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Abstract 
Functionalised calcium carbonates (FCCs) are inorganic mineral-based particles with a high 
porosity and extended surface area consisting of hydroxyapatite and calcium carbonate crystal 
structures. Therefore, FCCs have a high potential to be used as a carrier for active substances 
such as essential oils (EOs), which are well known for their antimicrobial activities, and control 
their release in antimicrobial packaging applications. In this study different EOs were loaded 
on FCCs and their chemical stabilities were evaluated. Afterwards, antimicrobial activities of 
FCCs containing EOs were studied against L. innocua in in-vitro tests and in in-situ tests using 
sliced cooked chicken breast. Increase in loading of thyme EO from 5 % to 10 % increased the 
antimicrobial activity after 1 day. Further increase in the loading of EO to 30% resulted in the 
same antimicrobial activity as the 10% loading. In further tests FCCs were loaded with 10 % 
EOs. FCCs loaded with thyme or oregano EO showed the highest reduction in microbial load 
in in-vitro tests at 37°C (≥ 8.6 log cfu/ filter) as well as at 7°C after 6 days (≥ 7.0 log cfu/ filter 
for thyme EO and 6.5 log cfu/ filter for oregano EO). In in-situ tests FCC loaded with either 
EO did not show any significant antimicrobial activity. FCCs loaded with cinnamon or 
rosemary EO did not show any significant antimicrobial activity in in-vitro tests. However, they 
showed a significant reduction in microbial load (1.7 log cfu/g for cinnamon and 2 log cfu/g 
for rosemary) in in-situ tests. 

Keywords: Functionalised calcium carbonate, essential oils, active packaging, antimicrobial 
packaging, sliced cooked chicken breast 
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INTRODUCTION 
Food packaging plays an important role in food safety and food quality. Food-related 
microorganisms can lead to food spoilage but can also cause various food-borne diseases, which 
is one of the main public health concerns1. Listeria monocytogenes is one of the most harmful 
food-borne pathogens and causes listeriosis. In 2016, 0.47 listeriosis cases per 100’000 
population was reported in the EU member states with a fatality rate of 16.2 %2. The vast 
majority of listeriosis cases are foodborne (99 %) and are typically linked to ready-to-eat foods 
(RTE), especially meat products3-5. One reason for this is that the surface of the RTE meat 
products may get contaminated with ubiquitous L. monocytogenes, for example during 
processing by transfer via equipment such as slicers. Even if the product is afterwards stored at 
refrigeration temperature, L. monocytogenes is able to grow3,6,7. In general, the control of meat-
borne pathogens will continue to be one of the major goals in the future. 
One strategy to combat with the pathogens in food would be the use of antimicrobial packaging 
technologies to inhibit the growth of spoilage microorganisms and pathogens in food. Among 
the antimicrobial packaging systems, those containing volatile essential oils (EOs) are 
especially interesting, where the packaging has no direct contact with the food and the 
antimicrobial activity has to be ensured through the headspace8-10.
EOs are natural products extracted from plant materials such as flowers, buds, leaves, stem, 
bark and seeds. They are well known for their antimicrobial activity and their effect on a wide 
range of microorganisms has been extensively studied in in-vitro and in food tests (in-
situ)1,8,11,12. Major components of the EO usually define the antimicrobial activity, but there are 
often synergies with the minor components. For this reason, their mode of action also includes 
several targets in the bacterial cell. The lipophilic nature of EOs enables them to partition in the 
lipids of the cell membrane and mitochondria, make them permeable and lead to the leakage of 
cell contents13,14. One challenge in the use of volatile EOs for antimicrobial packaging is that 
they have to be integrated into the packaging without losing their efficiency. As well they need 
a suitable inert carrier system to avoid the direct food contact by flowing around of the EOs 
within the package and to ensure a controlled release into the packaging gas phase to maintain 
and ensure the antimicrobial activity during the whole shelf life of the food product8,15.
In recent years, highly porous particles have been increasingly used to carry active ingredients 
in the fields of pharmaceutics and food technology16-18. Omya International AG has developed 
a family of inorganic, mineral-based particles (silicate free) with a high porosity and extended 
surface area by exposing natural ground calcium carbonates in a shear field to conditions of 
controlled temperature and a non-stable pH in the slightly acidic range. Those particles are 
referred to as functionalised calcium carbonates (FCC). FCCs have hydrophilic surfaces and 
consist of hydroxyapatite (HAP) and calcium carbonate crystal structures19. They have a size 
of 5-15 µm and have a highly developed surface and internal structure.
Being used as carriers, they have shown unique effects such as increasing the solubility of 
hydrophobic actives in water16, enabling the formulation of very fast releasing systems (oral 
dispersible tablets)17 and sustained release applications18.
In this study, the potential of FCC was uniquely investigated as a carrier system for EOs, 
towards the development of an antimicrobial packaging. First, EOs, namely rosemary, oregano, 
cinnamon, clove and thyme EOs were loaded on the FCC powder and their stability were 
evaluated. Afterwards the effect of loading concentration of EO on FCC powder on the in-vitro 
antimicrobial activity against L. innocua was studied. Finally, the in-vitro and in-situ (using 
sliced cooked chicken breast) antimicrobial activities of the FCCs loaded with EO against 
Listeria innocua were investigated. 
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MATERIALS AND METHODS

