
115 

УДК 664.8/9 
 

Marina Ramos,  Ana Beltrán,  Arancha Valdés,  Mercedes A. Peltzer,  
Alfonso Jiménez,  María C. Garrigós,  A. M. Kochnev,  G. E. Zaikov 

CARVACROL  AND  THYMOL  FOR  FRESH  FOOD  PACKAGING 

Keywords: active packaging, carvacrol, thymol, strawberries, bread, thermal properties, volatile profile. 
 

Active packaging is becoming an emerging food technology to improve quality and safety of food products. One of the 
most common approaches is based on the release of antioxidant/antimicrobial compounds from the packaging materi-
al. In this work an antifungal active packaging system based on the release of carvacrol and thymol was optimized to 
increase the post-harvest shelf life of fresh strawberries and bread during storage. Thermal properties of the developed 
packaging material were determined by differential scanning calorimetry (DSC) and thermogravimetric analysis 
(TGA). Volatile compounds in food samples contained in active packaging systems were monitored by using headspace 
solid phase microextraction followed by gas chromatography analysis (HS-SPME-GC-MS) at controlled conditions. 
The obtained results provided evidences that exposure to carvacrol and thymol is an effective way to enlarge the quali-
ty of strawberries and bread samples during distribution and sale. 
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Активная упаковка становится передовой технологией, используемой для повышения качества и безопасно-
сти пищевых продуктов. Один из наиболее распространенных подходов основан на миграции антиоксидантно 
- антимикробных соединений из упаковочного материала. В данной работе для увеличения послеуборочного 
срока хранения свежей клубники и хлеба была оптимизирован состав противогрибковой активной упаковоч-
ной системы, основанной на миграции карвакрола и тимола. При помощи дифференциальной сканирующей ка-
лориметрии (ДСК) и термогравиметрического анализа (ТГА) определены термические свойства разработан-
ного упаковочного материала. Наличие летучих соединений в пищевых образцах, мигрирующих из активной 
упаковочной системы, контролировались при помощи микроэкстракции свободного пространства твердой 
фазы с последующим анализом методом газовой хроматографии в контролируемых условиях (метод HS-
SPME-GC-MS). Полученные результаты свидетельствуют, что воздействие карвакрола и тимола является 
эффективным способом повышения качества образцов клубники и хлеба в процессе их хранения и реализации. 

 
Introduction 

 
Active packaging is the one of most relevant 

approaches to increase the protection and shelf-life of 
fresh food [1]. Active packaging is broad concept that 
can be defined as a system in which the product, the 
packaging material and the environment interact in a 
positive way to extend food shelf-life [2]. Many differ-
ent active agents can be incorporated into the packaging 
material to improve its functionality. The migration of 
the active compound may be achieved by direct contact 
between food and the packaging material or through gas 
phase diffusion from the inner packaging layer to the 
food surface [3,4,5,6].  

Food can be subjected to microbial contamina-
tion that is mainly caused by bacteria, yeasts and fungi. 
Many of these microorganisms can cause undesirable 
reactions and can deteriorate organoleptic and nutrition-
al properties of foods [7]. Different antimicrobial (AM) 
agents (most of them synthetic) are commonly incorpo-
rated directly into the food to diminish food spoilage by 
microorganisms. But this strategy has several disadvan-
tages such as: the rising consumer refusal for food with 
synthetic additives; the useless addition of these agents 
to the food bulk when spoilage occurs primarily on the 
surface and the undesirable modification of food flavor. 
Therefore, antimicrobial packaging is a promising me-
thod to protect food from microbial contamination with 
no need of using synthetic additives in food compostion 
[8]. 

