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a b s t r a c t

The objective of the work was to evaluate the use of cinnamon bark-xanthan gum emulsions to preserve
strawberry jam. The optimisation of the methodology used to prepare the emulsions and, the evaluation
of their antimicrobial activity in culture media and in the strawberry jam were investigated. Emulsions
were prepared in either a rotor-stator homogeniser or a magnetic stirrer combined with a high pressure
homogeniser. Microorganism suspensions (103 and 106 CFU/mL), essential oil concentration and mi-
crobial sensitivity were decisive in the emulsions’ antimicrobial activity. The high stress applied to
samples and their heating during homogenisation caused essential oil content losses. The jams prepared
with the oil-in-water emulsions inoculated with Aspergillus flavus, Penicillium expansum, Zygosacchar-
omyces rouxii and Zygosaccharomyces bailii exhibited no growth during the 28 days of analysis The ob-
tained results indicated the suitability of cinnamon bark oil-xanthan gum emulsions for preserving
strawberry jam.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Jams are defined as mixtures, with a suitable gelled consistency,
of sugars, pulp and/or pur�ee of one or more fruits and water.
Despite jam is a stable product due to its high sugar level (69%,
USDA, 2016), there are particular microorganisms, such as moulds
and yeasts, which are able to grow in products with an elevated
amount of sugar.

The use of chemical additives is very effective to prevent food
spoilage owing to moulds and yeasts proliferation. Nevertheless,
consumers have becomemore concerned about the adverse impact
of synthetic additives on human health (Stevi�c et al., 2014). In this
sense, natural preservatives such as essential oils (EOs) had been
extensively used during the last years due to its antioxidant and
antimicrobial properties (Perdones, S�anchez-Gonz�alez, Chiralt, &
Vargas, 2012).

EOs are categorised as flavourings in Europe (Official Journal of
the European Communities, Commission Decision 2002/113/EC,
notified under document number C (2002) 88) and their constitu-
ents are categorised as GRAS (Generally Recognized as Safe) by the
US Food and Drug Administration. Cinnamon EO has demonstrated
a strong antimicrobial activity but few reports show the behaviour
versus moulds and yeasts (Manso, Becerril, Nerín, & G�omez-Lus,
2015). EOs contain volatile compounds and they are highly insol-
uble in water because of their lipophilic nature, and may have
limited contact with microorganisms in high moisture content
foods (Kalemba & Kunicka, 2003). This problem can be successfully
overcome by using oil-in-water (O/W) emulsions, improving the
water solubility of EOs, ensuring sufficient contact with microor-
ganisms and enhancing their antimicrobial effectiveness (Hill,
Gomes, & Taylor, 2013). O/W emulsions can be obtained by a
two-step process (McClements, 2005). A coarse emulsion, or pre-
mix, is firstly obtained by employing a rotor-stator type device.
Then the premix is processed in a high pressure homogeniser. High
pressure homogenisation (HPH) reduces particle droplet size and is
used to produce emulsions with uniform composition and greater
stability (Lee, Lef�evre, Subirade, & Paquin, 2009).

The main objective of this work was to study the use of cinna-
mon bark oil-in-water emulsions to preserve strawberry jams from
fungi contamination. The optimisation of the methodology
employed to prepare the emulsions by reducing active compounds
losses, and their antimicrobial potential against moulds and
spoilage yeasts in strawberry jam were investigated.
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2. Materials and methods

2.1. Microorganism, culture media and reagents

Strains of Aspergillus flavus (CECT 20156), Aspergillus niger (CECT
20156), Penicillium expansum (CECT 20140), Zygosaccharomyces
rouxii (CECT 1229) and Zygosaccharomyces bailii (CECT 12001) were
supplied by the Spanish Type Culture Collection (CECT, Burjassot,
Spain). For culture media, Potato Dextrose Agar (PDA), Yeast
Peptone Dextrose broth (YPDB) and agar were used, all provided by
Scharlab (Barcelona, Spain).

