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Abstract 
    The aim of the study was the encapsulation of coriander essential oil (EO) in β-cyclodextrin in 
order to obtain a complex which can be use as food additive. The EO was extracted through 
hydrodistillation from Coriandrum sativum L seeds. Gas-chromatographic analysis of coriander 
essential oil revealed eight components in concentrations over 1%. The encapsulated complex 
EO/β-CD was prepared using the co-precipitation method. The antioxidant activity of encapsulated 
product revealed a total phenol content (TPC) of 7.4±0.81 mg GAE/100g and an inhibition of the 
DPPH radicals ranging between 87.89%±2.54 and 79.77%±1.74 for a concentration of 30 µg·mL-1 
coriander EO. The values of the IC50 parameter determined for the coriander EO, coriander EO/β-
CD complex, butylated hydroxytoluene (BHT) and ascorbic acid (AAc) showed that the free or 
encapsulated coriander EO has a better antioxidant activity than the chemical antioxidants. 
Antimicrobial activity of EO/β-CD complex exhibited antifungal activity.  

 
Keywords: coriander essential oil (EO), β-cyclodextrin (β-CD), encapsulated complex                  
EO/β-CD, antioxidant activity, antimicrobial activity 
 
1. Introduction 
 
The flavour and the taste are sensorial characteristics are important to improve of the quality 
and preference of food. Nowadays, more and more consumers prefer foods able to equally 
satisfy the nutrient requirements, the pleasure to eat and the health security. Therefore, it is 
noticeable the tendency of using natural additives and ingredients for food preparation although 
they elevate the cost and shorten the time for food preservation and consumption and also have 
the functional properties in order to increase the consumers health and life quality [1,2].   
The flavour compounds are used on large scale for food production as well as in cosmetic and 
pharmaceutical industry. The aromatic plants containing oleoresins or essential oils are the 
main source of natural flavour compounds, used as bioadditives and bioingredients.  
The use of EOs for production of the food and drinks is known even from antiquity. In the 
field of the obtaining and using EOs, the research developed on three directions: extraction, 



Encapsulation of Coriander Essential Oil in Beta-Cyclodextrin:  
Antioxidant and Antimicrobial Properties Evaluation 

Romanian Biotechnological Letters, Vol. 19, No. 2, 2014                                                   9129 

chemical analysis of the components and testing their capacity on functionalization of food, 
pharmaceuticals and cosmetics. When referring to the extraction, along with the classical 
methods such as steam distillation and solvent extraction, the literature mentions a series of 
modern methods, environmentally friendly, such as: supercritical fluids extraction, microwave 
extraction, pressurized liquid extraction etc [3]. Nowadays, the analysis of EOs is carried out 
using advanced methods such as GC-MS, head-space technique, RMN etc.[4]. One of the 
most recent research directions in the field of EOs is their use in improving the quality of the 
food products and assuring the health of the consumer. In this sense, more and more studies 
are referring to the antioxidant properties and antimicrobial activity of EOs [5-7].   
The EOs are lipophilic, immiscible with water and at the same time, they are sensitive 
towards the chemical modification under effect of some external factors such as: temperature, 
light, presence of oxygen etc. In order to diminish these weaknesses, the EOs are 
encapsulated through different techniques as follows: emulsification, coacervation, internal 
ionotropic gelation, molecular inclusion, spray drying, spray freeze drying, fluid bed coating, 
co-crystallisation, extrusion etc. [8]. 
The use of cyclodextrins for the essential oils encapsulation is a facile method. This technique 
increases the solubility of the essential oils in water hence, increasing their capacity to 
functionalize the products in which it is used as additive [9].  
The cyclodextrins (CD) are cyclical oligosaccharides derived from starch. They contain six, 
seven or eight glucopyranose units and are named α-CD, β-CD and γ-CD, respectively. The 
spatial orientation of the glucopyranose units forms a truncated cone with a hydrophobic 
interior space and a hydrophilic exterior surface. The CD encapsulation of essential oils is 
based on the inclusion hydrophobic molecules in the interior space of polymer with the 
forming of a water soluble inclusion complex [10-12].   
In this study the researches were oriented towards studying the increase of the coriander 
essential oil solubility through β-CD encapsulation and also towards testing the antioxidant 
and antimicrobial properties comparing with crude oil. The main objectives of the 
investigations were the extraction and the physico-chemical characterization of the crude 
coriander EO, the optimization of the parameters of the encapsulation in β-cyclodextrin, the 
characterization of the complex EO/β-CD and evaluation of the antioxidant activity and the 
antimicrobial properties of the crude and encapsulated coriander oil, in order to establish the 
efficiency to use and to increase the stability of the immobilized product.  
 
