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Introduction

Efforts have always been made to protect valuable compounds of medicine, food and aromatics materials that are
highly sensitive to environmental conditions by the encapsulation method. encapsulation of flavors, in addition to its
protection, allows the aromatic substance to be released in a long time, and the time and place of its release can be
controlled. To design these protection systems requires detailed information on encapsulation and release methods, the
nature of walls and aromatic materials (Gunning et al.,1999). For encapsulation of sensitive compounds such as
lipophilic materials, it is necessary to produce an emulsion of the desired substance in wall materials such as proteins,
polysaccharides or a mixture of them. The important factors in encapsulation are the molecular weight, chemical
properties and polarity of the core materials, the properties of the materials of the walls, and finally, the methods used to
produce microcapsules. (Jafari et al., 2008).

The aim of this study was to produce and evaluate the properties of two and six layer multilayer microcapsules
containing limonene using soy protein isolate and starch modified by spray drying. The release of encapsulated
limonene was investigated under artificial oral conditions under different stress conditions. The results of this study can
be used to predict the release rate of the encapsulated flavors and their release conditions.

Materials and Methods

Solution preparation: The solution of SPI (0-3%) was prepared by methods of Huang et al. (2012). The OSA starch
stock solution (0-2%) was prepared by methods of Nilsson and Bergens (2007).

Emulsion’s preparation: the primary emulsion of the optimum SPI and secondary emulsion of optimum O SA starch
concentration prepared by the method of Noshad et al (2015).

Microcapsule production: To prepare the Microcapsules, a laboratory spray dryer was used. 180+5 °C, inlet air
temperature, 25 (ml/min) feed rate, and 90£10 °C outlet air temperature were used. Six layer microcapsules was also
prepared in the same conditions (Ansarifar et al., 2017)

The micro structure, morphology and release of limonene were evaluated and finally by Zero order, First order,
Higuchi, and Korsemeyer- peppas models were used to the fitting of experimental data.

Limonene release: To investigate the release of the encapsulated limonene, the release of these microcapsules (two
and six layer) at 37 ° C and pH = 6.8, as well as frequent chewing (0, 50 and 100 rpm) were examined. For the apply of
shear stress, an oral simulator was designed and developed by the Department of Food Science and Technology of
Ferdowsi University of Mashhad was used.
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Results and Discusion

The results of particle size changes of the initial emulsion formed with different levels of soy protein isolate showed
that the particle size decreased with increasing the concentration of this protein to 1.5% and then it was increased. The
results of zeta potential showed that with increasing the concentration of soy protein isolate to 1.5%, the zeta potential
of the samples increased and with more than 1.5%, it did not have much effect on the zeta potential of the samples,
which indicates that concentrate of 1.5% soy protein isolate has a good ability to cover surface of limonene particles.
Similarly, 1.2% of OSA starch was determined for the secondary layer.

SEM images of the microcapsules showed that in the two-layer wall microcapsules have cavities, cracks and
shrinkage. In the starting of drying, the rate of moisture lost is high and on the other hand, the wall is not strong enough
to withstand the stresses caused by the exit of moisture from the walls, so the microcapsule has cavities. In six-layer
microcapsules, a smooth, non-cracked surface was observed, which can be attributed to the wall strength due to the
increase in the number of layers. Fourier transform infrared spectroscopic (FTIR) test showed that the outer surface of
the microcapsules was covered by OSA starch in two and six layer microcapsules.

The release profile of encapsulated limonene showed that the release rate in two layer samples was faster than six
layer samples. Also, with increasing shear rate, the amount of release increased. The results of experimental models
fitting showed that the first-order model had the best description for releasing limonene from two- and six-layer samples
in different conditions. Calculation of diffusion coefficient showed that six-layer microcapsules have a lower diffusion
coefficient than two-layer microcapsules, which leads to a decrease in the release rate of limonene.

Conclusion

The results of this study showed that the layer-by-layer method could be used to produce limonene microcapsules.
Soy protein isolate and modified starch can cover limonene droplets well. SEM images showed that the structure of six-
layer microcapsules is free of cracks and cavities and has a more uniform surface than two-layer microcapsules. To
investigate the mechanism of limonene release from two- and six-layer microcapsules, different kinetic models were
used to fit the experimental release data. The results showed that the release of these microcapsules occurred based on
the diffusion mechanism and Fick's law, which is the main mechanism of mass transfer in the release process. Also, the
results showed that the six-layer microcapsules had a lower diffusion coefficient than the two-layer microcapsules and
the release rate was lower in the two-layer microcapsule; This is due to the repetitive coating of soy protein isolate and
modified starch around the microcapsules and the increase in wall thickness.
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Fig. 1- Effect of soy protein isolate concentration on A: particle size and B: zeta potential of initial emulsion
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Fig. 3- SEM images of multilayered microcapsules; A: two layers and B: six layers