Essential oils and Carrier
Cinnamon bark EO 65 % Ceylon (Cinnamomum zeylanicum), clove bud EO (Eugenia 
caryophyllus), Oreganum 70 % EO Balkans (Origanum vulgare hirtum), Rosemary EO 
Morocco (Rosmarinus officinalis leaf oil) and Thyme red EO Hungary (Thymus vulgaris 
flower/Leaf oil) were purchased from Bernardi Group (France). All EOs were stored in the dark 
at 21 ± 1°C and utilised before the expiration date.

FCC is a calcium carbonate which has undergone partial recrystallisation to form a variable 
layer of lamellae of calcium phosphate (hydroxyapatite) on the surface of the particles. The 
FCC used had a median particle size (d50%) of 5.5 μm, a top cut (d98%) of 17 μm and a specific 
surface area of 110 m2/g and an intraparticle pore volume of 1.22 cm3/g as measured by mercury 
intrusion porosimetry (MIP) as provided by Omya International AG (Oftringen, Switzerland) 
(Figure 1).

Insert Figure 1 here

Loading of FCC with essential oil
Before loading, the FCC was dried in an oven at 150°C over night. Loading with 5 wt%, 
10 wt%, and 30 wt% was achieved using a modified incipient wetness impregnation16,20. The 
EOs were directly added to the carrier without further solvent dilution. The prepared powders 
were stored under nitrogen atmosphere in the dark at 21±1°C. To evaluate the antimicrobial 
activity, 0.9 g of the FCC powder loaded with EO was weighed into heat sealable tea bags 
(55 x 80 mm, Special Tea Company®, USA) directly before testing the antimicrobial activity.

Stability analyses of essential oils loaded on FCC
After the loading procedure, each sample (unloaded material, loaded material and pure oil) was 
weighed trice (triplicate) in 40 mL clear glass vials with PTFE caps. The loaded porous 
material’s weight corresponded to 0.1 g of EO. The internal standard (IS) solution (min. 20 mL) 
was prepared on the day of the first measurement (t0) and filled into dark GC vials (one for 
each measuring date). All vials were stored in a refrigerator. The extraction of the first samples 
(t0) was performed on the same day as the loading of EOs on FCC. Other samples were stored 
at 4°C with 80 % humidity in dark conditions for 30 days.

Extraction for GC/MS analysis
At the end of each storage period, 20 mL ethanol were added to the vial. The suspension was 
stirred for 15 min at room temperature and centrifuged in PTFE tubes (10 min at 12’000 rpm). 
1.5 mL of supernatant and 20 µL of IS solution were pipetted into a GC vial. The mixture was 
analysed by GC/MS. Each replicate was measured twice resulting in six measurements for one 
sample.

Pure oil preparation for GC/MS analysis 
At the end of the storage period, 20 mL ethanol were added to the stored pure oil (110-130 mg). 
1.5 mL of solution and 20 µL of IS solution were pipetted into a GC vial. The mixture was 
analysed by GC/MS. Each replicate was measured twice resulting in six measurements for one 
sample.

GC/MS parameters
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A GC Clarus 680 coupled with an MS Clarus SQ8T from Perkin Elmer was used. An Optima® 
5 MS Accent (1.0 µm, 60 m * 0.32 mm ID) from Macherey-Nagel was used. The injector’s 
temperature was set to 300°C. 0.5 µl of sample were injected in the “normal” speed with a split 
of 30 mL/min. The column’s temperature has been held at 80°C for 1.30 min, 30°C/min to 
250°C and held for 10.03 min. The pressure was held at 70 kPa. A solvent delay of 4.3 min was 
used. A full scan was performed between 25 and 400 m/z. The different sets of peaks for each 
EOs were characterised by means of a NIST library and integrated. The areas were normalized 
with the one of the IS. Their area-percent were reported.

Preparation of inoculum for in-vitro and in-situ antimicrobial activity tests 
Gram- positive bacteria Listeria innocua (ATCC 33039, a Listeria monocytogenes surrogate) 
were selected for the evaluation of the antimicrobial activity of FCCs loaded with EOs in in-
vitro and in-situ tests. For in-vitro tests overnight cultures of L. innocua were prepared in 10 ml 
Brain Heart Infusion (BHI) Broth (Biolife, Italy) at 37°C for 12 -18 hours and for in-situ tests 
microorganisms were adapted at 7°C in BHI broth for 5 to 7 days. After cold adaption each 
culture was centrifuged at 4000 rpm for 2 min at room temperature (Sigma 3-18K). The 
centrifugation pellets were washed 2 times with 8 mL of 0.1 % peptone water including 0.85 % 
NaCl (diluting solution) and recentrifuged. After washing and centrifugation, the cultures were 
resuspendet in diluting solution. The concentrations of microorganisms were determined with 
a Neubauer improved counting chamber (0.1 mm x 0.0025 mm) and afterwards diluted to a 
final concentration of 107 colony forming units (cfu)/mL for in-vitro and in-situ tests.

