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Abstract   Microencapsulation of liquid orange oil as a common flavoring agent in food industries 
by complex coacervation in a gelatin – gum Arabic polymeric wall system was studied. At a fixed 
ratio of 10% w/v as concentration of the materials used in this study, trend of changes of 
microencapsulation process variables using different wall polymeric contents along with varying 
levels of the core to wall ratio were investigated. Distribution pattern of the coacervate particle size 
showed that more than 70% of the particle with the average diameter of 9.68 mm were reasonably 
encapsulated in those treatments having core to wall ratio at the level of 1:1 and 1:2 while gelatin to 
gum arabic content of the wall system were set to be 1:1 and 2:1 ratio, respectively. The yield of the 
process as ratio of the amount of coacervate microcapsules produced to the amount of materials 
initially present in the emulsion was highest (69%) for the treatment described. Moreover, the release 
and swelling data have been analyzed in terms of the generalized equation Mt/M∞=ktn applicable for 
swellable controlled release systems. The results obtained were discussed on the basis of the release 
rate constant k, and diffusional exponent n. 
 
Key Words   Complex Coacervation, Microencapsulation, Orange Oil, Release Behavior, Gelatin - 
Gum Arabic 
 

در تحقيق حاضر ميكروكپسول سازي اسانس پرتقال از جمله طعم دهنده هاي اصلي با كاربردي    چكيده
كارگيري سيستم ديواره اي ه كنيك توده سازي پيچيده و بتنسبتًا وسيع در صنايع غذايي با استفاده از 

عنوان غلظت مواد و در محتواي ه  ب١٠ %w/vت ثابت در يك نسب.  مورد بررسي قرار گرفتصمغ عربي–ژالتين
در نسبت هاي مختلف و در همراهي با سطوحي مختلف از نسبت ماده ) صمغ عربي–ژالتين(پليمري ديواره اي 

در اين مجموعه  .به ديواره اي، تيمارهاي چندي طراحي و مورد مطالعه قرار گرفت) اسانس پرتقال(هسته اي 
 پخش و توزيع اندازه ینتايج حاصل از الگو.  متغيرهاي اصلي عملياتي بررسي گرديدتيمارها روند تغييرات

اين ذرات با نسبت . بود ٦٨/٩ mm از ذرات با ميانگين قطر ٧٠%ذرات توده سازي شده نشانگر حضور بيش از 
غ عربي در سيستم  صمبهدر حالي كه نسبت محتواي ژالتين  . تهيه شد١:١ و ١:٢مواد هسته اي به ديواره اي 

 كار آيي توليد به صورت مقدار ذرات توده سازي ،تيمار مورد اشارهبراي . دبو ١:١ و ٢:١ديواره اي به ترتيب 
 مطالعه برای Mt/M∞=ktn رابطه). ٦٩ (%شده توليدي به مقدار مواد اوليه موجود در امولسيون بيشترين حد بود

نتايج حاصل با توجه به ثابت شدت .  سازي شده مورد استفاده قرار گرفتسازي ذرات توده روند تورم و آزاد
  .ير قرار گرفتفسمورد بحث و ت n نفوذي ی و نماkسازي  آزاد

 
 

1. INTRODUCTION 
 
Most liquid food flavorings are volatile substances and 
their unstable chemical nature under influence of 

usual conditions of food processing and storage, 
has made microencapsulation as an attractive 
subject to be considered both in academic research 
works and food industries as well [1]. Among the 
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various methods used for microencapsulation, 
complex coacervation is one of the oldest methods 
known and has been used for a wide range of 
applications [2-5]. The term coacervation first was 
introduced into colloidal chemistry by Bungenberg 
de Jong and Kruyt in 1930’s to give a description 
for flocculation or separation of liquids from 
solution where at least one of the liquids contained 
a colloidal solute [6,7]. One of the accepted 
technique in complex coacervation, is based on 
using gelatin – gum arabic as the wall system in 
which the main step is deposition of the liquid 
colloidal wall material as a continuous phase 
coating about the material to be encapsulated as a 
dispersed phase [7,8]. Obviously many operational 
variables would be effective on the performance of 
the wall system and its efficiency.  
     There are some studies especially in the area of 
pharmaceuticals concerning the release kinetics of 
the encapsulant from an encapsulating system 
[9,10]. An attractive approach was developed using 
a generalized equation which is based on the Fick’s 
law of diffusion for a swellable polymeric system: 

