s. The rehydrated microparticles had an
average viscosity of 20.13 * 0.15 mPa.s (Table 1) also
considered as an appropriate viscosity.

Table 1 Properties of the emulsion and microparticles of
oregano essential oil and gum arabic.

PROPERTIES EMULSION MICROPARTICLES
Rheology (mPa.s) 36.23 + 0.59 20.13+0.15
Potential Zeta (mV) -6.67 £ 0.32 -16.47 £ 0.70
Solubles solids ("Brix) 8.44+0.13 0.98 +0.36
Total solids (%) 8.95+0.42 1.03 £ 0.02

“and” indicates a significant difference between the mean values of the
Tukey’s test results (p < 0.05).

The viscosity value is consistent with that referenced
by Battista ¢z a/, indicating, therefore, that the emulsion
and hydrated oregano essential oil microparticles had a
proper viscosity for microencapsulation (27).

Zeta potential

Zeta potential is related to the surface charge of the
particle commonly used to ensure the stability of the
colloidal system (29). Such charge stabilization can be
achieved at zeta potential values around 30 mV (29,
30) and is influenced by the chemical properties of
coating materials, stabilizing agents and pH (31).

The zeta potential value for the emulsion of essential
oregano oil analyzed was - 6.67 £ 0.32 mV (Table 1),
considered an unstable emulsion. Sankar ez @/, analyzed
nanoparticles of essential oregano oil and found a
zeta potential of -26 * 0,77 mV (32), meanwhile
Millan-Sango e al, obtained zeta potential value in
nanoemulsions of essential oregano oil ranging from
-25.93 £ 4.88 to -35.6 = 3.73 mV, resulting in particles
with enhanced stability (33).
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Regarding the oregano oil microparticles in this
study, the zeta potential value was -16.47 + 0.70 mV
(Table 1), indicating a better stability compared with
the non-encapsulated oil. Stability of nutraceutical
oil microparticles was also analyzed by other studies
in the literature. Cazado and Pinho evaluated babassu
oil microparticles obtaining a zeta potential of -42.4 *
3.02 mV (34) and Lai ef al,, had a value of -25.49 mV
(* 2.02 mV), -21.51 mV (£2.02 mV), and -22.02 mV
(£6.27 mV) for alginate, casein and milk microparticles,
respectively (35).

It was observed that even with an unstable emulsion,
characterized by the low zeta potential value, there was
an improvement in stability after microencapsulation
which is important to promote greater conservation
of the volatile compounds of the oregano essential
oil, envisioning long-term stability for oregano
essential oil. The low value of the zeta potential for the
emulsion can be attributed to gum arabic, the coating
agent used. This material promotes the generation of
microparticles with a low zeta potential value. In turn,
the improvement in stability of the microparticles in
comparison to the emulsion may have been influenced
by the change of viscosity after microencapsulation

(17).
Soluble and total solids

Determination of soluble and total solids content, is
needed to evaluate the efficiency of microencapsulation
(36). Soluble solids of the emulsion and essential
oregano oil microparticles had a mean of 8.44 = 0.13
and 0.98 £ 0.36 “Brix (Table 1), respectively. For a
similar emulsion Jacomino e# 4/, obtained a value of
8.82 "Brix, which is close to that found in this study.
Regarding total solids, the emulsion and microparticles
presented the respective mean values of 8.95 * 0.42
and 1.03 £ 0.02 (Table 1).

Azeredo explained that the greater the solids content in
an emulsion, the shorter the time required to form the
microparticles, which favors the retention of the volatile
compounds (38). In addition, Jafari ¢ @/, confirmed
that the increase in solids concentration is relevant for
obtaining an optimum viscosity attribute (39).
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Figure 1 Microscopy optical of microparticles of oregano es-
sential oil and gum arabic.

Powder morphology

Figure 1 shows the morphology of the drops of the
oregano essential oil emulsion which are characterized
by rounded, dispersed and droplets of various sizes.
According to Silva e al, and McClements emulsion
droplets influence rheological properties (viscosity),
stability (gravitational separation, flocculation and
coalescence) and optical properties (lightness and
color) (10, 40).

Figure 2 shows the scanning electron microscopy
morphology of the powders produced with essential
oregano oil and gum arabic. The microparticles shows
a spherical shape and a concave and rough surface,
characteristics of spray drying, which according to
Frascareli e al., results from the rapid evaporation of
water during drying (41).