Antimicrobial activity tests of FCCs loaded with essential oil in agar plates
An inoculum concentration of 104 cfu/mL L. innocua in sterile water was adjusted for every in-
vitro antimicrobial activity test. 100 mL of the inoculum was sterile-filtered through a cellulose 
nitrate filter with a pore size of 0.45 µm (Sartorius Stedim Biotech GmbH, Germany) for every 
test to adjust the initial concentration to 106 cfu/ filter. Afterwards, cellulose nitrate filters were 
transferred in sterile plastic petri dishes with 60 mm diameter (Eppendorf, Germany) on 
Tryptone Soya Agar (TSA) (Oxoid, UK). The loaded EO FCCs and untreated FCC (negative 
control) were placed in the lid of each petri dish to avoid direct contact. The headspace volume 
was adjusted to approximately 14.5 cm3. Then petri dishes were sealed with a rubber ring, 
wrapped with Parafilm and packed individually in PET ax/PE high barrier bags (Wipf AG, 
Switzerland) with a volume of max. 160 cm3 for incubation at 37°C for 1 or 6 days. After the 
incubation period, cellulose filters were removed from TSA, transferred into 10 mL BHI broth 
and vortexed for 15 minutes at room temperature. The antimicrobial activity of FCCs loaded 
with EO were determined by detecting colony forming units by spread-plate method using BHI 
agar after an incubation of approximately 24 h at 37°C. Microbiological counts were expressed 
as logarithms of the number of cfu per filter (log cfu/ filter). All tests were performed in 
triplicates, unless otherwise stated. 

In-situ antimicrobial activity tests of FCCs loaded with essential oil on sliced cooked 
chicken breast in petri dishes
Sliced cooked chicken breast (chicken breast meat, nitrite salting mix, seasoning mix, glucose 
syrup, glucose, maltodextrin, sugar, yeast extract, thickening agent: E407a, locust bean gum, 
stabiliser: E450, antioxidant: E301, aroma) (Optigal Pouletbrust) were delivered freshly packed 
under modified atmosphere from Micarna SA, Switzerland. Samples from each slice of the 
tested meat products with a diameter of 60 mm (3.1 -3.2 g) were cut out and transferred in 
sterile plastic petri dishes with 60 mm diameter (Eppendorf, Germany). 0.1 mL of the inoculum 
containing 107 cfu/mL L. innocua was spread over the sliced cooked chicken breast. EO loaded  
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FCCs and untreated FCC (negative control) were placed in the lid of each petri dish to avoid 
direct contact. The initial microbial load of each sample was also detected. Headspace volume 
was adjusted to approximately 19.5 cm3. Then petri dishes were sealed with a rubber ring, 
wrapped with Parafilm and packed individually in PET ax/PE high barrier bags (Wipf AG, 
Switzerland) with a volume of max. 250 cm3 for incubation at 7.5°C ± 0.4°C for 1 or 6 days.
After incubation and storage, meat samples were diluted 1:10 with Half Fraser Broth (Biokar 
Diagnostics, France) homogenised for 120 s at 300 rpm using a stomacher (Seward Stomacher 
400 circulator). Microbial load of all samples was determined by a cultural spread-plate method 
after serial dilutions on Agar Listeria acc. to Ottaviani & Agosti (ALOA) (Oxoid, UK). 
Additionally, the initial microbial load and the recovery rate of bacteria was detected 1 hour 
after sample preparing (t0). Microbiological counts were expressed as logarithms of the number 
of cfu per gram (log cfu/g). All tests were performed in triplicates. 

Statistical analysis
All results are expressed as means ± standard deviation (SD). The data were analysed by one-
factorial analysis of variance (ANOVA) with statistical software package R, version 3.6.1. In 
order to detect differences between specific factor levels, a post-hoc analysis with error inflation 
correction following Tukey HSD was applied. If data were not normally distributed Kruskal-
Wallis, a pairwise Wilcoxon test was performed. Statistically significant differences were 
assumed if P < 0.05.

RESULTS & DISCUSSION

Chemical stability of essential oil loaded on FCC
Although the capability of FCC being used as a carrier has been widely demonstrated in the 
past 16-18,21, there is also evidence that FCC might trigger ester hydrolysis due to its high surface 
area. While the ester hydrolysis products still may exhibit antimicrobic activity, this uncertainty 
asked for a stability analysis of the EOs in terms of a quantitative monitoring of the alteration 
of the main components. Although slight variations are expected because they happen also in 
the bulk liquid over time, disruptive changes on the FCC need to be ruled out by analysis. 

Table 1 reveals that no major changes in the composition of essential oils can be observed. For 
rosemary, thyme and cinnamon oils, the changes for all main components are <1.5% and is not 
significant compared to the measurement errors (see Table 1). Oregano oil is stable as well and 
the increase in Cavacrol can most likely be analysed as a larger error in of the measurement at 
t0. For the clove oil, the data suggest an approx. 5% point conversion from eugenyl acetate to 
eugenol within 30 days as expected. Pure essential oils were also analysed over the time period 
without being able to observe any change in their compositions.