nt kt
M
M

=
∞

 Where (
∞M

Mt ) is the fractional release 

at time t; k, a constant characteristic of the polymer 
–encapsulant system; and n, an exponent which is 
characteristic of the mechanism of the encapsulant 
release; in that tM  has been calculated using 
percent release at the specified time and M∞ is the 
amount of the core material released at long times, 
which may or may not be equal to the total core 
materials (orange oil) incorporated in the 
coacervate particles [9,10]. 
     Although there are substantial research on food 
flavorings and the relevant encapsulation processes 
to our knowledge, but little work has been done 
about the mechanism and the mathematical 
modeling of the release event of the food subjects. 
On the other hand regarding to the pharmaceutical 
industry available reports on the modeling subject 
relative to the mechanism of the drug action are 
overwhelming [3,9,10,11,12]. 
     In the present work, coacervation as a common 
and well known encapsulation procedure was used 
to prepare spherical particles of liquid food 
flavoring (orange oil) encapsulated in gum arabic 
and gelatin as the wall system. By using the 
generalized equation, i.e., mentioned above, the 

release behavior of the food flavoring encapsulant 
was also, studied. 
 
 
 

2. EXPERIMENTAL SECTION 
 
Materials   Gum arabic (GA) and gelatin (GE) 
powder, Merck; orange oil as the food-flavoring 
agent (Düllberg Konzentra, Germany – purchased 
from the local market.); glutaraldehyde (25%) and 
sodium hydroxide (analytical grade). 
 
Preparation of Microcapsules   Microencapsulation 
method used in the present study was essentially 
based on the procedure described by Luzzi and 
Gerranghty[6] and, as modified by Madan et al.[7]. 
The scheme for preparing the coacervates is shown 
in Figure 1.  
     A series of sieves were used for the separation 
of microcapsules in various size ranges. Particles 
passing through one sieve and retained on the next 
finer sieve were given the arithmetic mean size of 
the two screen openings. In order to obtain the 
particles having average diameter of 9.68, 1.93, 
0.325 and 0.075 mm, sieves with the appropriate 
characteristics of the screen openings were used 
(16.0, 3.35, 0.500 and 0.149 mm). 
     In the present study the ratio of core to wall 
materials was set at three levels. Moreover, the 
ratio for gelatin to gum arabic as the chemical 
constituents of the wall system was selected to be 
at three different levels. Nine different treatments 
therefore, were prepared according to the 
specifications given in the Table 1.  
     Yield of the complex coacervation procedure in 
the present study was determined by dividing 
weight of the coacervate prepared, by the initial 
weight of the materials used (combined weight of 
core and wall materials). 
 
Determination of the Release Rate and 
Swelling Ratio   After placing a specified amount 
of the dried coacervate particles (W1, 0.35g) in a 
flask having 35 ml tap water, the sample was held 
for the specified time periods at room temperature 
( 25 C° ). The microcapsules were separated from 
the aqueous solution at the appropriate time 
intervals and weight of the swollen particles then 
was obtained (W2). The swollen microcapsules 
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                          Preparing a mixture of: 
orange oil (15 ml) and 10% gum arabic (GA), (100ml, 50 C° ) *

Emulsification

adding specified volume of the 
glutaraldehyde solution 25%   
(10 ml) and water (300 ml) 

adding acetic acid solution (5M) 

Adjusting pH to pH  4.0  

Coacervation occurs

Cooling ** the mixture (reduce the temperature to below 10 C° in 30 minutes) and complete the gelation process 

Mixing (stirrer with magnetic bar, 60 minutes)

adding 10% gelatin(GE), 
(100ml, 50 C° )* 

 Heating (stirrer with magnetic bar) 
           (15 minutes at  50 C° )

Mixing (stirrer with magnetic bar) 
(20 minutes at  50 C° )

adding sodium hydroxide solution (20%)

Adjusting pH to pH  9

Mixing (stirrer with magnetic bar, 4 hours at room temperatur)

Cross Linking Microcapsules

Filtering the solution using Whatmann filterpaper (#41)

Drying the collected microcapsule particles in an ordinary oven at 50 C°

Collecting the microcapsules (granular form)

 
 

Figure 1. Scheme for microencapsulation of the liquid food flavoring (orange oil) using complex coacervation technique as is 
described in the present study. 