In the emulsions formulation, the cinnamon bark EO (CBEO)was
supplied by Ernesto Vent�os S.A. (Barcelona, Spain) and the xanthan
gum (XG, Satiaxane™ CX 911) by Cargill (Barcelona, Spain). Trans-
cinnamaldehyde 99% was supplied by Sigma-Aldrich (St. Louis, USA)
and n-Hexane by Scharlau (Barcelona, Spain).

2.2. Screening the antimicrobial activity of the CBEO

The CBEO was individually tested against A. flavus, A. niger and
P. expansum following the methodology proposed by Ribes,
Fuentes, Talens, and Barat (2016). Moulds were inoculated on PDA
and incubated at 25 �C for 7 days. The spore solutions (103 and
106 CFU/mL) harvested from a 7-day-old PDA were prepared in
NaCl 0.7% with a haemocytometer. Next 100 mL of each fungal
suspension were spread on the surface of a PDA Petri dish and an
agar plug of this dish (7mmdiameter) was transferred to the centre
of 15 g PDA's Petri dishes with different EO concentrations, which
were established by considering previous studies (Kocevski, Du,
Kan, Jing, & Pavlovi�c., 2013; Manso et al., 2015). The tested EO
concentrations were: 0.03, 0.04, and 0.05 mg/g. To secure EO dis-
tribution, 0.1% of Tween 80 was added to the medium. The controls
with the same amount of Tween 80 were added to the test. Each
dish was sealed with Parafilm® and incubated for 7 days at 25 �C.

Radial mycelial growthwas determined after 1, 3, 5 and 7 days of
incubation by measuring the diameter of the fungal colony. Values
were expressed as mm diameter/day.

The Minimal Inhibitory Concentration (MIC) and the Minimal
Fungicidal Concentration (MFC) of the CBEO were evaluated by
observing the revival or growth of the inhibited mycelial disc
transferred to the untreated PDA for 7 days. The dishes that showed
no growth were taken as the MFC value, whereas those with
mycelial growth indicated the MIC value.

The antimicrobial activity of the CBEO against Z. rouxii and
Z. bailiiwas also evaluated by the methodology adapted from Tyagi,
Gottardi, Malik, and Guerzoni (2014). Yeast strains were grown in
YPD broth medium at 25 �C for 48 h in an orbital shaking incubator
at 120 rpm. Cells were counted in a haemocytometer to obtain an
inoculum density of 103 and106 CFU/mL.

The tested CBEO concentrations were the same as those previ-
ously described, and they were established by considering previous
works (Kocevski et al., 2013; Tzortzakis, 2009). Aliquots of 15 g of
YPD agar with the EO and 0.1% Tween 80 were poured into Petri
dishes. Next 100 mL of the cell solution were spread on the surface
of the YPD agar media dishes. As controls, the YPD agar dishes were
supplemented with the same amount of Tween 80. The inoculated
plates were incubated at 25 �C for 48 h. The MIC values were
determined at the lowest EO concentration with non-visible
growth. All the tests were run in triplicate.

2.3. Study of O/W emulsions

2.3.1. Emulsions preparation
The CBEO (0.06, 0.08, 0.10, 0.12 mg/g) was used as a lipid phase.

To prepare the aqueous phase, 5 mg/g of XG were dispersed in
distilled water and stirred overnight at room temperature. Primary
emulsions were obtained following different steps: i) using a rotor-
stator homogeniser (Ultraturrax, IKA®, Germany) at 10,000 rpm for
1 min and 20,000 rpm for 3 min; or ii) using a magnetic stirrer for
15 min. In both cases, primary emulsions were subjected to HPH in
a Panda Plus 2000 (Gea Niro Soavi S. p. A., Parma, Italy) at 40 or
80 MPa.

2.3.2. Gas chromatography-mass spectrometry analysis
The final EO content in the CBEO emulsions was quantified ac-

cording to the methodology employed for emulsion preparation:
rotor-stator device and/or a high pressure homogenisation at 40
and 80 MPa. For this purpose, 5 mg/g of the XG were dispersed in
distilled water and stirred overnight at room temperature. After
biopolymer dissolution, the CBEO was added to reach a final con-
centration of 0.50 mg/g.