These results suggest that specific EOs can be used in combination with FCC. It remains to be 
investigated in detail if the observed minimal changes, may be beneficial in terms of microbial 
activity or not. From a stability point of view, only rosemary, thyme and oregano oil are stable 
as oils on FCC.

Optimisation of essential oil loading on FCC
The handling of liquids, especially concentrated EOs, can be challenging. Loaded EOs into 
porous carriers (Figure 1) produces a solid powder that safely contains the oil and is easy to 
handle. The amount of oil that can be loaded before the powder starts to form lumps, depends 
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on the intra particle pore volume available. In Figure 1C, the intra particle volume is presented 
by the small peak at approx. 0.15 µm while the larger peak at approx. 2.5 µm renders the inter 
particle pores. Release rate of EOs as well as the total amount of EOs released depend on the 
amount of the EO loaded. Loading an active on a carrier and thus increasing the surface area 
that is in contact with the release medium can increase release rates 16,21.
In order to evaluate the effect of the amount of EO loaded into FCCs on the antimicrobial 
activity, FCCs were prepared with 5 wt%, 10 wt% as well as 30 wt% thyme EO. Subsequently, 
the antimicrobial activity against L. innocua under optimal growth conditions at 37°C on TSA 
(in-vitro) was evaluated. 
When untreated FCC was used L. innocua grew from 5.4 log cfu/ filter (t0) to 9.9 cfu/ filter 
after 1 day and stayed constant afterwards until 6 days (Figure 2). FCC with 5 % thyme EO 
loading reduced the microbial load from 5.4 log cfu/ filter to 3.9 log cfu/ filter after 1 day. 
Microbial load was further reduced and was below the detection limit (1 log cfu/ filter) after 6 
days. Increasing the loading of EO to 10 wt% further increased the antimicrobial activity. 
Indeed, microorganisms were already strongly inhibited after 1 day where microbial load was 
below the detection limit of 1 log cfu / filter. No significant growth was observed afterwards 
until the testing period of 6 days. FCC samples with 30 wt% loading showed the same 
antimicrobial activity as FCCs loaded with 10 wt%. Studies have shown that depending on the 
concentration of the EOs they may prolong the lag phase of microorganisms, reduce their 
growth rate or even fully inhibit their growth 1,22. In this study, FCCs with 10 wt% and 30 wt% 
loadings showed very high antimicrobial activities and killed all the inoculated microorganisms 
already within the first day of storage. A reduction of ≥ 8.9 log cfu/ filter or ≥ 8.6 log cfu/ filter 
was detected after 1 day and no growth was observed afterwards until day 6. In conclusion, 
since FCC loaded with 10 wt% EO showed higher antimicrobial activity compared to the 5 wt% 
loaded one and the same antimicrobial activitiy compared to the 30 wt% loading, 10 wt% 
loading was selected for further evaluation of the antimicrobial activity of FCCs loaded with 
EO. 

Insert Figure 2 here

In vitro screening of the antimicrobial activity of different essential oils loaded on FCC
In order to study in vitro the antimicrobial activity of different EOs loaded on FCC, FCC 
powders were prepared with 10 wt% of cinnamon, thyme, clove, rosemary or oregano EOs.  
Their antimicrobial activities were evaluated against L. innocua on TSA agar under the optimal 
growth conditions at 37°C (Figure 3) as well as under cold storage conditions at 7°C (Figure 
4). Selection of the EOs were based on previous studies where they were shown to have 
antimicrobial activities in in-vitro and in food systems 1,8,11,13. L. innocua grew from 5.4 log 
cfu/ filter to 9.9 log cfu/ filter within 1 day and remained at this level until day 6 in samples 
with untreated FCC (negative control). When FCC was loaded with 10 wt% clove EO, L. 
innocua grew from 5.4 log cfu/ filter to 9.0 log cfu/ filter after 1 day showing no significant 
reduction in the growth. After 6 days microbial loading decreased to 6.8 log cfu/ filter showing 
a significant reduction of 2.9 log cfu/ filter compared to negative control. FCCs loaded with 
rosemary EO showed a significant reduction of 4.1 log cfu/ filter already after 1 day. However, 
L. innocua grew afterwards and after 6 days, no significant difference (P ≥ 0.05) between the 
sample and the untreated FCC was observed. FCC samples loaded with 10 wt% cinnamon EO 
significantly reduced L. innocua load from 5.4 log cfu/ filter to 3.5 log cfu/ filter after 1 day. 
After 6 days the microbial load was below the detection limit of 1 log cfu/ filter.
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FCC samples with 10 wt% thyme or oregano EOs showed the highest antimicrobial activity 
and decreased the microbial load to below the detection level after 1 day. No growth was 
observed within the next 6 days resulting in a significant reduction of ≥ 8.7 log cfu/ filter.