2. Materials and methods 
 
 Microorganisms 
The indicator microorganisms used for testing antimicrobial activity were follows: Bacillus 
subtilis MIUG B106B, Bacillus cereus MIUG B107B, Rhodotorula glutinis MIUG D7, 
Candida utilis MIUG D8, Saccharomyces cerevisiae MIUG D9, Aspergillus niger MIUG M5, 
Penicillium glaucum MIUG M9, Geotrichum candidum MIUG M13. These strains are 
provided from the Microorganisms Collection (acronym MIUG) of Bioaliment Research 
Platform of Dunărea de Jos University of Galați, Romania. Stock cultures were grown and 
preserved on specific agar broth media (malt extract agar -MEA, for fungi and plate count 
agar - PCA, for bacteria).  
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Chemicals 
Coriander seeds were supplied by Supremia Grup SRL, Romania. The β-cyclodextrin was 
supplied by Merk KgaA Co., Germany. 2,2-diphenyl-2-picrylhydrazyl (DPPH), Folin and 
Ciocalteu’s phenolic reagent were obtained from Sigma-Aldrich, Germany. All the chemicals 
and solvents used were of analytical grade. 
2.3. Extraction of the coriander essential oil 
The coriander seeds were crushed (crushing mill KitchenAid Artisan-5ksm150, U.S.A) and 
the obtained particles were selected through sieving system (AS 300 Control, Retsch, 
Germany) thus resulting fractions with dimensions of 500 µm, 630 µm and 710 µm. The 
content of lipids determined with the Soxlet device (VLP-SER 148/6, Italy) was of 18.11% 
and the humidity determined gravimetrically was of 9.12%. The coriander oil was extracted 
through hydrodistillation method proposed by Dong et al. [13].  
100 g of fraction (630 µm) were hydrodistilled for 3 hours with 1000 mL distilled water using 
a Clevenger type apparatus. The oily layer above the aqueous phase was separated with the 
separating funnel and dried on anhydrous sodium sulphate. It was obtained yellow oil, 
transparent and strongly flavoured. The extraction yield of the coriander EO was of 2.75%. 
The coriander EO was kept in glass vials with plastic stoppers at a temperature of 4°C. 
 
 GC analysis of the coriander essential oil 
The coriander EO obtained was analysed through gas chromatography [32]. It was used a 
device Thermo Finnigan equipped with FID detector and fused-silica capillary column 
Omegawax with 30m x 0.25 mm i.d. and 0.25 µm film thickness (Supelco 24136). The 
temperatures of the injector and detector were 250°C and 300°C, respectively. Helium was 
used as transporter gas, its flow rate being 1 mL/min and its pressure 0.27 bar. The injected 
volume was of 0.2 µL. The quantitative results were obtained electronically from FID area 
data, without using correction factors.  
 
Total phenolic content assay 
The total phenolic content of coriander EO was determined through Folin-Ciocâlteu method 
[14]. Therefore, in 5 mL of distilled water were added 0.5 mL coriander EO. The suspension 
was ultrasonicated for 30 seconds. After that, 1 mL Folin-Ciocâlteu reagent was added in the 
formed emulsion and continuing the ultrasonication for 30 seconds. Consequently, over the 
resulted emulsion 1 mL of saturated sodium carbonate solution was added, followed by gentle 
stirring. After 45 minutes the absorbance was read at wavelength of 765 nm. A standard curve 
of gallic acid with concentrations between 0.025–1.5 mg/mL was used. The regression 
equation for the standard curve was: y = 0.5551 x + 0.0312, with regression coefficient of 
0,996. The total phenolic content of coriander EO was expressed in terms of gallic acid 
equivalents (GAE) in mg per 100 g coriander EO. 
 
