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Abstract

BACKGROUND: The following study is an evaluation of the encapsulation, stability and release profile of Iranian Zateria multi-
flora boiss essential oil (ZEO) in Saccharomyces cerevisiae yeast cells. Encapsulation was performed with different essential oil /
yeast weight ratios at different temperatures. The encapsulation efficiency and stability of the loaded yeasts and the release
profiles of carvacrol and thymol (as the main active ingredients of ZEO) were also investigated.

RESULT: The encapsulation efficiencies of carvacrol and thymol at a ZEO / yeast weight ratio of 1.25 were 30.9% ± 0.01% and
44.5% ± 0.02%, respectively. Loaded yeast cells were stable during the 4-week storage period. Both carvacrol and thymol
showed substantial releases of around 60%during the first hour and around 70%during the second hour at two different water
temperatures, followed by steady release.

CONCLUSION: Zateria multiflora boiss essential oil can be encapsulated effectively in S. cerevisiae yeast cells, refrigerated with-
out degradation, and released efficiently. Zateria multiflora boiss essential oil encapsulated into S. cerevisiae yeast may be used
as a potential preservative for the food and drug industry.
© 2020 Society of Chemical Industry
Supporting information may be found in the online version of this article.
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INTRODUCTION
Many methods are used nowadays for the preservation of food
products including aseptic handling and packaging, mechanical
removal of microorganisms by washing or filtration, physical or
chemical sanitization, and finally environmental control. This can
also be performed by adding chemical preservatives with inhibi-
tory or bactericidal / fungicidal activity.1 However, consumers
consider the use of chemical preservatives as a drawback.2 In
recent years, natural antimicrobial compounds have attracted
increasing attention due to consumer awareness of the food qual-
ity and safety aspects.1

Natural antimicrobials are an evolving technology in the food
industry to increase shelf life as well as the safety of food. Essential
oils (EOs) are the most abundant plant extracts that are tested for
antimicrobial activity in foods. These are aromatic compounds,
consisting of more than 60 ingredients, which are usually
extracted by steam distillation.3

Essential oils have been shown to be effective in vitro against a
wide range of foodborne pathogenic organisms such as Escheri-
chia coli O157:H7, Salmonella, Shigella, Campylobacter, Listeria
monocytogenes, Staphylococcus aureus, Bacillus cereus, and Vibrio

species. They generally have a greater effect against gram-
positive than gram-negative microorganisms, and can also be
active against fungi.3, 4

Zataria multiflora Boiss. is an aromatic medicinal plant that
belongs to the Labiatae family and grows in Iran, Pakistan, and
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Afghanistan. It has been traditionally used as a flavoring and
preservative agent in food and drinks.5 Carvacrol (2-methyl-
5-(1-methylethyl)phenol) and thymol (5-methyl-2-(1-methy-
lethyl)phenol) are isomers of monoterpenic phenol and the main
active constituents of Z. multiflora essential oil (ZEO).6, 7 These
naturally lipophilic compounds damage the bacterial cell mem-
brane considerably and result in permeability change and in the
release of the cellular contents.8

Concerns about the negative effects of antimicrobial compounds
on the physical and /or chemical stability of food, and the degrada-
tion of activity of antimicrobial compounds, make it necessary to
use high enough concentrations of antimicrobial agents to inhibit
microbial proliferation but at the same time make minimal alter-
ations in quality of the food product.1 The fat composition of foods
influences the effectiveness of EOs.3 A high concentration of plant
extracts is limited due to their organoleptic properties.2 Concentra-
tion optimization of plant extracts as preservatives in food products
is therefore of the utmost importance. The organoleptic and stabil-
ity problems can be overcome by encapsulation instead of using
these compounds directly in food products.2

Microencapsulation is defined as enveloping a substance (usu-
ally active agents) within another one, in capsules smaller than
one to several hundred microns in size.9 Encapsulation can
increase the concentration of antimicrobial agents in aqueous
phase or liquid-solid interfaces where microorganisms are
located.1

Yeast cells are attractive encapsulants as they are a ‘generally
recognized as safe’ (GRAS) material. Yeast cells can be used for
the encapsulation of both hydrophobic and hydrophilic active
food ingredients, as well as pharmaceutical agents and probiotics
for preserving or masking taste, and targeting drug delivery.
Whole cells or only the cell wall of Saccharomyces cerevisiae have
been used for encapsulation.10-19 Other yeast cells such as Saccha-
romyces bayanus, Candida utilis, Kluyveromyces fragilis, Torulopsis
lipofera, Endomyces vernalis, and oleaginous yeast have also been
used for this purpose. In addition, encapsulation in yeast cells is
not only simple, low cost, but can also be done without any
additives.10

The objective of this study was the encapsulation and character-
ization of Iranian ZEO in yeast cells for food preservation
applications.