Figure 2 SEM morphology of microparticles of oregano essen-

tial oil and gum arabic.
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Itis possible to visualize that most of the microparticles
presented an irregular spherical shape, absence of
cracks, varied sizes and agglomeration. Li ez al,
explained that the concave surface is an advantage of
the spray drying because it contributes to reducing the
permeability to gases and promotes a better protection
of the active ingredient (30).

Similar morphology to that of this study was observed
in fish oil microparticles (36), coffee oil (41), green
coffee oil (10), jussara pulp and anthocyanin (42). All
these studies of microencapsulation used gum arabic
as a coating material alone or in combination with
other agents.

CONCLUSIONS

The viscosity of the rehydrated microparticles was
lower compared to the viscosity of the emulsion.
The emulsion presented less stability compared to the
microparticles. The solids content of the emulsion
was decisive for obtaining a suitable viscosity in the
spray drying. In addition, the morphological evidenced
microparticles of irregular shape, varied sizes and
agglomerated characteristics of spray drying.

The microencapsulation of the oregano essential oil
as food ingredient was satisfactory, giving relevance to
the work and with possibilities of future applications
in the design of novel food products with enhanced
stability and industrial relevance.

ACKNOWLEDGEMENTS

The authors wish to thank the support from LMMA
sponsored by FAPEMIG (CEX-112-10), SECTES/
MG and RQ-MG (FAPEMIG: CEX-RED-00010-14).
This study was financed in part by the Brazilian
agency CAPES (Finance Code 001) and by grants
from FAPEMIG and CNPq. The authors also wish to
thank FAPEMIG for support for this study (Project
Universal APQ-03329-16). None of the above support
affects the integrity of the work submitted.

CONFLICT OF INTEREST

The authors report no declarations of interest

This Journal is © IPEC-Americas

December 2022

J. Excipients and Food Chem. 13 (4) 2022 103



REFERENCES

Pozzo, M.D., Viégas, J., Santurio, D.F,, Rossatto, L., Soares,
LH., Alves, S.H., and Costa, M.M., Antimicrobial activity
of essential oils of condiments against Staphylococcus spp

14

Original Article

technology. Food Bioscience, 2016. 13: p. 76-83.

Kaderides, K., and Goula, A.M., Development and characterization
of a new encapsulating agent from orange juice by-products. Food
Research International, 2017. 100(1): p. 612-622.