 Pseudo-ternary phase diagram analysis 
Pseudo-ternary phase diagram was constructed using the titration method [15]. For shaping 
the pseudoternary phase diagram it was used as solvent a hydroalcoholic solution with mixing 
ratio of water: ethanol of 2:1 (w/w). In nine Erlenmeyer flasks were prepared the mixtures 
solvent: β-CD in the following ratios (w/w): 9:1; 8:2; 7:3; 6:4; 5:5; 4:6; 3:7; 2:8 and 1:9. Each 
mixture was “titrated” with 1g coriander EO. After adding 1 g coriander EO, the mixtures 
were stirred for 10 minutes and then maintaining stationary for 5 minutes in order to establish 
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the equilibrium state. The macroscopic aspect of the samples, with regard to their 
transparency and homogeneity, was analysed.  
 
 Preparation of the encapsulated coriander EO/β-CD complex 
For the preparation of the coriander EO/β-CD complex it was used the co-precipitation 
method [16]. A hydroalcoholic solution of β-CD was prepared by dissolving 10 g β-CD in 100 
g water:ethanol solution (2:1w/w), at 55°C. From the β-CD solution were taken different 
quantities on which was added the coriander EO, in order to obtain mixture in ratio (w/w): 
5:95; 10:90; 15:85 and 20:80. The mixtures were electromagnetically stirred for 30 minutes at 
55°C followed by continuous stirring for 4 hours without heating. The samples were then 
incubated for 12 hours at 4°C. The precipitate formed was separated through vacuum 
filtration and was dried in an oven at 50°C for 24 hours. In order to establish the equilibrium 
state adequate for humidity content, the powder resulted was dried in open air, at room 
temperature, for 24 hours. The encapsulated coriander EO/β-CD powder was preserved in 
closed plastic bags at room temperature. 
 
Determination of humidity content 
The humidity content of β-CD and coriander EO/β-CD powder was established using the 
drying method [17].  The humidity content was 9.24% for β-CD and 7.12% for the coriander 
EO/ β-CD powder. 
 
 Determination of the oil encapsulation efficiency 
The total content of oil in powder represents the oil quantity included in the β-CD cavities 
plus the oil quantity adsorbed on the β-CD molecules surface [18]. 
In order to determine the total content of oil in the encapsulated product, 0.5 g powder were 
suspended in 50 mL distilled water and 15 mL n-hexane followed by gentle stirring. The 
organic phase which contains free oil was separated. The aqueous phase was ultrasonicated at 
30 KHz and 60 °C for 5 minutes (Sonoplus Bandelin, Germany) and then was subjected to 
extraction with 5 mL n-hexane for three times. The extract was dried on anhydrous sodium 
sulphate. After the vacuum evaporation of solvent, the oily residue was weighted (m1).  
In order to determine the oil adsorbed at the surface of the β-CD molecules, 20 mL n-hexane 
were added on 0.5 g powder and then stirred with the electromagnetic stirrer at 400 rpm 
(RW20 IKA, Germany) at room temperature, for 30 minutes. The mix was filtrated and the 
powder was washed with 10 mL n-hexane. The organic filtrate was dried on anhydrous 
sodium sulphate. After the decantation of the sodium sulphate, the final extract was 
evaporated in vacuum and the oily residue was weighted (m2).  
The oil retention degree (R %) was calculated with the equation (1):  

100%
0

1 ⋅=
m
m

R                                                                 (1) 

where: m0 is the initial quantity of coriander EO used for encapsulation and m1 is the total 
quantity of coriander EO retained  in the powder. . 
The inclusion efficiency (IE) was calculated with the equation (2): 

CDm
mmIE

−

−
=

β

21                                                                    (2) 

where: m β-CD  is the quantity of the β-CD used for encapsulation. 
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DPPH radical scavenging activity 
The 2, 2-diphenyl-2-pcrylhydrazyl was used as generating substance of free radicals in order 
to determine the radical scavenging activity of crude coriander EO and of encapsulated 
coriander EO/ β-CD [14].  Different quantities of crude coriander EO or encapsulated 
coriander EO/β-CD were added in a hydroalcoholic solution of water:ethanol (2:1 w/w)  that 
was homogenized through ultrasonication (Sonoplus Bandelin, Germany),  for 1 minute. 
Solutions with concentrations between 1 and 50 µg/mL coriander EO were obtained. The 
quantity of coriander EO/β-CD complex was computed in relation with the retention degree 
of coriander EO in β-CD. A volume of 1 mL sample crude coriander EO or 1g coriander 
EO/β-CD complex in different concentrations was added on 2 mL DPPH ethanolic solution (5 
mg/mL) and was strongly stirred. The mixtures were kept in darkness for 60 minutes, after 
that the absorbance was measured at wavelength of 515 nm. The antiradical activity (AA%) 
was established according to the equation (3):  