MATERIALS AND METHODS
Materials
Lyophilized S. cerevisiae (PTCC 5269) was purchased from the
Industrial and Scientific Research Organization of Iran. Iranian
Zataria multiflora essential oil was purchased from Research Cen-
ter of Chemical Industry of Iran, Karaj. Carvacrol and thymol stan-
dard solutions were purchased from Merck, USA. Deionized
distilled water was purchased from Samen Pharmaceutical Com-
pany, Mashhad, Iran. Culture media (yeast extract, bacteriological
peptone, glucose) were purchased from Himedia, India.

Methods
Cultivation of S. cerevisiae
The culture of yeast cell was done according to the method
described by Ciamponi et al. (2012) with some modifications.
Two hundred milliliters of yeast extract peptone dextrose (YPD)
(yeast extract 1% w/v, bacteriological peptone 2% w/v, and glu-
cose 2% w/v) was inoculated with 1.5 mL of 108 colony forming

unit (CFU)/mL yeast suspension (in normal saline) and incubated
at 37 °C at 100 rpm in a shaking incubator for 11 h.
Yeast cells at the logarithmic phase of proliferation were har-

vested by centrifugation (3000 ×g/10 min), followed by washing
three times in phosphate-buffered saline (PBS) and freeze dry-
ing.20, 21

ZEO Analysis
Quadruplicates of ZEO (10 mg) were diluted in 100 mL acetoni-
trile (ACN):H2O (80:20). Triplicates of each sample was injected
into the high-performance liquid chromatography (HPLC) C18
column, Agilent 1260 System (Agilent Technologies, Germany,
Frankfurt). The mobile phase was ACN:H2O (50:50); flow-rate of
1.0 mL/min; and the detector: UV-visible at 275 nm.
The essential oil was also analyzed by gas chromatography–

mass spectrometry (GC/MS) using a Varian Saturn 3 apparatus
(Varian, Ontario, Canada) under the following operating condi-
tions: capillary column, 50 m × 0.25 mm i.d., 0.25 μm film thick-
ness (Chrompack, Germany, Lörrach), helium (He) carrier gas,
1 mL/min flow rate, oven temperature of 60–240 °C, with rates
of 3 °C per minute, split injection injector mode, electron impact
(EI) ionization mode, at 70 eV, 280 °C interface temperature, and
40–300 U scan range.22

ZEO Encapsulation in yeast cells
The encapsulation was done according to the method described
by Bishop et al. (1998) with some modifications. Various ratios of
ZEO/yeast cell (0.5 (0.5/1), 0.75 (1.5/2), 1 (1/1), and 1.25 (2/1.6)
w/w) were mixed with distilled water (10 mL), in an Erlenmeyer
flask, and incubated in a shaker incubator at 100 rpm, 40 °C for
48 h. Then the cells were centrifuged at 3000×g for 10 min. The
supernatant was removed and yeast cells were washed three
times with PBS and then freeze-dried for 48 h. The encapsulation
process was repeated for the ratio with the best encapsulation
result at two different temperatures (30 °C and 50 °C) and the
encapsulation efficiency (%EE) was estimated.23, 24

Determination of encapsulation efficiency
The encapsulation efficiency was determined according to a
method described by Paramera et al. (2011). Equation (1) was
used to determine %EE:

%EE=
concentration of encapsulated essential oil

initial concentration of essential oil
×100 ð1Þ

Yeast cell micro-morphology
The structure of the loaded and unloaded yeast cells was studied
using transmission electron microscopy (TEM). Samples were
fixed first in 2.5% glutaraldehyde (v/v) (2-4 h – 4 °C) and then in
1% osmium tetroxide(v/v) for 2 h at ambient temperature. The
fixed cells were embedded in acrylic resin for 2–24 h at ambient
temperature, and stained with 1% (w/v) uranyl acetate and lead
citrate (0.004 w/v) after sectioning with an ultramicrotome
(75 nm section). The microsections were stained with toluidine
blue (1% w/v, ambient temperature, 1 s) and photographed with
light microscope. Some samples were also analyzed using TEM
(Leo 912 AB, Germany, Waldbronn).23