Natural AM agents (AMs) have attracted much 
attention from food and packaging industries by their 
potential action in food preservation. According to Da-

vidson and Zivanovic, natural AM agents can be classi-
fied by their sources in vegetal (herbs and essential oils 
(EOs)), animals (lysozyme, lactoferrin), microbials 
(nisin, natamycin) or antimicrobial polymers (chitosan) 
[9]. In these sense, many studies have focused on the 
AMs present in EOs extracted from plants (basil, thyme, 
oregano, cinnamon, clove, rosemary) consisting on 
complex mixtures of different compounds including 
terpenoids, esters, aldehydes, ketones, acids and alco-
hols [10]. These plant EOs are volatile liquids characte-
rized by a strong odor [11]. Extracts derived from herbs 
and EOs contain many natural compounds such as thy-
mol, linalool and carvacrol with a broad AM range 
against different pathogenic and spoilage microorgan-
isms including Gram-negative [12,13] and Gram-
positive species [14,15]; as well as against yeast [16] 
and molds [17]. In general, these additives are consi-
dered to be safe and they have been classified as GRAS 
(Generally Recognized As Safe) by the American Food 
and Drug Administration [7]. 

Rodriguez et al studied the addition of EOs to a 
wax coating in order to develop an antimicrobial active 
packaging and they assessed their ability to preserve 
strawberries from microorganism contamination by the 
release of AMs from the coating [18]. During this study, 
there was no direct contact between the EOs and the 
food product. Therefore, the chemicals responsible for 
the inhibition of the pathogen growth must have been 
the natural volatile compounds (eugenol, carvacrol, 
thymol) present in the headspace packaging. In other 
study, carvacrol was added to chitosan-based films for 
active packaging and its antimicrobial efficiency against 
food spoilage microorganisms was demonstrated by 
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using a headspace chromatographic technique [19]. 
Gutierrez et al used a cinnamon-based active material to 
increase more than three times the shelf-life of a com-
plex bakery product with minimal changes in the pack-
aging and no additional manipulation steps [20]. 

In addition to microbial contamination, there 
are changes in the food macroscopic properties that also 
induced biochemical reactions and chemical alterations 
in tissues, such as changes in the volatile profile [21] 
and development of undesirable chemicals (i.e. ethanol 
or acetaldehyde) associated with changes in the respira-
tory paths [22]. Flavor is one of the main factors in-
fluencing consumer’s food choice [23]. Volatile com-
pounds are important contributors to flavor and odor of 
fruits, being aroma a very important quality attribute of 
strawberries. The flavor of strawberries is comprised of 
a complex mixture of esters, aldehydes, alcohols, furans 
and sulfur compounds. Esters are the main headspace 
volatiles. Methyl esters amount increases with the plant 
maturation, while ethyl esters amount do not change 
significantly during the fruit growth [24]. 

In the case of bread, aroma has been largely 
studied and many methods have been developed to 
identify the compounds responsible of flavor [25]. More 
than 540 different compounds have been described in 
the complex volatile fraction of bread [26], being alco-
hols, aldehydes, esters, ketones, acids, pyrazines and 
pyrrolines the most important quantitatively, but furans, 
hydrocarbons and lactones were also identified [27]. 

Solid Phase Microextraction (SPME) has be-
come one of the preferred techniques in aroma analysis, 
offering solvent free, rapid sampling with low cost and 
easy preparation. Also, it is sensitive, selective and 
compatible with low detection limits [28]. Placed in the 
sample headspace, SPME is a non-destructive and non-
invasive method to evaluate volatile and semi-volatile 
compounds. In this sense, the extraction of volatile 
compounds released from a great number of foods has 
been carried out by using HS-SPME technique [27, 29]. 

Besides the increasing concern in recent years 
about the use of synthetic polymers due to their poor 
biodegradability and high permanence in the environ-
ment after their use, these materials are still highly 
competitive by their many advantages including low 
cost, good processability and excellent mechanical and 
physical properties. Therefore, the development of an-
timicrobial packaging materials manufactured from 
synthetic polymers, such as low-density polyethylene 
(LDPE), high-density polyethylene (HDPE), polysty-
rene (PS), polyethylene terephthalate (PET) and poly-
propylene (PP) is important by their commercial bene-
fits for food packaging [7]. 