After preparing the O/W emulsions, and independently of the
process used, the EO was extracted by adding 15 mL of n-hexane to
2 g of the O/W emulsion, followed by 2-min vortex agitations. The
mixture was shaken gently and filtered through filter paper. The n-
hexane was evaporated at 40 �C in a rota-vapour. The obtained
extracts were added to 2 mL of n-hexane and analysed in the 6890/
5975 inert GC-MS (Agilent Technologies, USA), equipped with a HP-
5 fused silica capillary column (30 m � 0.25 mm x 0.25 mm). The
oven temperature was held at 60 �C for 3 min, and then raised to
100 �C at 10 �C/min, to 140 �C at 5 �C/min, and finally to 240 �C at
20 �C/min. Helium gas was used as the carrier gas at a constant flow
rate of 1 mL/min. The injector and MS transfer line temperatures
were set at 250 �C and 230 �C, respectively. The parameters for the
MS analysis were EI Ion source, electron energy 70 eV, solvent delay
3 min and m/z 40e550 amu. EO components were identified by
matching mass spectra with the standard mass spectra from the
NIST MS Search 2.0 library (Ribes et al., 2016). The analysis was
repeated three times for each sample.

According to the results obtained in this part of the study, and
those obtained while evaluating the antimicrobial activity of the
CBEO, the concentration of the EOs in the emulsions (0.06, 0.08,
0.10, 0.12 mg/g) and the methodology for preparing emulsions (use
of magnetic stirrer for 15 min and HPH process) were established.

2.3.3. Physico-chemical characterisation of the O/W emulsions
The pH of the emulsions wasmeasured by a Crison Basic 20þ pH

meter (Crison S.A. Barcelona, Spain), and density was determined in
a pycnometer.

Particle size was determined in a laser diffractometer (Master-
sizer 2000; Malvern Instruments, Worcestershire, UK) following
the methodology described by Ribes et al. (2016).

The z-potential was determined according to Ribes et al. (2016)
with a Zetasizer nano-Z (Malvern Instruments, Worcestershire,
UK). All the analyses were run in triplicate.

2.3.4. Antimicrobial activity of the O/W emulsions
The antifungal activity of the CBEO emulsions against A. flavus,

A. niger and P. expansum was determined by the methodology
described in Section 2.2. In this case, 0.50 g of each emulsion (0.06,
0.08, 0.10, 0.12 mg/g of the CBEO and 5 mg/g of XG) was added to
49.50 g of PDA at 50 �C. The controls with a dispersion prepared
with distilled water and XG were added to the test. Each Petri dish
was sealed with Parafilm® and incubated for 7 days at 25 �C. Radial
mycelial growth was determined after 1, 3, 5 and 7 days. Values
were expressed as mm diameter/day. The MIC or MFC values of the
O/W emulsions were studied.

The antimicrobial action of the CBEO emulsions against Z. rouxii
and Z. bailii was also assessed by the previously described meth-
odology. 100 mL of the cell solution (103 or 106 CFU/mL) was spread
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on the surface of each dish that contained YPD agar with emulsion.
The YPD agar with the dispersion prepared with distilled water and
XGwas used as a control. The inoculated plates were stored at 25 �C
for 48 h. The MIC values were determined. All the tests were run in
triplicate.

2.4. Study of the O/W emulsions in strawberry jam

2.4.1. Jam preparation
Strawberry jam was prepared according to Ribes et al. (2016).

The O/W emulsions were added to jam after cooling the product at
ambient temperature and then homogenising. The amount of
emulsions added to strawberry jam was established in order to
achieve a concentration of 1 g of the O/W emulsion in 100 g of jam
in the final product.