( )
100100% ⋅

−
−=

control

sampleemptysample

A

AA
AA                                (3) 

 
where: Asample is the absorbance of the sample with DPPH; Aempty sample is the absorbance of the 
sample without DPPH (2 mL ethanol + 1 mL sample with different coriander EO content); 
Acontrol is the control absorbance of a blend formed from 2 mL DPPH solution + 1 mL ethanol. 
Also, it was calculated the IC50 which represents the coriander EO concentration needed for 
the quench 50% of initial DPPH radicals under the experimental conditions. The antioxidant 
activity of crude and encapsulated coriander was compared with those of chemical 
antioxidants butylated hydroxytoluene (BHT) and ascorbic acid (AAc).  
 
 Antimicrobial activity 
Antimicrobial activity of microencapsulated coriander essential oil in beta-cyclodextrin 
against some spoilage bacterial and fungal strains was performed using the agar diffusion 
method [19,20]. Suspensions of tested microorganisms in physiological solution (0.9 % NaCl, 
w/v) were achieved. A volume of 2 mL of cell suspensions was poured in specific culture 
agar medium (MEA, respectively PCA) tempered at 42°C and then homogenized in the sterile 
Petri dishes. After solidification three wells of 5 mm size made in the agar medium and in 
these were loaded 200 μL of suspension of coriander microcapsules in Milli-Q water. The 
plates inoculated with bacteria were incubated at 37°C, for 48h, and at 25°C, for 96h, for 
yeast and moulds respectively [21]. After incubation, the formation of clear inhibition zone 
around the well indicated the antimicrobial activity. The inhibitory effect was assessed by 
measuring the diameter of the inhibition growth zone of tested indicator microorganism 
around the well. 
 
Statistical analysis 
SigmaPlot 11.0 for Windows XP software was used for statistical analysis. Conventional 
statistical methods were used to calculate means and standard deviations. The results were 
analysed using one-way analysis of variance ANOVA and the differences were considered 
significant at p < 0.05). A correlation procedure (Pearson’s correlation coefficient) was also 
performed. All experiments were carried out in triplicate.  
3. Results and Discussion 
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Chemical characterisation of crude coriander essential oil  
From chemical point of view, the crude coriander EOs contains complex mixtures of some 
components in different quantities, such as: oxygenated monoterpenes (linalool, geraniol, 
menthol, borneol, α-terpineol, citronellol etc.), monoterpenes hydrocarbons (tymol, carvacrol, 
gaiacol, limonene, γ-terpinene etc.), sesquiterpenes etc. [22]. Usually crude essential oil 
contains two or three major components in concentrations higher than 70% and minor 
components that are in trace amounts. The main components induce the biological properties 
of essential oils, nevertheless it was demonstrated a synergism of the main and minor 
components [23]. 
Through the gas chromatographic analysis of the tested crude coriander EO there were 
identified 9 constituents representing 88.53%. Table 1 displays the chemical components, the 
relative percentages of these from the total extracted compounds. 

Table 1. The main constituents of coriander essential oil and their relative percentages  