This study focuses on the optimization of anti-
fungal active systems based on the controlled release of 
carvacrol and thymol from polypropylene (PP) films. 
The effectiveness of the developed active films was 
evaluated by studying the headspace volatile composi-
tion of two food samples (bread and strawberries) stored 
at different conditions. This study was carried out by 
headspace Solid Phase Micro-Extraction (SPME) fol-
lowed by gas chromatography analysis (HS-SPME-GC-
MS). Results were correlated with the antimicrobial 
activity by visual observation of the fungal growth in 

the studied food (bread and strawberries). In addition, 
the effect of the studied additives on the thermal proper-
ties of the developed active films was also carried out. 

Experimental 

Materials 
The polymer used in this work was polypro-

pylene (PP) ECOLEN HZ10K (Hellenic Petroleum, 
Greece), kindly supplied in pellets by Ashland Chemical 
Hispania (Barcelona, Spain). Melt flow index (MFI) 
was 3.2 g 10 min-1 determined according to ASTM-
D1238 standard (230 ºC, 2.16 Kg), and density 0.9 g 
cm-3. Carvacrol (98 %) and thymol (99.5 %) were ob-
tained from Sigma-Aldrich (Madrid, Spain). 

Strawberries and sliced bread were purchased 
from a local market. Damaged, non-uniform, unripe or 
overripe strawberries were removed and the selected 
fruits were stored for at least 2 h at 3 ºC to ensure their 
thermal equilibrium. Strawberries were selected for this 
study due to their rapid post-harvest deterioration, 
which constitutes a problem on their commercial distri-
bution. Sliced bread was selected due to the increasing 
consumer demand for fresh bread with long shelf-life. 

 
Preparation of active films 

Active films were prepared by melt-blending 
followed by compression molding by using a method 
previously reported [30]. A Haake Polylab QC mixer 
(ThermoFischer Scientific, Walham, USA) at 190 ºC for 
6 min at rotation speed of 50 rpm was used. Both addi-
tives were introduced in the mixer once the polymer 
was already in the melt state to avoid unnecessary losses 
and to ensure their presence in the final materials. The 
active antimicrobial films were obtained at 190 ºC in a 
hot press (Carver Inc, Model 3850, USA) for 12 min-
utes. The average thickness of the films was around 200 
μm measured with a Digimatic Micrometer Series 293 
MDC-Lite (Mitutoyo, Japan) at five random positions 
around the film. The final appearance of the films was 
completely transparent and homogenous. 

Two active formulations were prepared: PP 
containing 8 wt% of thymol (PPT8) and PP with 8 wt% 
of carvacrol (PPC8). An additional sample without any 
active compound was also prepared and used as control 
(PP0). 
 

Thermal characterization of active films 
 

Thermogravimetric analysis (TGA) 
TGA tests were performed in a TGA/SDTA 

851 Mettler Toledo thermal analyzer (Schwarzenbach, 
Switzerland). Approximately 5 mg samples were 
weighed in alumina pans (70 µL) and were heated from 
30 ºC to 700 ºC at a heating rate of 10 ºC min-1 under 
inert nitrogen atmosphere (flow rate 50 mL min-1). 
 

Differential scanning calorimetry (DSC) 
 

Determination of thermal parameters in inert atmos-
phere 

DSC tests were conducted in a TA DSC Q-
2000 instrument (New Castle, DE, USA) under inert 
nitrogen atmosphere. 3 mg samples were introduced in 
aluminium pans (40µL) and were submitted to the fol-
lowing thermal program: heating from 0 ºC to 180 ºC at 
10 ºC min-1 (3 min hold), cooling at 10 ºC min-1 to 0 ºC 
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(3 min hold) and heating to 180 ºC at 10 ºC min-1. The 
percentage of crystallinity (χ %) for each material was 
calculated according to the following equation, 
 

         

(1) 
where Hm (J g-1) is the latent heat of fusion of the sam-
ple, W is the PP weight fraction in the sample, and Hm

o 
is the theoretical latent heat of fusion for 100 % crystal-
line PP, 138 J g-1 [31]. 
 