2.4.2. Sensory analysis
A sensory analysis was carried out by a semi-trained panel. The

group of assessors was formed by 11 men and 19 women, whose
ages ranged from 21 to 50 years. They were recruited due to their
interest and availability, following the general guidelines UNE-ISO
8586, 2012. Training sessions were carried out in order to intro-
duce the panellists to the sensory analysis and to identify and score
the quality attributes which describes the samples. Tests were run
on a structured 9-point hedonic scale (9 ¼ like very much and
1 ¼ dislike very much) (UNE-ISO 4121, 2003), by which colour,
aroma, taste, consistency and overall acceptance attributes were
evaluated. All the samples were presented to panellists at room
temperature under normal lighting conditions in a transparent
plastic cup coded with random, three-digit numbers. Bread pieces
and spoons were provided to the panellists; drinking water was
also provided for oral rinsing.

2.4.3. Shelf-life of inoculated strawberry jam
Fifteen grams of strawberry jam that contained the O/W emul-

sions (0.08 and 0.10 mg/g of EO and 5 mg/g of XG, homogenised at
40 MPa) were inoculated with 100 mL of the spore and cell solution
(103 CFU/mL). Plates were incubated at 25 �C for 28 days. Three
Petri dishes were prepared per EO concentration, microorganism
and analysis day (n ¼ 150). Moulds and yeast counts were taken in
PDA plates after 72 h of incubation at 25 �C (Pascual & Calder�on,
2000). All the assays were performed in triplicate.

2.5. Statistical analysis

The results obtained in the physico-chemical characterisation of
the O/W emulsions and the antifungal evaluation of the EO and O/
W emulsions were analysed by a multifactor analysis of variance
(multifactor ANOVA). The effect of incorporating the O/Wemulsion
on the sensory attributes of strawberry jamwas evaluated by a one-
way ANOVA. The least significance procedure (LSD) was used to test
for any differences between averages at the 5% level of significance.
Data were statistically processed by Statgraphics Centurion XVI.

3. Results and discussion

3.1. Antimicrobial activity of the CBEO

The results obtained while screening the antifungal activity of
the CBEO are found in Fig. 1. The CBEO increased the Lag phase of all
the moulds evaluated, with a diminution on the germination rate
for both fungal suspensions (103 CFU/mL and 106 CFU/mL). At the
highest EO concentration (0.05 mg/g), mycelial growth was totally
inhibited in all the studied moulds, irrespectively of the fungal
concentration employed. The use of 0.03 and 0.04 mg/g of the CBEO
reduced the growth of A. flavus, A. niger and P. expansum, regardless
of the evaluated fungal suspension.

The inoculum concentration affects the degree of inhibition. In
the most diluted suspension (103 CFU/mL), the CBEO caused the
total inhibition of P. expansum, independently of the EO concen-
tration employed. Furthermore, A. flavus and A. niger were totally
inhibited when 0.04 and 0.05 mg/g of the CBEO was used, respec-
tively. This behaviour reflects the greater resistance of A. niger and
the highest sensitivity of P. expansum to CBEO exposure. The
highest assessed fungal concentration showed 100% mycelial
growth inhibition when 0.05 mg/g of the CBEO was incorporated
into the media.

Antifungal activity could be the result of different activity sites
on microbial cells, such as damage of the enzymatic cell systems
that correlate with the energy production or structural compounds
of EOs, or even the denaturation of the enzymes involved in spore
germination (Guti�errez, Batlle, S�anchez,&Nerín, 2010). The efficacy
of cinnamaldehyde, the main CBEO compound, to inhibit growth of
the fungi of genera Penicillium and Aspergillus has been demon-
strated by L�opez, S�anchez, Batlle, and Nerín (2007). They found that
P. islandicum and A. flavus were completely inhibited by 4.36 mL/L
and 34.9 mL/L, respectively, of a cinnamaldehyde-fortified cinna-
mon EO in the vapour phase, and reported the MIC of cinna-
maldehyde against A. flavus to be 21.8 mL/L.

The MFC values for P. expansum, A. flavus and A. niger were 0.03,
0.04 and 0.05 mg/g, respectively, at the most diluted spore sus-
pension. However, 0.05 mg/g of the CBEO was the MIC at 106 CFU/
mL for the three strains. These results indicate the relation between
the EO concentration and spore solution, and confirm that the
concentration of fungal suspensions plays an important role in
fungal development (Manso, Cacho-Nerin, Becerril, & Nerín, 2013).