Fourier-Transform Infrared Spectroscopy (FTIR) analysis
Fourier transform infrared spectra was acquired on a Thermo
Nicolet, AVATAR 370, FTIR spectrometer using the KBr disk
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method. The FTIR spectra of individual unloaded and loaded
yeasts were assessed by mixing samples with potassium bromide
(70 mg), compressed into a pellet by applying 1 ton/unit. The FTIR
spectrum of ZEO alone was assessed by loading it on a KBr pellet.

Spectral scanning was done in the 4000–400 cm−1 wave range at
a resolution of 2 cm−1.21, 25

Stability of loaded yeasts
The stability of the encapsulated yeast powder was determined
by quantifying carvacrol and thymol in yeast cells at different time
intervals (0, 1, 2, 3, and 4 weeks) after encapsulation through
HPLC analysis (see above). Twenty milligrams of loaded yeasts
was suspended in 2 mL distilled water and 8 mL ethanol was
added and then sonicated for 15 s. The cell suspension was then
centrifuged (3000×g, 10 min) and the supernatant was filtered
through a 0.45 μm filter.26

Release profile of carvacrol and thymol
The in vitro release of carvacrol and thymol was assessed accord-
ing to a method adapted from Shi et al. (2008)25 with some mod-
ifications. Briefly, 2 mg of loaded yeast cells was suspended with
1 mL distilled water. The suspension was incubated in two differ-
ent temperatures, 10 °C and room temperature, in a shaker incu-
bator (100 rpm). The samples were centrifuged at predetermined
intervals (0.5, 1, 2, 4, 6, 24, 48, 72, and 168 h). The supernatant was
collected and replaced with 1 mL of fresh medium at each time
interval. The supernatant was filtered using 0.45 μm membrane
and analyzed through HPLC with the same method described in
the previous section. All experiments were repeated three times.

Statistical analysis
Statistical analysis was carried out using SPSS ver. 21 (IL, USA). The
stability of loaded yeast cells during the 4-week storage period
was compared using the Friedman test. The %EE of carvacrol
and thymol at different temperatures was compared by one-
way ANOVA. Comparison of groups (different temperatures) for
%EE was performed using the Dunnett T3 post hoc test. Repeated
measures analysis of variance (ANOVA) followed by the Dunnett
T3 post hoc tests were used to compare the release profiles of car-
vacrol and thymol in loaded yeasts at two different temperatures.
A result of P < 0.05 was defined as statistically significant.

RESULTS
High-performance liquid chromatography (HPLC) analysis
showed that carvacrol and thymol constituted 51.75% ± 1.14
(w/v) and 25.65% ± 1.4 (w/v) of total ZEO, respectively. The

Table 1. Composition of Zataria multiflora essential oil (ZEO)

RT Area pct Library/ID

1 11.04 1.68 IR-alpha-pinene
2 13.66 0.10 .alpha.-phellandrene
3 14.11 1.12 (+)-4-carene
4 14.43 5.23 p-cymene
5 15.71 4.44 a-terpinen
6 19.96 0.11 Borneol
7 20.37 0.39 Terpinen-4-ol
8 20.98 0.21 Alpha terpineol
9 24.50 0.20 Bornyl acetate
10 25.60 25.49 Thymol
11 26.07 51.55 Carvacrol
12 31.91 0.60 Valencen
13 39.23 0.32 Caryophyllene oxide

Figure 1. Encapsulation efficiency of carvacrol and thymol for different
ZEO / cell ratios (0.5, 0.75, 1, and 1.25 (w/w)).