Insert Figure 3 here

Since many perishable foods prone to microbiological growth are stored at refrigeration 
temperatures the antimicrobial activity of FCC loaded with EOs was also determined at 7°C. 
At 7°C, the growth of L. innocua was less pronounced for untreated FCCs compared to 37°C. 
An increase of microbial load from 5.2 log cfu/ filter to 6.2 log cfu/ filter and 8.0 log cfu/ filter 
was detected after 1 and 6 days, respectively. The antimicrobial activity of the tested FCCs 
loaded with EOs was also lower at 7°C compared to 37°C. It is known that environmental 
factors, such as storage conditions, primarily temperature and relative humidity influence the 
release of volatile antimicrobial components from EOs23. In a study they showed that a decrease 
in temperature led to a decrease in the diffusion coefficient of the main components of EOs, 
which would result in lower antimicrobial activities23. FCC loaded with rosemary or clove EO 
showed no significant reduction in microbial load compared to negative control within 6 days. 
FCC with cinnamon EO showed no significant antimicrobial activity after 1 day but microbial 
load decreased afterwards and resulted in a significant reduction of 2.8 log cfu/ filter compared 
to negative control after 6 days. No significant reduction in microbial load was detected with 
FCC loaded with oregano EO after 1 day. However, L. innocua load decreased to 1.5 log 
cfu/ filter after 6 days resulting in a reduction of 6.5 log cfu/ filter. FCCs with thyme EO loading 
showed already after 1 day a significant reduction in L. innocua load (4.3 log cfu/ filter) 
compared to the FCC untreated samples (6.2 log cfu/ filter). After 6 days the microbial load 
was reduced to below the detection limit resulting in a reduction of ≥ 7.0 log cfu/ filter. 

Insert Figure 4 here

In-situ antimicrobial activity of FCC loaded with essential oils
Although EOs show high antimicrobial activities in in-vitro tests, it has been demonstrated that 
their antimicrobial activities in food systems are generally lower due to the complexity of food 
products8. In order to achieve a similar antimicrobial effect, higher EO concentrations are often 
required in food tests13,24. Therefore, the antimicrobial activity of FCCs loaded with 10 wt% 
cinnamon, thyme, clove, rosemary or oregano EO against L. innocua was also studied with 
sliced cooked chicken breast in petri dishes at 7°C (Figure 5). 
No growth of L. innocua could be detected on sliced cooked chicken breast after 1 day for all 
tested FCCs. These results indicate an extension of the lag phase compared to the in-vitro tests 
at 7°C. After 6 days, the bacterial count increased from initial 6.7 log cfu/g to 8.9 log cfu/g for 
untreated FCCs. This growth is comparable with the results observed in in-vitro tests at 7°C on 
TSA plates. FCCs with thyme, clove and oregano EO showed no significant log reduction 
compared to control samples after 6 days. Significant reduction of 2 log cfu/g or 1.7 log cfu/g 
was achieved after 6 days with FCCs loaded with rosemary EO or cinnamon EO, respectively. 
The antimicrobial activities are considerably lower than the antimicrobial activities achieved in 
the in-vitro tests at 7°C. Many studies have shown that active packaging systems containing 
EOs lead to high antimicrobial activities in experiments with model systems or in in-vitro tests. 
However, such high activities could not be confirmed in tests with real foods13,24,25. This is 
probably due to interactive effects of several intrinsic factors such as pH value, water activity, 
fat and protein content, additives, salts but also extrinsic factors such as storage temperature 
and gas composition. It is assumed that high protein and fat contents protect bacteria from the 
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effects of EOs. EOs may dissolve in the fat phase and are therefore not available anymore in 
the aqueous phase to combat microorganisms or they are available in too low concentrations. 
Another assumption is that the low water content in food compared to laboratory media reduces 
the effectiveness of EOs. In addition, the higher availability of nutrients in food may help 
bacteria to repair damaged cells more quickly. A further assumption is that the food structure 
itself weakens the effect of EOs by limiting its diffusion processes. Concurrently, the EO 
concentration must be higher in high-fat foods than in low-fat foods. In addition to all these 
aspects, the microbiological flora of the food can also influence the antimicrobial activity of the 
active packaging system13,26.
In this study it could was demonstrated that rosemary EO has an antimicrobial effect against L. 
innocua on sliced cooked chicken meat through the vapour phase. A direct comparison with 
other literature data is difficult as the antimicrobial effect of EOs in other studies is often tested 
in direct contact with the food9,27. Additionally, it was demonstrated that the effectiveness of 
different EOs were different in in-vitro and in food tests. Thyme or oregano EOs showed the 
highest antimicrobial activities in in-vitro tests but showed low antimicrobial activities with the 
tested food. Cinnamon or rosemary EOs showed low or no antimicrobial activities in the in-
vitro test but showed significant log reduction on sliced cooked chicken breast. In another study, 
differences in antimicrobial activities in in-vitro and in in-situ (with food) tests were also 
observed. Although bergamot EO, lemon EO and linalool showed antimicrobial activity against 
gram-positive Camphylobacter jejuni in in-vitro studies, only linalool showed antimicrobial 
activity in in-situ studies with chicken skin24. 