The MIC of the CBEO was determined against different yeast
strains (Z. rouxii and Z. bailii) at the 103 and 106 CFU/mL cell sus-
pensions. The EO exhibited concentration-dependent inhibition of
growth, and theMIC of the CBEO varied from 0.04 to 0.05 mg/g. The
results indicated greater antimicrobial activity of the CBEO against
Z. rouxii than against Z. bailii, with a MIC value of 0.04 mg/g. The
highest MIC value (0.05 mg/g) at 103 cells/mL was shown against
Z. bailii (data not shown). The same trend was observed for the MIC
value when the highest cell suspensionwas used (106 CFU/mL). The
obtained data indicated that the yeast suspension concentration
plays a key role in reducing yeast spoilage. Similar results were
obtained by Monu, Techathuvanan, Wallis, Critzer, and Davidson
(2016) when determining the MIC of cinnamon bark and trans-
cinnamaldehyde against Z. bailii.

3.2. Study of the O/W emulsions

3.2.1. Gas chromatography-mass spectrometry analysis
The CBEO components were identified by a GC-MS analysis

(Table 1). The main EO compounds were trans-cinnamaldehyde
(74.56%), caryophyllene (6.5%), eugenol (5.14%), cinnamylacetate
(2.83%) and b-linalool (2.62%). Similar results have been reported
by different authors (Fei, Yi-cheng, Xing-qian, & Yu-ting, 2011;
Mazzarrino et al., 2015). The antifungal properties of the CBEO and
their main component, trans-cinnamaldehyde, have been demon-
strated by several authors (Manso et al., 2013). Some research
works have attributed the antifungal properties of cinnamaldehyde
to the high electrophilic properties of the carbonyl group adjacent
to the double bound, which render it reactive with the nucleophiles
present in microorganisms (Gill & Holley, 2004).

Given the volatility of EOs, it is important to quantify the EO
retained by O/Wemulsions, and to, therefore, adjust the EO content
to be used in emulsion formulations. These results are useful for
optimising the methodology to prepare O/W emulsions. Emulsions



Fig. 1. Antimicrobial activity of the CBEO against (A) Aspergillus flavus, (B) Aspergillus niger and (C) Penicillium expansum after 7 days of incubation at 25 �C (fungal suspensions: 103

and 106 CFU/mL). Media values (n ¼ 3) ± SD.

Table 1
Chemical composition of CBEO. Percentages of relative area (%) are themean of
three runs andwere obtained from electronic integrationmeasurements using
selective mass detector.

Compound CBEO (% relative area)

a-Phellandrene 0.91 ± 0.03
2-Carene 0.45 ± 0.01
o-cymene 1.21 ± 0.03
D-Limonene 0.44 ± 0.00
b-Phellandrene 1.77 ± 0.05
b-Linalool 2.62 ± 0.05
1-Terpinen-4-ol 0.21 ± 0.01
a-Terpineol 0.59 ± 0.00
Trans-cinnamaldehyde 74.56 ± 0.09
Eugenol 5.14 ± 0.13
Copaene 0.86 ± 0.04
Caryophyllene 6.54 ± 0.07
Cinnamylacetate 2.83 ± 0.01
a-caryophyllene 1.17 ± 0.02
Caryophyllene oxide 0.69 ± 0.03

Fig. 2. Percentage (%) of trans-cinnamaldehyde loss from the CBEO emulsions with
different treatments (rotor-stator and/or HPH at 40 or 80 MPa). Mean values
(n ¼ 3) ± SD.
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were analysed by a GC-MS analysis, and losses of EOs while being
prepared using different treatments (rotor-stator homogenisation
and/or HPH process) were determined. EO losses were referred to
trans-cinnamaldehyde.