Compound RI* Composition, %  identified compounds from total 

components  

Crude 

coriander 

EO 

Coriander EO 

total extraction 

from β - CD 

Coriander EO 

adsorbed to 

surface β - 

CD 

α-pinene 934 5.84 5.38 1.12 

β - pinene 971 1.83 1.12 0.43 

p - cimene 1023 1.11 0.85 - 

limonene 1031 2.45 2.38 - 

γ - terpinene 1060 6.28 6.14 - 

linalool 1107 64.37 63.16 14.61 

camfor 1163 3.83 3.62 0.56 

geranil acetat 1383 2.82 2.18 - 

* Retention index 
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The major components identified were: linalool (64.37%), γ-terpinene (6.28), α-pinene 
(5.84%), camphor (3.83%), and limonene (2.45%). 
These results are in accordance with the results reported by Tsagkli et al. [24]. They carried 
out analyses on essential oil extracted from coriander seeds cultivated in Romania and 
identified 61 compounds, through which there are: linalool (48.4 – 54.3 %), γ-terpinene (9.2 – 
12.1 %), α-pinene (5.5 – 9.3 %) and limonene (4.7 – 6.3 %). Also, similar results obtained 
Alvez-Silva et al., [25] which identified in the coriander essential oil from Portugal, extracted 
through hydrodistillation, seven components among which: linalool (71.2 %), α-pinene (6.94 
%), camphor (6.02 %), p-cymene (4.56 %), limonene (3.04 %). 
 
Characterization of coriander EO/β-CD encapsulated complex 
One of the most used solubility diagrams is the pseudoternary phase diagram that emphasizes 
the state of the system corresponding to some mixture ratios of components. Considering 
constant the mixing ratio of solvent (water:ethanol 2:1), a Gibbs ternary diagram was shaped, 
represented through an equilateral triangle in the corners of which there are the three 
components in 100 % proportion. Figure 1 represents the pseudo-ternary phase diagram for 
the system: solvent/ β-CD/ coriander EO. 
 
 

 

Figure 1. Pseudo-ternary phase diagram for the system: solvent/ β-CD/ coriander EO 

In the pseudo-ternary phase diagram (Figure 1) there is a domain in which the system is 
monophasic (1 Φ). One of the points situated in this domain can represent a system which 
contains 10% β-CD, 10% coriander EO and 80% solvent. This domain corresponds to β-CD 
solubility in the solvent used and it was accounted in the choice of the mixing ratios for the 
formation of the coriander EO/β-CD inclusion complex. The domain which contains biphasic 
systems (2 Φ) corresponds to the state in which the oily phase is separated from β-CD 
solution. The domain with the highest area corresponds to the triphasic systems formed from: 
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undissolved β-CD/β-CD solution/coriander EO. The mixtures corresponding to the 
multiphasic systems are not favourable to the forming of the inclusion complexes [15]. 
A white fine powder was obtained through the inclusion of coriander EO into β-CD. For the 
experiment which was used the coriander EO/β-CD = 20:80 ratio, were noticed several drops 
of oil at the liquid surface, meaning that a part of the oil was not retained neither in powder, 
nor in the β-CD cavity and nor on its surface. These observations were also signalled by [18] 
at the encapsulation of the cinnamom essential oil in β-CD. The parameters of the 
encapsulation efficiency of coriander EO in β-CD are presents in (Table 2). 
 
Table 2. Inclusion efficiency (IE) and retention degree (R%) of crude coriander EO in β-CD 

Coriander 

EO: β-CD 

ratio 

 

Amount of 

initial 

material (dry 

β-CD+CEO)a 

(g) 

Amount of 

coriander 

EO/ β-CD 

Complex 

(g) 

Amount of 

coriander EO 

inclused in β-

CD (m1-m2) 

(mg) 

Inclusion 

Efficiency 

(IE) 

mg/g β-CD 

 

Retention of 

coriander EO 

in β-CD 

( % ) 

5:95 5.170 4.181 201±2.13 41±0,64 48.88±0,87 

10:90 5.462 4.575 382±1.76 73±1,11 86.76±0.43 

15:85 5.786 5.455 598±0.87 122±1.32 94.23±0,49 

20:80 6.157 5.675 515±2.13 105±1.48 92.18±0.76 

aTotal amount of dry β-CD (4.907g) plus coriander EO used  

The calculations were reported to the dried β-CD mass, taking into account the β-CD 
humidity of 9.24%. It can be observed from (Table 2), that the optimum coriander EO: β-CD 
ratio is of 15:85 for which were obtained maximum values for the retaining degree 
(94.23%±0.49) and also for the inclusion efficiency (122 mg·g-1). As well, there are no 
significant differences (p > 0.05) between the retaining degree of the ratios 15:85 and 20:80, 
yet there are significant differences (p < 0.05) between retaining degree of ratio 5:95 and the 
other ratios. This denotes that the encapsulation parameters of coriander EO in β-CD are 
depending on the quantity of oil used. The chromatographic analysis of the total oil retained 
by β-CD and of the oil adsorbed on the exterior surface of the β-CD molecules identified most 
of the volatile components found in the free coriander EO yet, in lower percentages. This 
signifies that through inclusion in β-CD the coriander EO composition is persevered and its 
biochemical properties do not undergo modifications. 
The structural analysis of the coriander EO/β-CD complex was carried out through scanning 
electron microscopy (SEM, Quanta 250, Netherland), with voltage acceleration of 15 kV. In 
order to record SEM micrographs, the samples were fixed on aluminium stubs with double 
adhesive tape and vacuum coated with a fine layer of gold.  
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(a) 