 .The separate aqueous solutions of GA and GE (coating materials) were left to equilibrate at room temperature for 15 hours ٭
.Cooling was done slowly in 30 minutes without stirring the mixture ٭٭
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were dried in an ordinary oven at 50 C° (W3). Percent 
of the release and also swelling ratio were 
determined as follows: 
 

100
W

WW
(%)release

1

31 ×
−

=  

 

swelling ratio= 
1

32

W
WW −

 

 
As mentioned earlier a generalized equation which 
has been developed on the basis of Fick’s law of 
diffusion and used successfully elsewhere [9,10] 
was considered in the present study to analyze the 
release behavior of the orange oil encapsulant. 
 
 
 

3. RESULTS AND DISCUSSION 
 
Distribution Pattern of the Coacervate Particle 
size   The sizes of the dried coacervate particles 
had a distribution pattern, which is shown in 
Figure 2. At a fixed ratio of 10% w/v as the 
concentration of the materials used in the present 
study, different polymer contents (gelatin and gum 
arabic as the principal wall constituents) along 
with three levels of the core to wall ratio were used 
to prepare the coacervate particles (see Table 1) 
(results of the preliminary works showed that the 
emulsification step could not be performed 

properly at the concentration lower than 10%). The 
distribution pattern for the particle diameter did not 
change significantly when the ratio of the 
polymeric wall was changed from 1(GE): 1(GA) to 
2(GE): 1(GA) and more than 70% of the particles 
had average diameter of 9.68 mm (Figure 2, trs. 1, 
3, 7 and 9). When the level of gum arabic as one of 
the two wall constituents was increased 1(GE): 
2(GA), the particles diameter changed in a way 
that even increasing core to wall ratio from 1:2 to 
2:1 showed to have little effect, and more than 
60% of the particles had average diameter of 1.93 
mm (Figure 2, trs. 5 and 8). The complex 
coacervation technique used in the present study 
did not show to give particles within the desired 
and reasonable range of diameter of 0.33 mm and 
0.075 mm (see Figure 2). 
     By mixing the pure starch with gelatin, sphere 
aggregates resembling popcorn balls, with a novel 
characteristic was produced [13]. The performance 
of these spheres as the flavor carrier has been 
evaluated very special. Our expectation from the 
present work and mixing gum arabic and gelatin 
was to produce spheres having, capacity, to coat 
and retain orange oil as discussed above. 
Moreover, the light microscope was used to see the 
integrity of the prepared spheres. No further testing 
was done in the present study. Techniques such as 
X-ray photoelectron microscopy have been used 
for the morphological characterization of the wall 
matrix in the drug delivery systems [14]. Results of 
these kinds of studies provide informative explanation 
for the extent of the core material distribution, 

TABLE 1. Specifications of the Nine Treatments Prepared in the Present Study Using Complex Coacervation Technique, 
According to A Ratio of the Encapsulant to the Encapsulating Coat and Also Ratio of the Principal Polymeric Constituents of 

the Wall System [Gelatin (GE) to Gum Arabic (GA)] – A Number of 1 to 9 Is Given to Each of These Treatments. 
 

 ratio of gelatin to gum arabic as the wall constituent 

GE:GA 

1:1 1:2 2:1 ratio of core(C) to wall (W) material 

C:W treatment 

 1:1 1 2 3 

 2:1 4 5 6 

1:2 7 8 9 
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relevant to the release mechanism. 
     The ratio of the amount of coacervate microcapsules 
produced to the amount of materials present 
initially in the emulsion, has been defined as the 
yield of the process (see experimental section) and 
in terms of percentage, the yield is the highest 
(68.8 %) for treatment 9 where the ratio of the 
encapsulant to the encapsulating materials was 1:2 
while the ratio of gelatin to gum arabic as the 
polymeric wall, was set at the level of 2:1 (Figure 
3, also see Table 1). In fact, when the encapsulation is 
properly performed and the reasonable percentage 
of coacervate particle stay within the desired size 
then one may say this pattern of size distribution 