Figure 2. %EE of carvacrol and thymol in samples with 1.25 ZEO / yeast
ratio at different temperatures.
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retention time peaks of carvacrol and thymol were observed at
12.95 and 14.08 min, respectively.
The limits of detection (LoDs) and quantization (LoQs) of carva-

crol and thymol were 0.07 and 0.03 ppm, and 0.1 and 0.05 ppm,
respectively.
Composition determination results of ZEO by GC/MS are shown

in Table 1.
According to GC/MS data, carvacrol (51.55% ± 1.3 (w/v)) and

thymol (25.49% ± 1.5 (w/v)) were the major components of ZEO.
Good substantial similarities were seen between the GC/MS and
HPLC analysis techniques.
The two major components of ZEO, carvacrol and thymol, were

used for determination of %EE. Fig. 1 shows the %EE of carvacrol
and thymol loaded into freeze-dried yeasts with four different
weight ratios of ZEO to yeast cells.

According to our results, the carvacrol and thymol content (%)
were in the range of 21.87–30.88% and 30–44.53%, respectively.
In other words, the more the ZEO/cells weight ratio, the higher
the %EE obtained in the observed range. As the ZEO/cells weight
ratio of 1.25 resulted in the highest loading efficiency, this ratio
was selected for further experiments. These samples were encap-
sulated at three different temperatures (30, 40, and 50 °C) and
their %EE were determined (Fig. 2).
Increasing the temperature from 30 to 40 °C resulted in a signif-

icant increase in the loading efficiency of both carvacrol and thy-
mol (P < 0.005); however, no significant increase in %EE was seen
between encapsulation at 40 and 50 °C (P = 0.053 and P = 0.124
for carvacrol and thymol, respectively).
The microscopic morphology of yeast cells was examined.

Stained toluidine blue unloaded yeasts appeared as separate,

Figure 3. Light microscopy images of semi-thin sections (1000 nm) of (a) non-loaded and (b) loaded yeast cells, and TEM images of (c, e) non-loaded and
(d, f) loaded yeast cells.
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entirely dark blue stained round or ovoid particles in light micros-
copy. Loaded yeasts had dark blue cell walls and pale blue cyto-
plasms with white spots. In other words there were the clear
whitish regions within the cell cytoplasms that absorbed no dye
(Fig. 3(a),(b)).

The unloaded yeasts appeared as homogeneously dark glob-
ules in TEM images, while the loaded cells clearly showed lipid
droplets with various sizes (Fig. 3(c)–(f)).
Figure 4 illustrates the FTIR spectra of unloaded and loaded

yeast cells as well as ZEO alone.

Figure 4. FTIR spectra of (1) unloaded yeast cells, (2) loaded yeast cell, and (3) essential oil.

Table 2. FT-IR peak analysis of unloaded and EO-loaded yeasts as well as EO alone

Wave number (cm−1) Functional group

EO 3416 Phenolic OH of carvacrol and thymol
3020, 2961, 2927, 2870, 2819, and
2729

aromatic and vinylic C-H and asymmetrical and symmetrical CH3 and CH2

1740, 1704 C=O (carbonyl) groups
1620, 1587, 1517, 1459, and 1421 Non-conjugated C=C and benzene ring skeleton of terpinene, cymene, carvacrol and

thymol, CH3

1289 and 1254 Phenolic C–O
1254, 1175, and 1059 Methoxy C–O and C-O-C
995, 944, 864, 812, and 719 Aromatic C–H

unloaded yeast
cells

3700–3000 OH and NH of nucleic acids, proteins, and carbohydrates of the whole yeast cell, cell
wall, and membrane

2958, 2929, and 2872 Asymmetrical and symmetrical CH3 and CH2 of nucleic acids, proteins, and lipid chains
1658 and 1544 Protein amide I and amide II
1454 and 1405 Asymmetric and symmetric bending modes of CH3

1246 C-O or asymmetrical vibrations of PO2
−,which are mainly derived from DNA and RNA

1079, 907, and 874 Glucans and mannans
loaded yeast 3370 Phenolic OH of carvacrol and thymol

Slight shift (2–3 cm−1) at 3021–2819 C-H of essential oil
1656 and 1593 Protein amide I and II
Some changes in the
1110-1000 cm−1region

Disappearance of the 1087
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The peak analyses of FTIR spectra are summarized in Table 2.
The FTIR spectrum of the ZEO shows a broad absorption band
in the region of 3416–3100 cm−1(O-H stretching), 3021 cm−1