Evaluation of oxidation induction time 
 

The antioxidant performance of carvacrol and 
thymol in the developed active films was also studied 
by DSC by determining their oxidation induction time, 
OIT (min) [32, 33]. The OIT value is defined as the 
time to the onset of an exothermic oxidation peak in 
oxidative atmosphere and it was determined by using 
oxygen and air, as the results obtained can be dependent 
on the type of atmosphere used for the analysis. 

OIT tests were carried out by heating samples 
at 100 ºC min-1 under nitrogen (flow rate 50 mL min-1) 
to the set temperature (200 ºC) according to ASTM-
D3895-07 Standard. After 5 min, the atmosphere was 
switched to pure oxygen or air (50 mL min-1). The heat 
flow was then recorded in isothermal conditions up to 
the detection of the exothermic peak indicating the be-
ginning of the oxidation reaction. All tests were per-
formed in triplicate for each formulation. 

 

Study of the effectiveness of the active films to preserve 
perishable food 

 

Observation of fungal growth 
The effectiveness of the developed active films 

was evaluated by putting them in contact with sliced 
bread and strawberries and further observing the occur-
rence of fungal growth on food samples with time. For 
this purpose, food samples were appropriately cut to be 
placed on the base of disposable polypropylene Petri 
dishes (inside dimensions: 88 mm diameter x 12 mm 
high). An additional test was carried out with uncut 
strawberries which were placed into a polyethylene 
suitable food container (250 mL, 4 cm high x 13 cm 
opening diameter) as shown in Figure 1. 

Active films were cut with the appropriate di-
mensions to match the top of the lid of the used contain-
ers in order to release the antimicrobial studied agents 
(carvacrol and thymol) into the packaging headspace. 
The final containers were then sealed with "Parafilm" in 
order to avoid losses of volatile compounds and were 
incubated at 25 ºC and 50% RH in a CM 0/81 climatic 
chamber (Dycometal, Barcelona, Spain) during 15 days. 
Food samples stored with the control film (without 
active compounds) were also studied for comparison. 

 

Headspace analysis by HS-SPME-GC-MS 
 

Food samples (whole strawberries and sliced 
bread) were placed into the polyethylene container de-
scribed in the previous section in direct contact with the 
PP films and samples were extracted at selected times to 
determine the headspace composition. Containers were 
sealed and a PTFE/silicone septum was placed on their 
top part to allow the insertion of the SPME fibre for 
volatiles extraction (Figure 1). Samples were then stored 

in a climatic chamber and tested at different tempera-
tures and days of storage according to the conditions 
shown in Table 1. In this sense, 25ºC and 4ºC were 
selected in order to simulate ambient and refrigerated 
storage conditions, respectively. Three replicates were 
performed for each food sample and day of study. 

HS-SPME analysis of volatile compounds for 
food samples was performed according to a previously 
reported method applied to bread samples [34] with 
slight modifications. Similar conditions to those pro-
posed by G. Blanda et al. Were used in the study with 
strawberries [35]. The SPME fibre used was divinyl-
benzene/carboxen/polydimethylsiloxane 
(DVB/CAR/PDMS) 50/30 µm, StableFlex, 1 cm long 
mounted to an SPME manual holder assembly from 
Supelco (Bellefonte, PA) (Figure 1). Prior to use, the 
fibre was conditioned by following the manufacturer’s 
recommendations. The needle of the SPME device was 
inserted into the container through the septum and the 
fibre was exposed to the food sample headspace for 30 
min at room temperature. The fibre was then retracted 
into the needle assembly, removed from the container, 
transferred to the injection port of the GC unit and im-
mediately desorbed. 