Insert Figure 5 here

CONCLUSION 
In this study, it has been demonstrated that highly porous FCC, with its high surface area, can 
be used to integrate and release EOs in a controlled way in a closed vessel in order to control 
antimicrobial activity. The chemical stability of the different EOs (Thyme, Rosemary, Oregano 
and Cinnamon) loaded into FCC was also reported and shown to be stable (∆<1.5%). Clove oil 
show an increase in the active substance Eugenol. It is supposed to experience a conversion 
from Eugenyl acetate to Eugenol via ester hydrolysis. Concerning the antimicrobial activity of 
the loaded FCC, the temperature affected the antimicrobial activity of the FCCs loaded with 
EOs, probably due to its effect on the release of the EOs. Antimicrobial activities of the EOs 
loaded FCCs against L. innocua were different in in-vitro tests with agar plates than that in in-
situ tests (through the vapour phase) with cooked sliced chicken breast. This clearly indicates 
that the selection of EOs that can be integrated into packaging to develop antimicrobial 
packaging should be done based on the in-situ test with the targeted food. As a next step FCCs 
loaded with EOs will be integrated into packaging material to study the antimicrobial activities 
under real packaging and storage conditions. 

ACKNOWLEDGEMENTS
This study was funded by the Swiss Innovation Agency (former Commission for Technology 
and Innovation); CTI Project No.: 25176.1 PFLS-LS, Development of active packaging system 
based on ground or modified calcium carbonate. Thanks to Micarna SA for the delivery of the 
meat samples. 

Page 8 of 18

http://mc.manuscriptcentral.com/pts

Packaging Technology and Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

REFERENCES
1. Maisanaba S, Llana-Ruiz-Cabello M, Gutiérrez-Praena D, et al. New advances in active 

packaging incorporated with essential oils or their main components for food 
preservation. Food Rev Int. 2017;33(5):447-515.

2. EFSA (European Food Safety Authority), ECDC (European Centre for Disease 
Prevention and Control). The European Union summary report on trends and sources of 
zoonoses, zoonotic agents and food-borne outbreaks in 2016. EFSA Journal. 
2017;15(12):228 pp.

3. Rød SK, Hansen F, Leipold F, Knøchel S. Cold atmospheric pressure plasma treatment 
of ready-to-eat meat: Inactivation of Listeria innocua and changes in product quality. 
Food Microbiol. 2012;30(1):233-238.

4. Malley TJV, Butts J, Wiedmann M. Seek and Destroy Process: Listeria monocytogenes 
Process Controls in the Ready-to-Eat Meat and Poultry Industry. J Food Prot. 
2015;78(2):436-445.

5. Scallan E, Hoekstra RM, Angulo FJ, et al. Foodborne Illness Acquired in the United 
States - Major Pathogens. Emerg Infect Dis. 2011;17(1):7-15.

6. Bērziņš A, Hellström S, Siliņš I, Korkeala H. Contamination Patterns of Listeria 
monocytogenes in Cold-Smoked Pork Processing. J Food Prot. 2010;73(11):2103-
2109.

7. Herbert U, Kreyenschmidt J. Comparison of Oxygen- and Nitrogen-Enriched 
Atmospheres on the Growth of Listeria Monocytogenes Inoculated on Poultry Breast 
Fillets. J Food Safety. 2015;35(4):533-543.

8. Ribeiro-Santos R, Andrade M, Melo NRd, Sanches-Silva A. Use of essential oils in 
active food packaging: Recent advances and future trends. Trends Food Sci Tech. 
2017;61:132-140.

9. Mulla M, Ahmed J, Al-Attar H, Castro-Aguirre E, Arfat YA, Auras R. Antimicrobial 
efficacy of clove essential oil infused into chemically modified LLDPE film for chicken 
meat packaging. Food Control. 2017;73:663-671.

10. Pereira de Abreu DA, Cruz JM, Paseiro Losada P. Active and Intelligent Packaging for 
the Food Industry. Food Rev Int. 2012;28(2):146-187.

11. Yildirim S, Röcker B, Pettersen MK, et al. Active Packaging Applications for Food. 
Compr Rev Food Sci F. 2018;17(1):165-199.

12. Vilela C, Kurek M, Hayouka Z, et al. A concise guide to active agents for active food 
packaging. Trends Food Sci Tech. 2018;80:212-222.

13. Burt S. Essential oils: their antibacterial properties and potential applications in foods - 
a review. J Food Microbiol. 2004;94(3):223-253.

14. Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of essential oils – 
A review. Food Chem Toxicol. 2008;46(2):446-475.

15. Shin J, Harte B, Ryser E, Selke S. Active Packaging of Fresh Chicken Breast, with Allyl 
Isothiocyanate (AITC) in Combination with Modified Atmosphere Packaging (MAP) 
to Control the Growth of Pathogens. J Food Sci. 2010;75(2):M65-M71.