; . - i 15 Ferrari, C.C., Germer, SPM., and Aguirre, .M., Effects of
zsglagedz from caprine mastitis. Rural Science, 2011. 41(4): p. spray-drying conditions on the physicochemical properties of blackberry
767 powder. Drying Technology, 2012. 30(2): p. 1237-1245.
2 ﬁsenSi(;z CfM G,“’S;O’ ?'R" and Juiani, I;“? /Q;’”ﬁg 16 Dias, ML, Ferreira, LCER., and Barreiro, M.E,
TOSCTVATIon O] O1ZAMIC COTIage COCLSe MSINE OTe8ano esseritial o1is. TOO Microencapsulation of bioactives for food applications. Food Function,
Science and Technology, 2015. 60: p. 664-671. 2015. 6(4): p. 1035-1052.
3 Camposf‘RequenaAVH"ijas BL, Pérez M.A., FigueroaCR., 17 ggevinho, BN, Damas, A.M., Martins, P, and Rocha, E,
223 zyj;;e;tijzjfoégf: 3:;6:(502 :Z;igfﬁ?;ib;‘;i%;i;{;;fgz;j{ Mzkm;nmpw/dﬂon of ﬁg:lz/affoﬁ'da&il with different }iliopo()ﬁ/fzerg 4{7] a
-dryi; . F R Int ti 2014. 64: p.
mold. Food Science and Technology, 2015. 64(1): p. 390-396. $pray-arying process. £0od Research Tnternational, p
134-140.
4 ?Ce}rnéndgz,fl.H., S?nzélefs;g.cR}.,Lﬁ.daverde, 1;V’ LegzrreFa,j 18 Desai, K.GH., and Park, H.J; Recent developments in
G, ot A, DG, Mg, o] it o i e il 207
i 7): p. 1361-1394.
graveolens H.B.K.) and Eunropean (Origanum vulgare 1..) oregano (7:p
essential oils. The Scientific World Journal, 2014. 2014: p. 1-12. 19 Makri, E.A., and Doxastakis, G.1., Study of emulsions stabilized
5 Han E. Ma G-O. Y M. Yan. L. Xi Shu. 1.C with Phaseolus vulgaris or Phaseolus coccinens with the addition of
Z}i;lc’) Z’ Da,an d_ %1’1 I—aInI%, 5/?5;:2; ) c;ﬂpo;zr‘;ag;; :Zc’l am‘;;cgz_la;t Arabic gum, locust bean gunz, and xanthan gum. Food Hydrocolloids,
e 2 2006. 20(8): p. 1141-1152.
activities of essential oils from different parts of the oregano. Journal ®:p
of Zhejiang University-SCIENCE B (Biomedicine & 20 Sukhotu, R,, Guo, S., Xing, J., Hu, Q., Wang, R., Shi, X,,
Biotechnology), 2017. 18(1): p. 79-84. Nishinari, K., Fang, Y., and Guo, S., Changes in phisiochemical
.. ) properties and stability of peanut oil body emulsions by applying gum
6 Hijo, A A.CT,, Costa, ]M.G., Silva, E.K., Azevedo, V.M., bie. LT - Food Sai d Technol 2016. 68(7). 432-
Yoshida, M.1., and Botges, S.V., Physical and thermal properties of ngs 1 ood Saence and techinology, - 68(7),
oregano (Origanum vulgare 1..) essential oil microparticles. Journal of '
Food Process Engineering, 2014. 38(1): p. 1-10 21 Costa, JM.G., Borges, S.V.,, Hijo, A.A.CT., Silva, EK,,
M G.R., Cirillo, M.A. d Azevedo, V.M., Matri:
7 Char, C, Cisternas, L., Pérez, F, and Guerrero, S., Effect of arques, ik, LATHO, » 40 zevedo, » almx
. D - structure selection in the microparticles of essential oil oregano produced
;}%ﬂ/gﬁgg‘zlog iZ é/;e aml‘zgféﬂiogb;a/ activity of carvacrol. Journal of by spray dryer. ] Microencapsul, 2013. 30(8): p. 717-727.
ood, . : p. 186-192.
. 22 AOAC Association of Official Analytical Chemistry. Official Methods
8 Etchepare, M.H., Menezes, M.S.EC., Rodrlgues, .L.Z., of Analysis. 1997, 16° ed., Washington DC, EUA.
Codevilla, C.E, and Menezes, CR., Microencapsulation of
bioactive componnds by the extrusion method. Science and Nature, 23 AOAC Association of Official Analytical Chemists. Official methods
2015. 37: p. 97-105. of analysis. 1998, 16° ed., Washington DC, EUA.
9 Madene, A., Jacquot, M., Scher, J., and Desobry, S., Flavour 24 Janiszewska, E., Jedlinska, A., and Witrowa-Rajchert, D., Effect
encapsulation and controlled release — a review. International Journal of homagenization parameters on selected physical properties of lemon
of Food Science and Technology, 2006. 41: p. 1-21. aroma powder. Food and Bioproducts Processing, 2015. 94: p.
405-413.
10 Silva, V.M., Vieira, G.S., and Hubinger, M.D., Influence of
different combinations of wall materials and homogenisation pressure 25 Finney, ]., Buffo, R., and Reineccius, G.A., Effects of type of
on the microencapsulation of green coffee oil by spray drying. Food atomization and processing temperatures on the physical properties and
Research International, 2014b. 61: p. 132-143. stability of spray-dried flavors. Journal of Food Science, 2002.
67(3): p. 1108-1114.
11 Nedovic, V., Kalusevi, A., Manojlovic, V., Levic, S., and ©):p
Bugarski, B., An overview of encapsulation technologies for food 26 Turchiuli, C., Munguia, M.T.J., Sanchez, M.H., Ferre, H.C,,
applications. Procedia Food Science, 2011. 1: p. 1806-1815. and Dumoulin, E., Use of different supports for oil encapsulation in
12 Campelo-Félis, PH., Souza, HJB, Figuciredo, J.A powder by spray drying. Powder Technology, 2014. 255: p. 103-
- 5 . .y 5 o) .y 5 . ) 108‘
Fernandes, R.V.B., Botrel, D.A., Oliveira, C.R., Yoshida, M.I.,
and Borges, S.V., Prebiotic Carbobydrates: Effect on Reconstitution, 27 Battista, C.A., Cosntela, D., Ramirez-Rigo, M.V., and
Storage, Release, and Antioxidant Properties of Lime Essential Oil Pina, ]., The use of arabic gum, maltodextrin and surfactants in
Microparticles. Journal of Agticultural and food chemistry, the microencapsulation of ~ phytosterols by spray drying. Power
2017. 65(2): p. 445-453. Technology, 2015. 286: p. 193-201.
13 Ray’ S, Raychaudhuri’ U, and Chakraborty,’ An overview 0f 28 Flores, Z., Martin, D.S., Villalobos—Carvajal, R., Fabilo-
encapsulation of active componnds used in food products by drying Munizaga, G., Osorio, F, and Leiva-Veja, J., Physicochemical
This Journal is © IPEC-Americas December 2022 J. Excipients and Food Chem. 13 (4) 2022 104



29

30

31

32

33

34

35

36

37

38

39

40

41

characterization of chitosan-based coating-forming emulsions: Effect of
homogenization method and carvacrol content. Food Hydrocolloids,

2016. 61(6): p. 851-857.