Table 1 - Storage and testing conditions in the head-
space study of food by HS-SPME-GC-MS 

Food sam-
ple 

Temperature 
(ºC) 

Days of study 

Slice bread 25 0 2 5 10 15 - 
Whole 

strawberries 
25 0 2 4 7 10 - 

Whole 
strawberries 

4 0 2 4 7 10 15 

 

.

 
Fig. 1 - Experimental assembly used for headspace 
analysis of whole strawberries by HS-SPME 
 

Analysis of volatiles produced in the headspace 
of bread and strawberries packed samples was per-
formed by using a Perkin Elmer TurboMass Gold GC-
MS (Boston, MA, USA) equipped with a split/splitless 
injector and a quadrupole mass spectrometer operating 
in electronic impact (EI) ionisation mode (70 eV). A 
SPB-5 capillary column (30 m x 0.25 mm x 0.25 m; 
Supelco, Bellefonte, PA, USA) was used. The column 
temperature was programmed from 40 ºC (hold 10 min) 
to 120 ºC (hold 1 min) at 5 ºC min-1, to 140 ºC at 2 ºC 
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min-1 (hold 0 min) and to 230 ºC at 5 ºC min-1 (hold 8 
min). Helium was used as carrier gas at a flow rate of 1 
mL min-1. Ion source and GC/MS transfer line tempera-
tures were 250 and 270 ºC, respectively. Injector tem-
perature was 270 ºC and time for fibre desorption was 
fixed at 5 min in the splitless mode (1.5 min splitless-
period). After every run, the SPME fibre was condi-
tioned for 30 min at 270 ºC in the injector of the gas 
chromatograph followed by a blank analysis to avoid 
carryover of the fibre. 

Identification of volatile compounds in straw-
berries and sliced bread headspace was performed in 
full scan mode (m/z 30-550). Carvacrol and thymol 
were identified by a combination of the NIST mass 
spectral library and gas chromatographic retention times 
of standard compounds. The rest of volatiles were tenta-
tively identified by their GC/MS spectra. In this sense, 
the compounds having  90% similarity with spectra in 
the NIST library were not taken into consideration. 
Chromatographic responses of detected volatile com-
pounds (peak area counts) were monitored for compara-
tive measurements of each compound in the studied 
samples. 
 

Results and discussion 
 

Thermogravimetric Analysis (TGA) 
The effect of carvacrol and thymol on the 

thermal stability of PP films was studied by TGA under 
nitrogen atmosphere. The TGA patterns obtained for PP 
films showed a first degradation step at low tempera-
tures (about 115 ºC) observed only for active films, 
which was associated to the thermal decomposition of 
carvacrol and/or thymol and a second step correspond-
ing to the thermal degradation of the polymer matrix 
[30](Ramos et al., 2012). The first degradation step 
observed for active films was considered as an indirect 
confirmation of the presence of the active compounds 
(thymol and carvacrol) in the polymer matrix after proc-
essing and consequently their ability to act as active 
agents in these materials as it has been reported by other 
authors [36]. 

Table 2 summarizes the temperatures obtained 
for the main degradation step (Tmax), ascribed to the PP 
thermal degradation. No significant differences were 
observed for Tmax values in all samples. These results 
showed that the addition of carvacrol and thymol to the 
polymer matrix did not significantly affect its thermal 
degradation profile in inert nitrogen atmosphere. How-
ever, it would be expectable that a certain amount of 
carvacrol and thymol would be lost during processing, 
since materials are submitted to temperatures above the 
decomposition point of these additives. Therefore, the 
processing parameters, in particular temperature and 
time, should be optimized to avoid the excessive evapo-
ration and consequent loss of these additives incorpo-
rated to PP [37]. 
 