Trans-cinnamaldehyde losses in the O/W emulsions prepared
with the rotor-stator device were around 40%, and became higher
in combination with HPH (Fig. 2). In contrast, the % of trans-cin-
namaldehyde losses in the emulsions obtained bymagnetic stirring,
and subjected to 40 and 80 MPa of pressure, were 6.80 ± 1.29 and
15.27 ± 2.21, respectively. The emulsion subjected to high pressure
showed a significant (p<0.05) reduction in the % of trans-cinna-
maldehyde losses compared with the emulsion obtained in the
rotor-stator type device. This could be caused by the high stress
applied to samples and their heating during the homogenisation
process, which would promote the degradation of constituents.
Indeed, the higher the pressure applied during the homogenisation
process, the greater the degradation of the EO compounds. These
results agree with those reported by Donsì, Annunziata, Sessa, and
Ferrari (2011) for a terpenes mixture, who observed the degrada-
tion of different active compounds, due to the stress that samples
had to withstand during high shear homogenisation and HPH.

3.2.2. Physico-chemical characterisation of stable O/W emulsions
Different formulations and pressures were used to obtain stable

emulsions. The pH, density, d3,2, d4,3 and z-potential values for the
different emulsions are summarised in Table 2.



Table 2
Mean values (n¼3) ± SD of pH, density (g/cm3), particle size (d3,2 and d4,3), and z-potential of cinnamon bark-xanthan gum O/W emulsion.

Pressure (MPa) 0.06 mg/g EO 0.08 mg/g EO 0.10 mg/g EO 0.12 mg/g EO

pH 40 7.30 ± 0.05c x 7.28 ± 0.02c x 6.79 ± 0.02b x 6.56 ± 0.05a x

80 7.37 ± 0.02c x 7.34 ± 0.02c y 6.95 ± 0.01b x 6.80 ± 0.02a y

r (g/cm3) 40 1.001 ± 0.001a x 1.001 ± 0.001a x 1.001 ± 0.000a x 1.001 ± 0.001a x

80 1.002 ± 0.001a x 1.001 ± 0.001a x 1.001 ± 0.000a x 1.001 ± 0.002a x

d3,2 (mm) 40 2.520 ± 0.018a x 3.215 ± 0.144b x 3.397 ± 0.127bc y 3.532 ± 0.101c y

80 2.501 ± 0.063a x 3.112 ± 0.228b x 2.949 ± 0.073bc x 3.226 ± 0.138c x

d4,3 (mm) 40 6.921 ± 0.426a x 7.547 ± 0.114a x 8.666 ± 0.255b y 9.712 ± 0.597c y

80 5.571 ± 0.071b x 7.490 ± 0.543b x 7.438 ± 0.198b x 7.008 ± 0.541b x

z-potential (mV) 40 �51.9 ± 1.7a x �47.5 ± 0.5b x �47.0 ± 1.5bc x �45.1 ± 0.6c x

80 �54.9 ± 1.1a y �53.4 ± 1.4a y �53.8 ± 0.6a y �51.0 ± 0.4b y

a, b, c, dDifferent superscripts indicate significant differences among EO concentrations (p<0.05).
x, yDifferent superscripts indicate significant differences among different pressure (p<0.05).
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The pH values of the emulsions prepared at 40 MPa varied be-
tween 6.56 ± 0.02 and 7.30 ± 0.05 at ambient temperature, and the
values obtained from the emulsions prepared at 80 MPa varied
between 6.80 ± 0.02 and 7.37 ± 0.02. The pH decrease may be
related with the acid nature and dissociation in the aqueous solu-
tion of some CBEO compounds. Similar results were reported by
S�anchez-Gonz�alez, Vargas, Gonz�alez-Martínez, Chiralt, and Ch�afer
(2009) and S�anchez-Gonz�alez, Chiralt, Gonz�alez-Martínez, and
Ch�afer (2011) when incorporating different EOs into hydrox-
ypropylmethylcellulose film-forming dispersions.

No changes were observed for density when EO content
increased.