16. Lundin Johnson M, Noreland D, Gane P, Schoelkopf J, Ridgway C, Millqvist Fureby 
A. Porous calcium carbonate as a carrier material to increase the dissolution rate of 
poorly soluble flavouring compounds. Food Funct. 2017;8(4):1627-1640.

17. Stirnimann T, Di Maiuta N, Gerard DE, Alles R, Huwyler J, Puchkov M. Functionalized 
Calcium Carbonate as a Novel Pharmaceutical Excipient for the Preparation of Orally 
Dispersible Tablets. Pharm Res. 2013;30(7):1915-1925.

Page 9 of 18

http://mc.manuscriptcentral.com/pts

Packaging Technology and Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

18. Eberle VA. Floating gastroretentive drug delivery systems based on functionalized 
calcium carbonate Dissertation: http://edocunibasch/diss/DissB_11966. 2016.

19. Gantenbein D, Schoelkopf J, Matthews GP, Gane Patrick AC. The use of porous high 
surface area calcium carbonate for the adsorption of dissolved and colloidal substances 
from thermo mechanical pulp filtrates. Nord Pulp Pap Res J. 2012;27(3):631- 638.

20. Savva PG, Olympiou GG, Costa CN, Ryzhkov VA, Efstathiou AM. Hydrogen 
production by ethylene decomposition over Ni supported on novel carbon nanotubes 
and nanofibers. Catal Today. 2005;102-103:78-84.

21. Preisig D, Haid D, Varum FJO, et al. Drug loading into porous calcium carbonate 
microparticles by solvent evaporation. Eur J Pharm Biopharm. 2014;87(3):548-558.

22. Valero M, Giner MJ. Effects of antimicrobial components of essential oils on growth of 
Bacillus cereus INRA L2104 in and the sensory qualities of carrot broth. J Food 
Microbiol. 2006;106(1):90-94.

23. Kuorwel KK, Cran MJ, Sonneveld K, Miltz J, Bigger SW. Migration of antimicrobial 
agents from starch-based films into a food simulant. LWT-Food Sci Technol. 
2013;50(2):432-438.

24. Fisher K, Phillips CA. The effect of lemon, orange and bergamot essential oils and their 
components on the survival of Campylobacter jejuni, Escherichia coli O157, Listeria 
monocytogenes, Bacillus cereus and Staphylococcus aureus in vitro and in food 
systems. J Appl Microbiol. 2006;101(6):1232-1240.

25. Otero V, Becerril R, Santos JA, Rodríguez-Calleja JM, Nerín C, García-López M-L. 
Evaluation of two antimicrobial packaging films against Escherichia coli O157:H7 
strains in vitro and during storage of a Spanish ripened sheep cheese (Zamorano). Food 
Control. 2014;42:296-302.

26. Gill AO, Delaquis P, Russo P, Holley RA. Evaluation of antilisterial action of cilantro 
oil on vacuum packed ham. J Food Microbiol. 2002;73(1):83-92.

27. Llana-Ruiz-Cabello M, Pichardo S, Bermudez JM, et al. Characterisation and 
antimicrobial activity of active polypropylene films containing oregano essential oil and 
Allium extract to be used in packaging for meat products. Food Addit Contam Part A. 
2018;35(4):783-792.

Page 10 of 18

http://mc.manuscriptcentral.com/pts

Packaging Technology and Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Table 1: Changes in percentage content (integrated peak area) after 30 days of EOs loaded on FCC measured by extraction and GC-MS. Bold 
numbers indicate relevant components with >5% of content in EO based on manufacturers data sheets.
Plant Rosmarinus officinalis Thymus officinalis Oreganum vulgare Syzygium aromaticum Cinnamomum spp
components \ oils Rosemary Thyme Oregano Clove Cinnamon
Time (day) 0 30 Δ% 0 30 Δ% 0 30 Δ% 0 30 Δ% 0 0 Δ%
Eucalyptol 46.85 (± 0.85) 47.21 (±0.92) +0.35 0.80 (± 3.37) 0.9 (± 2.23) +0.09 1.73 (± 5.08) 1.45 (± 1.69) -0.28 - - - - - -

Camphor 16.79 (± 0.28)
17.07 (± 
0.30) +0.28 - - - 1.21 (± 4.27) 0.96 (± 1.30) -0.25 - - - - - -