Bakry, A.M., Fang, Z., Ni, Y., Cheng, H., Chen, Y.Q., and
Liang, L., Stability of tuna oil and tuna oil/ peppermint oil blend
microencapsulated using whey protein isolate in combination with
carboxcymethyl cellulose or pullulan. Food Hicrocolloids, 2016. 60:
p. 559-571.

Kaspar, O., Jakubec, M., and Stepanek, F., Characterization of
spray dried chitosan—TPP microparticles formed by two- and three-fluid
nozzles. Power Technology, 2013. 240: p. 31-40.

Rosa, C.G., Maciel, M.V.O.B., Carvalho, S.M., Melo, A.PZ.,
Jummes, B., Silva, T., Martelli, S.M., Villetti, A., Bertoldi,
FC., and Barreto, PL.M., Characterization and evaluation of
physicochemical and  antimicrobial properties of  ein nanoparticles
loaded with phenolics monoterpenes. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2015. 481: p. 337-
344.

Sankar, R., Karthik, A., Prabu, A., Karthik, S., Shivashangari,
K.S., and Ravikumar, V., Origanum vulgare mediated biosynthesis of
silver nanoparticles for its antibacterial and anticancer activity. Colloids
and Surfaces B: Biointerfaces, 2013. 108: p. 80-84.

Millan-Sango, D., Garroni, E., Farrugia, C., Impe, JEM.V,,
and Valdramidis, V.P., Determination of the efficacy of ultrasound
combined with essential oils on the decontamination of Salmonella

inoculated lettuce leaves. Food Science and Technology, 2016.
73(3): p. 80-87.

Cazado, C.PS., and Pinho, S.C., Effect of different stress conditions
on the stability of quercetin-loaded lipid niicroparticles produced with
babagn (Orbignya speciosa) oil: evaluation of their potential use in food
applications. Food Science and Technology, 2016. 36(1): p. 9-17.

Lai, KK, Rennerberg, R., and Mak, W.C., High ¢fficiency single-
step  biomaterial-based miicroparticle fabrication via template-directed
supramolecular coordination chemistry. Green Chemistry, 2015. 18:
p. 1715-1723.

Li, J., Xiong, S., Wang, E, Regenstein, J.M., and Liu, R,
Optimization of Microencapsulation of Fish Oil with Gum Arabic/
Casein/ Beta-Cyclodexctrin. Mixtures by Spray Drying. Journal of
Food Science, 2016. 80(7): p. 1445-1452.

Jacomino, A.P, Ojeda, R.M., Kluge, R.A., and Filho, J.A.S,,
Conservation of gnavas treated with carnanba wax enlsions. Brazilian
Journal of Fruit Crops, 2003. Jaboticabal, 25(3): p. 401-405.

Azeredo, HM.C Encapsulation: aplication the technology of food.
Food and Nutrition,2005. 16(1): p. 89-97.

Jafari, SM., Assadpoor, E., Bhandari, B.,, and He, Y., Nano-
particle encapsulation of fish oil by spray drying. Food Research
International, 2008. 41(2): p. 172-183.

McClements, D.J., Critical review of techniques and methodologies
Jor characterization of emulsion stability. Critical Reviews in Food
Science and Nutrition, 2007. 47(7): p. 611-649.

Frascareli, E.C.; Silva, V.M., Tonon, R.V., and Hubinger, M.D,,
Effect of process conditions on the microencapsulation of coffee oil by
spray drying. Food and Bioproducts Processing, 2012. 90(3):

Original Article

p.13-424.

42 Mahdavi, S.A., Jafari, SM., Assadpoor, E., and Dehnad,

D., Microencapsulation optimization of natural anthocyanins with
maltodextrin, gum Arabic and gelatin. International Journal of
Biologycal Macromolecules, 2016. 85: p. 379-385.

This Journal is © IPEC-Americas

December 2022

J. Excipients and Food Chem. 13 (4) 2022 105