As can be observed in Table 2, the higher the oil content in
emulsions, the bigger particle size becomes. This could be due to an
increase in the dispersed phase concentration, which facilitates the
droplet flocculation rate, as well as the reduction in the ratio be-
tween the interfacial stabilising material and the dispersed phase
(McClements, 2005). Similar results have been reported by
S�anchez-Gonz�alez, Ch�afer, Chiralt, and Gonz�alez-Martínez (2010)
in emulsions of bergamot EO and chitosan aqueous systems. Only
for the emulsions prepared with 0.10 mg/g and 0.12 mg/g of the
CBEO a significant (p<0.05) impact on d3,2 was observed. The mean
size values lowered from 3.397 ± 0.127 to 3.112 ± 0.228 mm in the
emulsions prepared using 0.10 mg/g of the CBEO at 40 and 80 MPa,
respectively. The reduction in the mean size values for the emul-
sions formulated with 0.12 mg/g of the EO was more marked, and
the mean size values lowered from 3.397 ± 0.127 to
2.949 ± 0.073 mm in the emulsions subjected to 40 and 80 MPa,
respectively. In contrast, the primary emulsions formulated with
0.06, 0.10 and 0.12 mg/g of the EO and subjected to high pressure
had a significant (p<0.05) impact on d4,3, and showed a reduction
around 1.5 mm. Only in case of the emulsion with 0.08 mg/g of the
CBEO the impact of HPH on d4,3 did not affect significantly (Table 2).

According to McClements (2005), if the electrical charge of
droplets was sufficiently high, the emulsion could become stable
against aggregation due to repulsive forces between droplets.

Generally, particles with a more positive z-potential
than þ30 mV, or a more negative one than - 30 mV, are considered
stable (Heurtault, Saulnier, Pech, Proust, & Benoit, 2003). The
electrical charge of oil droplets in emulsion is shown in Table 2. A
strong negative z-potential was observed in emulsions. The in-
crease in pressure applied during the homogenisation procedure of
emulsions diminished the surface charge of particles with signifi-
cant differences (p<0.05). The decrease in their z-potential values
was more negative than �45.0 mV. The mechanical stress during
HPH can break up the XG, and thus increase the number of mole-
cules to be potentially adsorbed on the O/W interface. This would
explain the observed z-potential strengthening (Salvia-Trujillo,
Rojas Graü, Soliva Fortuny, & Martín Belloso, 2015).
The obtained O/Wemulsions were stable regardless of the effect
caused in the electrical charge of droplets by HPH.
3.2.3. Antimicrobial activity of the O/W emulsions
According to the results obtained in the Section 3.1 and the % of

trans-cinnamaldehyde losses, the concentrations of the tested EO
were 0.06, 0.08, 0.10, 0.012 mg/g.

The antifungal activity of the CBEO emulsions obtained at 40
and 80 MPa against A. flavus, A. niger and P. expansum for 7 days by
using 103 and 106 CFU/mL is shown in Fig. 3.

The O/W emulsions under the tested conditions increased the
Lag phase of all the tested moulds, and the germination rate low-
ered. The O/W emulsions prepared with 0.08 mg/g of the CBEO at
40 MPa for the lowest assayed spore solution (103 CFU/mL) had a
significant antifungal effect (p<0.05) on all the studied moulds.
These emulsions inhibited the growth of A. flavus, A. niger and
P. expansum for 7 days.

The assays in which the fungal suspension was 106 CFU/mL
obtained an increased mycelia growth rate for the three evaluated
fungi. These results once again confirmed the relevance of the
initial fungal concentrations on fungal development (Manso et al.,
2013). Under these conditions, the O/W emulsions prepared with
0.08 mg/g of the CBEO at 40 MPa were able to inhibit the total
growth of A. flavus, A. niger and P. expansum. On the contrary, when
the EO concentration rose above 0.08 mg/g and the pressure
applied to the primary emulsions was 80 MPa, A. niger develop-
ment on culture media occurred.

A similar trend in the growth rate was observed for both fungal
suspensions when the pressures applied to the primary emulsions
increased. The O/W emulsions formulated with 0.06 mg/g of the
CBEO at 80 MPa showed higher mycelial growth than the same
emulsions prepared at 40 MPa. This finding could be related with
the % of trans-cinnamaldehyde losses, which could diminish the
antifungal effectiveness of the O/W emulsions.