relates to the higher yield of the process. It seems 
that the optimum conditions for maximum complex 
coacervate yield are those of treatment 9 (see 
Figures 2 and 3). Usually proper performance of 
the encapsulation is accomplished by preventing 
the presence and use of chemical and/or physical 
agents that interfere with the process and therefore 
strength of the protective wall [6]. Also in 
preparing coacervates by complex coacervation, 
pH of the media has an important role and in order 
to obtain a maximum number of ionic bonds 
between oppositely charged molecules present in 
the systems, pH adjustment is necessary: gelatin is 
a positively charged molecule at pH below its isoelectric  
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Tr.4 51.4 41 6.9 0.7
Tr.5 26 61.2 12.5 0.3
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Tr.7 85.5 14 0.5 0
Tr.8 20.4 66.6 8.8 4.2
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Figure 2. Particle size distribution pattern of coacervates prepared for nine different treatments (see Table 1 for the given 

specifications of the each treatment). 
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point while gum arabic particles carry negative 
charges [8,11]. In fact complex coacervation could 
not occur above this pH [6,7]. The improper pH 
adjustment and therefore interference in the 
coacervation process leads to the material leakage 
and structural discontinuity of wall (unstabilized 
coacervates) [5,7]. In the present study pH was 
adjusted properly and the role of gelatin in 
completing the wall system could be evaluated 
fairly well when the ratio of the encapsulant was 
reduced to half of that of the encapsulating wall 
materials, (see Figures 2 and 3 also see Table 1, tr. 
9). Increasing the hydrophilicity of the wall 
polymer by rising the level of gum arabic, seems to 
compensate the increased level of the encapsulant 
having hydrophobic characteristics (see Figure 2 
and Table 1, trs. 5,8) and more than 60% of the 
dried coacervate particles remain within the 
average diameter of 1.93 mm however, the yield of 
the process in treatments 5 and 8 were about 40% 
lower than that of treatment 9 (see Figure 3). 
     By using glutaraldehyde as the hardening agent 
in the coacervation process, the particles are 
stabilized and degree of chemical cross-linking in 
the capsule shell increases [8]. In the present study 
use of glutaraldehyde had positive effect on the 

coacervate yield and higher percentage of the 
particles remained within the desired range of 
diameter [12]. The level of added glutaraldehyde 
was optimized however, since this reagent when 
added at the higher concentration (i.e., a definite 
volume of the 25% glutaraldehyde solution:≥ 20 
ml) did not show to have a considerable effect on 
the process [12]. 
 

Release Behavior of the Orange Oil 
Encapsulant from the Swellable Polymeric 
System   using the generalized equation, which 
has been developed on the basis of Fick’s law of 
diffusion for a swellable polymeric system [9,10], 
the fractional release of orange oil encapsulant was 
calculated. As it is said before M∞ is the amount of 
encapsulant released at a long times, which may or 
may not be equal to the total encapsulant 
incorporated in an encapsulating system [10]. The 
constants n and k, both are best determined by 

means of a Log-Log plot of 
∞M

Mt  versus time 

(Log tM
M∞

= nLog t +Log k) [10]. The slope of this 

plot is the dimensionless exponent, n and the 
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Figure 3. Coacervate yield obtained for the nine different treatments (see Table 1 for the given specifications of the each treatment).
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 intercept on the Y-axis gives the release rate 
constant, k. The calculated values for k and n in the 
present study are given in Table 2. The release rate 
constant k, depends on the characteristics of the 
polymeric wall – core system while n, as the 
exponent, describes more about the type of release 
mechanism for the encapsulant[10]. In the present 
study these values are grouped into three levels 
(see Table 2). The k constant decreases with 
increasing degree of cross-linking of the polymeric 

structure [9,10]. As it is seen in Table 2 the release 
rate constant k, is low for treatments 4, 7 and 9. 
Wall system having gelatin at the higher ratio may 
exhibit higher level of the cross-linking (Tables 1 
and 2, tr. 9). While the incorporation of more 
orange oil in preparing the microcapsules (Tables 1 
and 2, tr. 4), would increase hydrophobicity 
characteristics of the core and this may have a 
decreasing effect on the rate of release. Therefore 
in the present study, the degree of cross-linking of 
the polymeric wall system and hydrophobicity 
characteristics of the encapsulant may almost have 
equal contribution to the release rate of the 
microcapsules. Figure 4 shows the plots of 
percentage of release as a function of time; the data 
for treatments 4, 7 and 9 are shown. Release 
remained constant after about 7 hours equilibration 
period while as an example for representing Log. - 
Log. Plot, the data of treatment 9 was used (Figure 
5). The latter three treatments (tr. 4, 7 and 9) had n 
value in the range of 0.17 – 0.23. In the 
experimental setup given by Shukla etal., starch–
urea– formaldehyde combination has been used as 
the encapsulating material[9] and based on the 

10

15

20

25

30

35

0 6 12 18 24

Time(hr)

R
el

ea
se

(%
) Tr.4

Tr.7

Tr.9

 
Figure 4. Time course of release of the prepared coacervates –the results obtained for only three treatments are shown in this figure 

(see the text for the detailed procedure). 