Differential Scanning Calorimetry (DSC) 
 

Determination of thermal parameters in inert atmos-
phere 

Four parameters were determined for the ther-
mal caharacterization of these materials by DSC (Table 
2): cold-crystallization temperature, Tcc (ºC); melting 
temperature, Tm (ºC); crystallization enthalpy, ∆Hc (J g-

1) and melting enthalpy, ∆Hm (J g-1). As can be seen in 
Table 2, melting and cold-crystallization temperatures 
as well as crystallization enthalpy did not show impor-
tant differences for all the studied materials. Neverthe-
less, it should be highlighted that the melting enthalpy 
of PP0 sample was clearly higher than those obtained 
for the active materials. In this sense, crystallinity,  
(%), of samples was calculated according to equation 
(1) to evaluate if the addition of thymol and carvacrol 
could alter the crystallization behavior of PP. A higher 
value for (%) was determined for the PP0 sample. 
Therefore, it could be concluded that the PP crystallinity 
decreases significantly with the addition of thymol and 
carvacrol. This decrease in crystallinity could be due to 
the interactions between the polymer matrix and the 
additive molecules in the PP macromolecular network. 
A similar effect was reported for PP with the addition of 
some commercial synthetic antioxidants, such as Irgafos 
168 and Irganox 1010 [38]. 

Table 2 - TGA, DSC and OIT parameters obtained 
for all samples 

Sample 
Tmax  

(C) 
Tc  

(ºC) 
Tm  

(ºC) 
ΔHc  

(J g-1) 

PP0 461 119 161 95.2 

PPC8 462 118 161 89.2 

PPT8 462 115 159 88.9 

 

Sample 
ΔHm  
(J g-1) 

  
(%) 

OIT  
(min) 

Oxygena 

OIT  
(min) 
Aira 

PP0 99.1 72 
0.9 ± 
0.3 

1.3 ± 
0.4 

PPC8 48.1 38 
8.5 ± 
1.0 

20.7 ± 
2.8 

PPT8 49.5 39 
15.4 ± 

1.7 
38.8 ± 

0.6 
a mean ± SD (n = 3). 

 
Evaluation of the oxidation induction time (OIT) 

 

The determination of OIT is considered a sim-
ple, reliable and fast method for the evaluation of the 
antioxidants efficiency [39], corresponding to relative 
measurements of the materials stability against oxida-
tion. The evaluation of the antioxidant performance of 
carvacrol and thymol in PP is important since they are 
supposed not only to play the role of active additives for 
food, but also to protect the polymer to oxidative degra-
dation during processing and use. 

The evaluation of OIT was carried out in two 
different atmospheres. Air was selected to get a similar 
situation to the real conditions during materials process-
ing or food shelf-life, while the use of pure oxygen 
would represent the most aggressive conditions for 
oxidative degradation. Table 2 shows the results ob-
tained for OIT in both atmospheres. 

In both cases it was confirmed the higher effi-
ciency of thymol as an antioxidant when compared to 
carvacrol. This behavior was also reported by other 
authors who demonstrated that the antioxidant effi-
ciency of thymol was higher in sunflower oil samples 
[40]. In the case of air atmosphere, as expected, OIT 
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values were higher than those obtained in pure oxygen 
atmosphere, since the experiment under air is less ag-
gressive to materials [41]. 

In all cases, the increase in OIT values for PP 
with additives showed the existence of certain antioxi-
dant effect after processing. These results are an addi-
tional confirmation that certain amounts of thymol and 
carvacrol are still remaining in all formulations after 
processing and they would be able to be released from 
the material to foodstuff as active additives. 

 

Study of the effectiveness of the active films to preserve  
perishable food 

 

Observation of fungal growth 
This study was conducted to evaluate the anti-

microbial activity of the developed films and their abili-
ty to act in active packaging formulations to increase the 
fresh food shelf-life. It was based on the visual observa-
tion of the inhibition of the fungal growth on food sam-
ples by the action of the volatile active additives, carva-
crol and thymol. In this sense, some studies by other 
authors showed the effectiveness of these compounds 
against different fungal strains of particular interest in 
the food industry [15]. 