α-Pinen 9.50 (± 2.02) 8.74 (± 0.76) -0.76 1.21 (± 1.56) 1.12 (± 1.93) -0.10 - - - - - - 0.62 (± 3.9) 0.51 (± 4.15) -0.11 
Camphene 4.04 (± 1.13) 3.89 (± 1.04) -0.15 0.94 (±1.31) 0.93 (± 1.31) -0.01 0.80 (± 4.07) 0.65 (± 0.49) -0.14 - - - 0.25 (± 1.18) 0.18 (± 2.74) -0.07
β-Pinene 4.26 (± 1.73) 4.17 (± 0.98) -0.10 1.28 (± 0.33) 1.25 (± 1.29) -0.03 0.53 (± 4.07) 0.49 (± 1.36) +0.04 - - - - - -
Thymol - - - 50.28 (± 0.41) 49.99 (± 0.64) -0.29 3.18 (± 6.43) 2.38 (± 1.20) -0.81 - - - - - -
p-Cymene 3.03 (± 1.41) 3.08 (± 3.43) +0.05 21.73 (± 0.17) 23.20 (± 1.00) +1.47 7.27 (± 4.92) 7.53 (± 0.22) +0.26 - - - 2.76 (± 2.86) 2.64 (± 1.04) -0.12
γ-Terpinene 0.10 (± 5.79) 0.09 (± 7.91) -0.01 8.89 (± 0.96) 7.2 (± 1.28) -1.47 4.83 (± 4.75) 3.17 (± 1.55) -1.66 - - - 0.08 (± 5.90) 0.07 (± 3.85) -0.01 
Linalool 0.84 (±1.67) 0.89 (± 1.77) +0.05 3.25 (± 1.03) 3.56 (± 0.65) +0.31 4.03 (± 4.69) 3.12 (± 1.58) -0.91 - - - 3.68 (± 2.29) 3.99 (± 1.47) +0.30
Carvacrol - - - 4.51 (± 0.72) 4.58 (± 1.39) +0.07 65.61 (± 2.52) 71.32 (± 0.70) -6.02 - - - - - -
Eugenol - - - - - - 0.03 (± 17.12) 0 (± 0) -0.0 77.12 (± 0.08) 82.01 (±0.59) +4.60 4.96 (± 0.88) 6.18 (± 0.83) +1.22
Eugenyl acetate - - - - - - - - - 15.86 (± 0.47) 11.28 (± 4.02) -4.57 - - -
β-Caryophyllene - - - 1.14 (± 1.54) 1.17 (± 0.45) +0.03 4.84 (± 4.85) 3.75 (± 1.89) -1.09 6.71 (± 0.14) 6.69 (± 1.11) -0.02 - - -

Cinnamaldehyde - - - - - - - - - - - - 65.76 (± 0.85) 64.28 (±0.56) -1.48

Page 11 of 18

http://mc.manuscriptcentral.com/pts

Packaging Technology and Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Evaluation of the Potential of Functionalised Calcium Carbonate as Carrier 

for Essential Oils with regard to Antimicrobial Packaging Applications

Nadine Rüegg, Barbara Maria Beck, Fabien Wilhelm Monnard, Florentine Marianne Hilty, 

Aurore Wicht, Joachim Schoelkopf, Selçuk Yildirim*

Different EOs were loaded on functionalised calcium carbonates (FCCs) and their chemical 
stability and antimicrobial activities against L. innocua were studied. FCCs loaded with thyme 
or oregano EO showed the highest reduction in microbial load in in-vitro tests at 37°C and 7°C. 
In in-situ tests, FCCs loaded with cinnamon or rosemary EO showed a significant reduction in 
microbial load (1.7 log cfu/g for cinnamon and 2 log cfu/g for rosemary) on sliced cooked 
chicken breast was studied after 6 days.
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Figure 1: SEM images of FCC at different magnifications: (A) 2500x and (B) 7500x as well as pore size 
distribution (C) with the intraparticle pores in the range of 0.004 – 0.38 µm as measured by MIP. 
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Figure 2: Antimicrobial activity of FCC powder loaded with 5 %, 10 % or 30 % thyme EO or untreated FCC 
powder on the growth of L. innocua (ATCC 33090) on TSA plates at 37°C. Results are expressed as mean 

(log cfu/ filter) ± standard deviation (n=5). Same letters within a time point for each sample show that the 
results are not statistically significantly different (P ≥ 0.05). 
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Figure 3: In-vitro antimicrobial activity of FCC powder loaded with 10 % EO (cinnamon, thyme, clove, 
rosemary, oregano) and untreated FCC powder (negative control) on the growth of L. innocua (ATCC 33090) 

on TSA plates at 37°C. Results are expressed as mean (log cfu/ filter) ± standard deviation (n=3). Same 
letters within a time point for each sample show that the results are not statistically significantly different (P 

≥ 0.05). 
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Figure 4: In-vitro antimicrobial activity of FCC powder loaded with 10 % EO (cinnamon, thyme, clove, 
rosemary, oregano) and untreated FCC powder (negative control) on the growth of L. innocua (ATCC 33090) 

on TSA plates at 7°C. Results are expressed as mean (log cfu/ filter) ± standard deviation (n=3). Same 
letters within a time point for each sample show that the results are not statistically significantly different (P 

≥ 0.05). 
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Figure 5: In-situ antimicrobial activity of FCC powder loaded with 10 % EO (cinnamon, thyme, clove, 
rosemary, oregano) and untreated FCC powder (negative control) on the growth of L. innocua (ATCC 33090) 

on sliced cooked chicken breast at 7°C. Results are expressed as mean (log cfu/g) ± standard deviation 
(n=3). Same letters within a time point for each sample show that the results are not statistically 

significantly different (P ≥ 0.05). 
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