(Aromatic C-H stretching), 2961–2870 cm−1 (C-H stretching),
1620 and 1587 cm−1 (C=C stretching), 1363 cm−1(C(CH3)2bend-
ing) and 1254 cm−1(C-O stretching). The characteristic absorp-
tion bands of yeast were observed at 3400–2500 cm−1 (N-H
and O-H stretching), 2958–2872 cm−1 (C-H stretching of CH3),
1658 cm−1 (amide-I, C=O stretching), 1544 cm−1 (amide-II, N-H

bending and C-N stretching) and also 1079 cm−1(C-O-C stretch-
ing of glycosidic bonds in polysaccharides). Further, the yeast
cell encapsulated ZEO shows the characteristic peaks at
3500–2600 cm−1 (O-H stretching, N-H stretching), 3019 cm−1

(Aromatic C-H stretching), 2961–2872 cm−1 (C-H stretching),
1656 and 1593 cm−1 (C=O stretching of amide I, II group),
1630 and 1521 cm−1 (C=C stretching) and 1052 cm−1 (C-O
stretching). Comparing these spectra, it can be concluded that
when the ZEO was added to a yeast cell, an absorption band
at 3019 cm−1, attributed to aromatic C-H stretching vibration,
was shown and there is no absence of any functional peaks in
all the spectra. Thus, it revealed that ZEO was successfully
encapsulated in the yeast cell.
The influence of storage conditions on loaded yeast cells, stored

at 4 °C for up to 4 weeks, is shown in Table 3. Our results show
that microcapsules were stable during the 4-week storage period,
and no significant decrease was seen in the EO content in the cells
during those periods.
The in vitro release profiles of carvacrol and thymol from loaded

yeast cells prepared with 1.25 ZEO/yeast cells weight ratio at 40 °
C are shown in Fig. 5.
An initial burst was followed by sustained carvacrol and thy-

mol release. Both carvacrol and thymol release processes
showed significant differences between 10 and 25 °C (P < 0.001),
but the average release of carvacrol and thymol during 1 week did
not show any significant differences between the two tem-
peratures (P = 0.082 and P = 0.088, respectively). Over a
period of 168 h (1 week) carvacrol was released up to
81.94% and 80.79% at 10 °C and 25 °C, respectively. Similar
results were obtained for thymol. The release of thymol over
the period of 1 week was up to 79.53% and 75.92% at 10 °C
and 25 °C, respectively.

Figure 5. Release pattern of carvacrol and thymol from loaded yeast cells
at room temperature and 10 °C over the period of 1 week.

Table 3. Stability of loaded lyophilized cells at 1, 2, 3, and 4 weeks after loading

Time 0 First week Second week Third week Fourth week

Carvacrol content (ppm) ± SD 473.52 ± 17.26 470.85 ± 9.07 471.68 ± 13.92 474.03 ± 15.43 472.89 ± 11.56
Thymol content (ppm) ± SD 336.90 ± 16.75 334.61 ± 12.78 335.54 ± 12.58 337.10 ± 7.63 336.02 ± 13.63

Figure 6. Comparison between the encapsulation efficiency in the current study with those reported previously by Bishop,23 Paramera,24 Salari,31 and
Shi.21
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DISCUSSION
In this research, we encapsulated ZEO in yeast cells as a delivery
system for application in food preservation. Our results showed
that ZEO was successfully encapsulated in S. cerevisiae.
The limited incubator temperature for loading ZEO in and its

release from the yeast cells appears to have been a technical lim-
itation in our study.
To the best of our knowledge there has been no previous report

on the encapsulation of ZEO in yeast cells. Comparing the encap-
sulation efficiency of S. cerevisiae showed that the %EE for thymol
in the current study was higher than other encapsulated active
ingredients reported in previous studies, and the %EE for carva-
crol was within the range of other ingredients (Fig. 6).
The encapsulation kinetics is mainly dependent on the lipid sol-

ubility of the ingredients in the cell wall, which is inversely related
to the partition coefficient (log P).20