TABLE 2. Release Rate Constant, k and Diffusional 
Exponent, n, of Coacervates Prepared According to the 
Specifications Given for the Nine Different Treatments 
(See Table 1 and Also the Text for Details). 
 

treatment k(min-1) n 
1,2,5,8 

 
3,6 

 
4,7,9 

0.4 
 

0.5 
 

0.23 – 0.32 

0.12 – 0.14 
 

0.08 – 0.1 
 

0.17 – 0.23 
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mathematical solutions of the equation introduced  
before, three cases have been described: Fickian 
encapsulant diffusion gives release kinetics with n 
= 0.5 while for a special case n = 1 generally 
known as a zero–order kinetics and it is 
characterized by constant rate of release for the 
encapsulant [9,10]. Another type of transport 
mechanism, has been called non-Fickian or 
deviating from the regular form (anomalous), with 
0.5 < n < 1 [10]. In some studies the computed 
values of n was reported to be as low as 0.3 and 
0.45 for Fickian and zero-order mechanism [9]. It 
is assumed that further reduction in n values could 
be expected (n = 0.25) when one deals with the 
bulk release from polydisperse system of irregular 
shapes, indicating presence of Fickian or 
anomalous transport mechanism [9]. It is said that 
studying release of the single particle then could 
confirm the type of mechanism more precisely [9]. 
     In the present study addition of glutaraldehyde 
to the medium of the microencapsulation had 
effect on the k constant and the exponent, n: the 
exponent n was increased while the release rate 
constant k had decreased [12,15]. Although the 
existing possible relationship showed to have a 

trend, which was optimum, when glutaraldehyde 
added at a level not less than 20 ml of the 25% 
solution. As the level of glutaraldehyde decreased 
below this concentration, the exponent, n increased 
4% while the release rate constant, k was 
decreased by 7 % [12]. Glutaraldehyde added at 
the higher level showed to have neither a positive 
effect on the yield nor and on the desired particle 
size. An increase in exponent, n up to 32% 
decrease in the k constant at about 27 % was 
observed under the latter situation [12]. Stabilization 
of the coacervates by glutaraldehyde addition to 
the microencapsulation medium, is an index in 
describing the characteristics of the polymeric 
system (i.g., decrease in the release rate constant, 
k) although the glutaraldehyde addition to the 
medium showed to have an effect on the transport 
mechanism of the encapsulant (i.g., increase of the 
exponent, n).  
     The swelling ratio was also determined in the 
present study. Relationship between the hydration 
ability (swelling ratio) of the specified hydrogel 
and its degree of cross-linking has been studied in 
details [5,16]. In the present study, the coacervates 
with higher cross-linking in the wall system (see  
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Figure 5. The representative plot of Log. fractional release as a function of Log. release time – the data obtained for the treatment 9 
is shown in the figure. 
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Table 1, trs. 3, 6 and 9) had lower swelling ratio 
(Figure 6). An increase in hydration ability is 
evident for treatments having higher amount of 
hydrophilic groups in the polymeric wall system 
(higher content of gum arabic as compared to that 
of gelatin) (see Figure 6, trs. 2, 5 and 8). The 
swelling ratio for treatments 1 and 4 having the 
ratio of gelatin to gum arabic in the wall system as 
1:1 and the ratio of core to wall as 1:1 (tr.1) and 
2:1 (tr.4), is also high (see Figure 6). The 
coacervate yield for these treatments is rather low 
(see Figure 3, trs. 1 and 4). By considering the 
desired and reasonable particle size and the release 
behavior, one may conclude that treatment 9 is the 
treatment of choice (see related Figures 2-5). 
 
 
 

4. CONCLUSION 
 
Complex coacervation technique was used to 

prepare gelatin–gum arabic complex coacervate 
microcapsules in the form of coarse granular 
particles. Particles size distribution was studied 
with a series of sieves. Swelling ratio and yield of 
phase separation both were obtained and for 
studying release behavior of the microcapsules, a 
generalized equation based on Fick’s law of 
diffusion was used. 
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