Figure 2 shows the appearance of sliced straw-
berries and bread samples at the beginning of the expe-
riment (day 0) and after the observation of microbial 
growth. Regarding strawberries, satisfactory results 
were obtained for samples in contact with the films with 
additives, since no fungal growth was observed until six 
days of storage. In the case of strawberries in contact 
with the pure PP film (PP0), a rapid growth of microor-
ganisms was observed at the third day of treatment.  

On the other hand, the presence of microorgan-
isms was observed in bread samples in contact with the 
PP0 film after 13 days of storage, in contrast with bread 
with the films with additives where no evidence of mi-
crobial contamination after 45 days of storage was ob-
served. 

However, it was noticed that strawberries lost 
their organoleptic properties in a few days, even before 
the visual evidence of fungal growth, when they were 
cut and stored. For this reason this study was also con-
ducted for uncut strawberries (Figure 3). For the PP0 
film microbial growth was observed after 6 days of 
storage. However, strawberries in contact with the film 
containing 8 wt% of thymol (PPT8) remained unaltered 
after 13 days. At this storage time strawberries pre-
sented a physical deterioration due to the experimental 
storage conditions, but it is important to highlight that 
microbial growth was not observed until the end of the 
study (15 days). 

Similar studies were performed with uncut 
strawberries by other authors, getting satisfactory results 
for samples in contact with films treated with essential 
oils, such as cinnamon, oregano and thyme [18]. Re-
garding thyme and oregano essential oils, their antimi-
crobial activity is due to the high amount of carvacrol 
and thymol in their composition [42]. Other studies 
conducted in different fruits and vegetables also demon-
strated the effectiveness of the constituents of different 
essential oils (eugenol, thymol, menthol or eucalyptol) 
to improve the organoleptic quality of food as well as to 

reduce the microbial growth, by using also a modified 
atmosphere [43]. 

 

 
 
Fig. 2 - Study of the effectiveness of PPO and active 
films containing 8 wt% of thymol (PPT8) to preserve 
cut bread and strawberries by observation of fungal 
growth 
 

In conclusion, results obtained from food sam-
ples in contact with PP films containing carvacrol and 
thymol evidenced the effectiveness of these compounds 
to improve the shelf-life of perishable food, such as 
strawberries and bread. Accordingly, these results also 
indicated the potential to use the developed films in 
active packaging systems to replace the direct addition 
of preservatives in food formulations. 
 

 
 
Fig. 3 - Evaluation of the effectiveness of PPO and 
active film containing 8 wt% of thymol (PPT8) to 
preserve uncut strawberries by observation of fungal 
growth 

 
Headspace analysis by HS-SPME-GC-MS 

 

Figure 4 shows the levels of carvacrol, in terms 
of peak area counts, reached in the headspace of the 



120 

containers with bread slices after 0, 2, 5, 10 and 15 days 
of storage at room temperature. As it can be seen, an 
increase in the amount of carvacrol released from the PP 
films was observed with time for the bread samples. A 
high release of carvacrol was observed at 2 days, being 
released more slowly after 5, 10 and 15 days of storage. 
This mechanism of controlled release could lead to 
shelf-life improvement of the stored samples retarding 
the post-harvest deterioration. This behavior was also 
observed for strawberries. Regarding the thymol release, 
a similar trend was shown for both test food samples. 

Equilibrium modified atmosphere packaging 
(EMAP) is the most commonly used packaging tech-
nology to reduce the high respiration rate of strawber-
ries. It is known that a suitable atmosphere composition 
can reduce the respiration rate of fruits and fungal 
growth with minimal alteration of organoleptic proper-
ties [24]. In this sense, Table 3 shows the compounds 
identified in the headspace of strawberries with PP0 
films after 4 days. One of the most important processes 
occurring during fruit ripening is the increase in volatiles 
contributing to fruit aroma and flavor. The major volatiles 
identified for strawberries stored at room temperature 
include methyl-isopentanoate, 2-methyl-butylacetate, 
methyl-hexanoate and hexyl-acetate. The compounds 
methyl-butanoate and methyl-hexanoate were also 
found in the headspace composition of refrigerated 
strawberries at 4 °C. These results are in accordance 
with those obtained by other authors when studying 
volatile compounds in the same food samples [24, 35]. 