BBl glos 3 Bee —Feee emt anl 3 o)les > ad, I alyl
em? anl slacSy (pged dges sly (F JS3) s el (YO°C)
C=)V#fF em™ (i CH2) V¥YYem™?  oies CH3) VYVO
YoAY emly (S Kol C-H) Yasa b YAYs em? (C
YEeo odgame Sy el sdnlio B (SP? ygawlis pun C-H)
oSy sl O-H g N-H oas S o5l cloog,S 4 Ligyye
A Aiwd Glale Cuiyi 4 WWFe 5 VAYY AFO. dgds > dg3ge
N-H o (Il ael) ied by N-H (I ael) it ylogs C=0
(Wang et al., 2011) (Il anl) S bog C-N g pdaw )
VAeo —¥oee CM? zge &) bgsye s oddipMol atulis cib 5
)'f)ﬁ oS ua_v).c )Iy 9 Cawl Jw.a Lglmg)fC-H dlfb.b}» daSuie
JeuSgyhn claog S joas cde 4 wdg YYAY cmM? dgus
ol b dol pl o 58 (asie Sy pses Cuwl
S ey jpas sxmd Ll &S Wy 342 oJuﬁcMwl
Aee= Weo emt anl 3 5550 Sy sl C-N 5 C=0
U 1) 155505 C-0-C 5 C-O-H (claigy sixie clils))
.(Luo, Huang, Fu, Zhang, and Yu, 2009) 125 _.»

bJ.Jlsc)Lol wlis Y g ond Sligy 3,y aly B GI"""
emM? sdgamme Sy 395 o sdalie [ 3 &5 Heblen ol
08 $S)5 9 i bgw Ogn dgnl 4 Cud YO B¥eee
sldisn LS snmdlis adlaie pl 0 Sy uS Sl
S Shy @ baye Sy groxes WS (e oo ) S
S kg oxmylis a8 VEOY em sy > pSgp
cel opgad 3 Gl LSy oy p Sload baes wwl C=0
o3 YAYY CIL 5 ASYY AFIA (ol 4l j3 sunly SO ials

Cw!

39 (P9 AS o gSu g Sae
wor Sl CEMY) Gl 0gSing See pglas |

slasuS 9,500 ol g 50l JSS a5 (55905890 (sla S g

P AY P oV sy ol b slo oS 9,50 SEM glas
a bgye) YA JS5 3 a5 jeblen .ol ord odygl ¥ S
oy LIy o)lgd 2980 odalie (Y 9> b JpueS9Sue
(PSS gl Pl 3wl (SaShe 9 (505 S S
S ol jlojlss (b 5l g 039 YU ugh) g9 Caspw
W o395 Laolgd 5l cusk) g9 5l (86 slapis Jood ol
(Sagis et al., 2008) cuwl wlyis gl JoumnS's S0

S5 g 9S00 9 o0 0mliia gl )3 &S H5blon
5 Olyis 336 (Blo oxdaw (4 Lid o)ls b JgunS's)Sue) VB
Sl s 4 laolgss plSiocial o] cls oS cusly 55,655 5
Humblet-Hua et al., ) o)Kon 5 loa clgogn .cusl baay Y dlass
ol (Ansarifar et al., 2017) f,Sen 4 ,8 (glail 4 (2011
b laggusS 9500 3 (S2)5S 5 5 S3Sen @ il ol
9,50 Y olas il b Lol o3gs 0L jluus cyieS slaasy
FeslSy 5 Blo ol 5l 5 58 gl S5 dn Jpus
g 50

P8 O9abe 98 JI aes Bubs (3903
FTIR (gojl cstds slosmS 9,500 lblo (sl
dge g Y b 9 93 S JomsS,5ue o) (ig3le il A5 el

1- Scanning electron microscope



\F.Y CA.&\.Q.&{&)' - o;“é)s)é Al o)w ALNVEY ‘O‘J‘l‘ ‘sﬂ..\.c @Lw 9 'aslc &5%5}3 th oy

LY oSy 2 ol 556 5 09 byw B9 dail sloaY 1d

3l &8 ol ol aY (2 b claiges Sy (o
03938 5 0 a5 cowl oad atwlS Jdged pj paw g Sy dcn

Transmitionce (%)

Le

L2
W ——SPI

—OSA

——Limonen

¥

3900 3400 2900 2400

LA L L

1900 1400 200 400

Wavenumber (cm!)

O 993 S gmnS 9 S0 9 (OSA suaniz Yol wusliis SPT bigw (g dlg il corigon)) JgmS'9 S algl dlgo FTIR (slacinb —F JSUS

Fig. 4- FTIR spectra of microcapsule raw materials (limonene, soy protein isolate SPI, modified starch OSA) and two- and
six-layer microcapsules
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Fig. 5- Limonene release profile from microcapsules A: two layers and B: six layers as a function of release time under the
influence of different shear stresses
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Table 1- Parameters obtained from fitting different models on experimental results of multilayer microcapsules

Zero-order First order Korsemeyer —Peppas Higuchi
Layers of microcapsule —=p vinae K R2 K R 1 K R K R

0 0.391 0.92 0.0345 0.97 0.220 0.687 0.96 0491 0.92

L2 50 0.437 0.87 0.0413 096 0.268 0.702 0.92 0.628 0.83

100 0.461 0.86 0.0457 095 0.313 0.863 091 0.712 0.88

0 0.214 0.75 0.0192 092 0.324 0456 092 0.243 0.89

L6 50 0.253 0.79 0.0253 0.98 0.359 0.523 0.91 0.312 0.77

100 0.286 0.81 0.0302 0.97 0.363 0.571 0.93 0.421 0.86
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Table 2- Diffusion coefficient for the release of limonene from multilayered microcapsules at different shear rates
Shear rate (S Two layers Six layers

(L2) (Le)
0 4.125%10°° 8.465%10°10
Diffusion coefficient (cm?/s) 50 8.995x10"° 4.362x10°°
100 2.114x10%  6.682x10°
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