 

 (b) 

 

(c) 

Figure 2. SEM images of the encapsulated coriander essential oil in β-cyclodextrin matrix: a) 
unloaded β-CD; b) coriander EO/β-CD complex in 10:90 ratio; c) coriander EO/β-CD complex in 

15:85 ratio 
 

Figure 2 displays the SEM images of unloaded β-CD and of coriander EO/ β-CD complex. 
Unloaded β-CD appears as crystalline particles of different sizes without a defined shape 
(Figure 2a), and coriander EO/ β-CD complex appeared as agglomerates of different sizes 
[26]. Comparing the images obtained at the same magnitude (x2000), it can be noticed an 
increase of the particles sizes for the 15:85 ratio (Figure 2c), which explains the elevated 
loading degree of β-CD with coriander EO as compared with the particles dimensions for the 
10:90 ratio (Figure 2b), with a lower loading degree, and with the unloaded β-CD particles 
sizes, respectively (Figure 2a). Similar results were reported by Choi et al. in the preparation 
of fish oil/β-CD complex [27]. 
 
Total phenolic content and antioxidant activity of the crude coriander EO and β-CD 
encapsulated coriander EO 
The total phenolic content is an important indicator in the characterization of essential oils 
since the phenolic compounds show both antioxidant and antibacterial activity. For the crude 
coriander EO it was obtained a total content of phenols of 7.4±0.81 mg GAE/100g. Different 
results are presented in literature as a result of the varying characteristics of coriander plants. 
Thus, Wangesteen et al. [28] reported a content of 0.14g GAE/100g and Alvez-Silva et al. 
[25] reported a content of 52.3 mg GAE/L. 
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Many research groups that studied the antioxidant activity of the essential oils revealed the 
correlation between the nature of the components and their capacity to resist to the oxidative 
degradation. Thus, it was established that for the oregano essential oil (Origanum vulgare) the 
components responsible for the antioxidant activity are both the main components (carvacrol, 
thymol) and the secondary ones (γ-terpinene, p-cymene). In the case of the coriander EO, the 
antioxidant activity is given by linalool. The researches revealed that the high antioxidant 
activity of thymol and linalool is a result of the presence of the hydroxyl –OH group which 
acts as a hydrogen donor and prevents the production of free radicals in the lipid oxidation 
process [29]. 
The antiradical action of the crude coriander EO or β-CD encapsulated coriander EO was 
highlighted in the presence of DPPH as generator of radicals substance. Thus, the IC50 values 
were compared for the crude coriander EO and encapsulated coriander EO/β-CD complex and 
synthetic antioxidants, BHT and AAc, respectively, using the regression equations: YCoriander 

EO = 2.4092X + 15.5221 (R2 = 0.9931); YCoriander EO/β-CD = 2.4314X + 4.8707 (R2 = 0.9976); 
YBHT = 2.7707X + 23.0570 (R2 = 0.9865); YAAc = 1.7321X + 6.9061 (R2 = 0.9909). A value 
of IC50 = 14.31±0.75µg·mL-1 was obtained for crude coriander EO. This value is lower than 
the value of the AAc (IC50 = 24.87±2.73µg·mL-1), but slightly bigger than the value of BHT 
(IC50 = 9.72±1.41µg·mL-1) (Figure 3).  
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Figure 3. Scavenging effects of crude coriander EO and coriander EO/β-CD complex on 
DPPH radical 