The addition of thymol and carvacrol to PP 
films significantly modified the initial atmosphere com-
position inside packages during the storage of food 
samples due to their release from the film. This fact 
could be related to the inhibition of the volatile identi-
fied compounds (Table 3) that did not were detected in 
samples in contact with PPT8 and PPC8 films after 4 
days of storage. 

On the other hand, ethanol was the main vola-
tile found in the headspace of bread in contact with the 
PP0 film and stored at room temperature for 4 days. 
This compound was resulting from fermentation and/or 
lipid oxidation as it has been reported by other authors 
[27](Poinot et al, 2007). In this sense, commercial bread 
samples in contact with PPT8 or PPC8 films after 4 
days of storage were characterized by significantly 
lower amounts of ethanol, suggesting a reduction on the 
lipid oxidation reactions by the presence of thymol and 
carvacrol. The improvement on the oxidative stability of 
bread could be attributed to the release of carvacrol and 
thymol increasing the shelf-life of bread. 

From these results, it can be concluded that the 
release of both additives from active films to the head-
space of the studied packaged foodstuff increased with 
the storage time, as expected. The volatiles profile ob-
tained by HS-SPME-GC-MS was found to be different 
for samples in contact with PP0 and those with PPT8 
and PPC8, due to the modification of the food head-
space composition by the presence of these additives. 
Therefore, the release of thymol and carvacrol from the 
active PP films has shown to be effective in maintaining 
the quality of strawberries and bread during different 
storage conditions. Finally, it can be concluded that PP 

films with carvacrol and thymol could be a promising 
alternative to increase the shelf-life of different foods-
tuff. 
 

Conclusions 
Carvacrol and thymol have demonstrated their 

potential to be used as active additives in PP films for 
food packaging applications by their controlled antim-
icrobial release to foodstuff and also by the possibility 
to protect food from degradation processes. The addi-
tion of carvacrol and thymol did not significantly affect 
the thermal behavior of PP, but they modified the mate-
rial cristallinity. PP films containing carvacrol and thy-
mol showed a significant increase in OIT values, indi-
cating that the polymer is well stabilized and a certain 
amount of these compounds remained in the polymer 
matrix after processing at relatively high temperatures. 
In this sense, these additives could be furthermore re-
leased from the material playing their role as antimicro-
bial additives. Therefore, it could be concluded that the 
addition of antimicrobial additives as carvacrol and 
thymol at 8 wt% to PP shows potential to improve the 
food quality and safety. 
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Fig. 4 - Release of carvacrol in the headspace of bread slices after 0, 2, 5, 10 and 15 days of storage at room tem-
perature 
 
Table 3 - Identified compounds present in the headspace of food samples packed with PP0 films after 4 days 

Bread stored 
at room temperature 

Strawberries stored 
at room temperature

Strawberries 
refrigerated at 4 ºC

Time 
(min) 

Compound 
Time  
(min) 

Compound 
Time 
(min)

Compound 

1.4 Ethanol 3.2 Methyl isopentanoate 1.9 Hexane 
5.7 2,4-dimethylheptane 5.8 2-methyl butylacetate 3.1 Methylbutanoate 
6.6 2,4-dimethyl heptene 7.4 Methyl hexanoate 3.9 Toluene 
7.8 Isononane 10.6 Hexylacetate 6.8 Isopropyl butyrate 

13.0 4-methyloctane   12.2 Methyl hexanoate 
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Bread stored at room temperature 
with PPC8 films

Days of study Abundance*109

0 644 
2 1086
5 1443 

10 1616 
15 2178007A