Carvacrol (log P: 3.52) and thymol (log P: 3.28) have relatively
strong hydrophobic characteristics. They are structural isomers
and each one has one hydroxyl group on its phenolic ring, at dif-
ferent positions. Their hydrophilic properties increase in relation
to the hydroxyl group, which could be helpful for dissolving in
the microbial cell membrane.27 The hydroxyl or other polar func-
tional groups promote their transport through the polar head
groups of themembrane phospholipids. Afterwards, hydrophobic
interactions, hydrogen bonds, and van der Waals attractive forces
between the active compounds and the yeast cell components
(organelles within the cytoplasm or cytoplasmic membrane) act
synergistically to preserve the ingredient within the cell.10 How-
ever, the hydrogen bonds formed between NH2, OH, and COOH
in the polar head groups of lipids and the OH group of active
ingredients at the lipid–water interface are helpful in attracting
and stabilizing the penetrating substances.25

The molecular weight of ZEO components is another important
factor in yeast-cell penetration. Small polar and nonpolar mole-
cules with molecular weights up to 760 Da can diffuse freely from
the cell wall.28 The low molecular weight of both carvacrol and
thymol (150.22 g mol−1) allows them to penetrate easily into the
yeast cells.29

The cell membrane permeability is highly dependent on its flu-
idity, which is expressed by the phase transition temperature
(30–37 °C), the temperature at which the membrane transits from
the gel to themore fluid liquid crystalline phase.10 The phase tran-
sition of the membrane at higher temperatures significantly
increases the rate of permeation of oil into the yeast cells.23

The encapsulation is therefore strongly affected by the encap-
sulation temperature. Encapsulation is usually performed at tem-
peratures in the range of 20–60 °C. However, temperatures
around 40 °C (above the membrane phase transition tempera-
ture) allow penetration and increased permeation of the com-
pound into the cell.23 The yeast-cell plasmatic membrane
phospholipids are in the liquid–crystalline state above 35 °C,
resulting in enhanced diffusion of molecules inside the plasma.
It is also expected that the phospholipids in the gel state below
35 °C might limit their penetration.24 Our results showed that
the efficacy of loading at 40 and 50 °C was significantly higher
than at 30 °C. Encapsulation of orange peel oil in fresh yeast has
been reported to be almost independent of the temperatures
varying from 6 to 40 °C; however, in line with our findings, the
encapsulation rate significantly increased between 40 and 50 °
C.23 Paramera et al. (2011) and Ciamponiet et al. (2012) also
reported that increasing the temperature significantly increases

the %EE of active ingredients.20,24 Nevertheless, different mole-
cules posses different penetration rates according to their tem-
perature dependency models.20

In accordance with the findings of previous studies, the interac-
tions between the essential oil, proteins, and polysaccharides, cor-
respond changes in the shape and intensities, as well as the
disappearance of some absorbance bands of the EO and yeast
in FTIR spectra of the essential oil, yeast cells, and loaded yeast,
confirming that the EO was encapsulated into the yeast cells.21,24

Stability analysis showed the consistency of EO content in
loaded yeast cells during 4 weeks' refrigeration. Berberine loaded
yeasts (S. cerevisiae) have already been shown to remain stable
after one year of production in a previous study.26 In other words,
encapsulation of ZEO in S. cerevisiae results in its effective mainte-
nance. However, the stability of the quality of encapsulated ZEO
needs to be evaluated in future studies.
Both carvacrol and thymol, as active ingredients in ZEO in our

study, showed substantial releases around 60% during the first
hour and around 70% during the second hour at two different
water temperatures (pH ∼7), followed by steady release. Shi et
al. showed that about 90% of yeast cell encapsulated resveratrol
was released within 90 min in simulated gastric fluid (pH:
1.5–3.5).25 They also showed that more than 95% of chlorogenic
acid was released during 2 h in simulated gastric fluid, and the
remaining chlorogenic acid was released within the next 5 h.21

Normand et al. showed that release occurs at above the water
activity (aw) 0.7, and no flavour release takes place below it.30 It
seems that a burst release happens once the yeasts are sus-
pended in aqueous environment; however, acidity of the fluid will
enhance the biodegradation, resulting in increased release. More
studies appear to be needed to manipulate and optimize this
release profile for various applications.

CONCLUSION
This study has provided information on the encapsulation of
Iranian Zataria multiflora Boiss essential oil in S. cerevisiae yeast
cells. Our findings showed that ZEO can be effectively encapsu-
lated in yeast cells, refrigeratedwithout degradation, and released
efficiently in aqueous media. Preparation of ZEO encapsulated in
yeast cells may be important for the development of new preser-
vatives for the food and drug industry.
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