 
 The obtained results indicate that the crude coriander EO has better antioxidant activity than 
the ascorbic acid and a comparable antioxidant activity with the BHT. The IC50 higher value 
for the encapsulated coriander EO/β-CD complex than for the crude coriander EO is a result 
of the late action on the DPPH radicals of the linalool molecules, captured in the β-CD 
cavities. It can be noticed, in (Figure 3), that for 30 µg/mL concentration, the inhibition 
percentages of the DPPH radicals, in the case of the crude and encapsulated coriander EO, 
have values close to the BHT values (87.89%±2.54 for coriander EO; 79.77%±1.74 for the 
coriander EO/ β-CD complex and 97.15%±3.41 for BHT), in comparison with the ascorbic 
acid (57.54%±2.78).  
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Antimicrobial activity  
Consumer demand for natural preservatives has increased, whereas the safety aspect of 
chemical additives has been questioned. Essential oils and extracts obtained from many plants 
have recently gained a great popularity and scientific interest based on their biopreservative 
effects. The antimicrobial activity of essential oils from oregano, thyme, sage, rosemary, 
clove, coriander, cinnamon, garlic and onion against food-related microorganisms as well as 
their applications in food system have been investigated and reviewed [30]. 
 Crude coriander essential oil has been reported to inhibit an extensive spectrum of 
microorganisms.  
Antimicrobial activity of tested coriander essential oil microencapsulated in beta-cyclodextrin 
against some indicator microorganisms is presented in (Table 3).  
 
Table 3. Antimicrobial activity of crude and encapsulated in beta-cyclodextrin coriander EO   

Sample  Diameter of inhibition growth zone (mm) 

Bacillus 
subtilis  
MIUG 
B106B 

Bacillus
cereus 
MIUG 
B107B 

Rhodorula  
glutinis 
MIUG  
D7 

Candida 
utilis 
MIUG 
D8 

Saccharomyces 
cerevisiae MIUG 
D9 

Aspergillus 
niger MIUG 
M5  

Penicillium 
glaucum 
MIUG M9 

Geotrichum 
candidum 
MIUG M13 

Crude 

coriander EO 

4.2 4.3 4.0 4.3 4.7 7.5 6.5 5.3 

Ecapsulated in 

β-cyclodextrin 

coriander EO 

1.2 1.1 1.8 1.2 0.9 3.1 3.0 1.1 

Data are given as mean of inhibition zone (mm) of three replicates 

The interest in essential oils and their application in food preservation have been amplified in 
recent years by an increasingly negative consumer perception of synthetic preservatives. 
Furthermore, food-borne diseases are a growing public health problem worldwide, calling for 
more effective preservation strategies. The antibacterial properties of essential oils and their 
constituents have been documented extensively. Pioneering work has also elucidated the 
mode of action of a few essential oil constituents, but detailed knowledge about most of the 
compounds’ mode of action is still lacking. This knowledge is particularly important to 
predict their effect on different microorganisms, how they interact with food matrix 
components, and how they work in combination with other antimicrobial compounds [31].   
The results showed that microcapsules performed with coriander essential oil encapsulated in 
beta-cyclodextrin had an inhibitory effect on the tested microorganisms with different degrees 
of inhibition. The microcapsule exhibited high antifungal activity against A. niger MIUG M5 
and P. glaucum MIUG M9 strains, compared with S. cerevisiae MIUG D9 which is a more 
sensitive strain (9.0 mm).  
 
4. Conclusions 
  
In this study, obtaining and evaluation of the antioxidant and antimicrobial properties of 
encapsulated coriander essential oil in β-CD matrix was analysed. Using the co-precipitation 
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method for oil microencapsulation a maximum retention degree of 94.23%±0.49 and a 
maximum value of the inclusion efficiency of 122 mg·g-1 was obtained for a coriander EO:β-
CD mixture ratio of 15:85. Almost all chemical components from crude coriander EO, are 
retained by β-CD matrix and of the oil adsorbed on the surface of the β-CD molecular 
cavities. This observation was confirmed, also, by the results of the antioxidant and 
antimicrobial activity of the encapsulated coriander EO/β-CD complex, properties comparable 
with those of crude coriander oil. Thus, the fungal growth inhibition of the encapsulated 
coriander EO/β-CD complex was of 79.77%, comparable with the one of the crude coriander 
EO, of 87.89%, respectively. The antimicrobial activity against A. niger MIUG M5 and P. 
glaucum MIUG M9 manifested by the free coriander EO was maintained for the coriander 
EO/β-CD complex, up to 41-46%. These results sustain the use of the coriander EO 
encapsulated in β-CD in the functionalization of foods and drugs. 
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