The MIC and MFC values of the O/W emulsions formulated with
0.08 mg/g of the CBEO at 40 MPa and 0.10 mg/g of CBEO homo-
genised at 40 and 80 MPa were also evaluated. The MFC of the O/W
emulsions process at 40 MPa was 0.08 mg/g.

The MIC of the O/W emulsions was also determined against
Z. rouxii and Z. bailii at different cell suspensions (103 and 106 CFU/
mL). The lowest MIC (0.06 mg/g) value was obtained at 103 CFU/mL
for both strains by subjecting the primary emulsions to 40 MPa. In
contrast at 106 CFU/mL, a remarkable antimicrobial effect was
observed for Z. rouxii. At this cell suspension, the emulsion's MIC
values for Z. rouxii and for Z.bailii were 0.06 and 0.08 mg/g of the
CBEO, respectively, when applying 40 MPa of pressure (data not
shown). As previously mentioned, the higher the pressures applied
in homogenisation, the bigger the % trans-cinnamaldehyde losses.
This fact affected yeast growth inhibition, which became less



Fig. 3. Antimicrobial activity of the O/W emulsions obtained at 40 and 80 MPa against (A) Aspergillus flavus, (B) Aspergillus niger and (C) Penicillium expansum, after 7 days of
incubation at 25 �C. Fungal suspensions: 103 and 106 CFU/mL. Media values (n ¼ 3) ± SD.
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effective due to loss of active compounds.

3.3. Study of the O/W emulsions on strawberry jam

3.3.1. Sensory analysis
A sensory analysis was carried out to check the acceptability of

the strawberry jam that contained the O/Wemulsions. The samples
tested by panellists consisted of the jam with the CBEO emulsions
at the established concentrations. One jam sample with no EO was
used as a control. The strawberry jam with the O/W emulsions
scored lower for the aroma, taste and overall acceptance attributes
compared with the control samples. No significant differences were
observed between EO concentrations. Consistency and colour
Fig. 4. Sensory profile of strawberry jam. *Indicates 95% significant differences ac-
cording to the ANOVA test (n ¼ 30).
attributes did not significantly differ (p>0.05) from the control
samples (Fig. 4).

3.3.2. Study of the O/W emulsions on strawberry jam
The emulsions prepared with 0.08 and 0.10 mg/g of the CBEO

and homogenised at 40 MPa, were added to strawberry jam. Jams
were inoculated to simulate a possible product contamination and
samples with no inoculation were used as controls.

Microbial development on the strawberry samples that con-
tained the O/W emulsions for 28 days at 25 �C was studied (Fig. 5).
The jams prepared with the O/W emulsions inoculated with
A. flavus, P. expansum, Z. rouxii and Z. bailii showed no growth
throughout the study. For A. niger, a reduction of around 1 log was
observed between the control plates and the samples. These results
agree with those reported above. A. niger showed the greatest
resistance against the CBEO treatment and the O/W emulsions
added to strawberry jam.

Strawberry is sensitive to pathogens, and fungal contamination
is common in this product. Major threatening fungi that reduce the
post-harvest storage life of strawberries include Botrytis, Asper-
gillus, Rhizopus and Penicillium (Lazar, Jobling, & Benkeblia, 2010;
Sharma, 2014, chap. 7). Various reports have demonstrated that
A. niger species members are responsible for the post-harvest decay
of fresh fruits like apples, peaches, citrus, grapes, strawberries and
tomatoes, among others (Perrone et al., 2007). This opportunistic
effect could suggest the greater resistance of A. niger to the O/W
emulsions incorporated into strawberry jam.

4. Conclusions

The optimisation of the methodology to prepare cinnamon
bark-xanthan gum emulsions achieves a trans-cinnamaldehyde
losses around 40%, which are higher in combination with high



Fig. 5. Effect of the O/W emulsions on growth of A) Aspergillus flavus, B) Aspergillus niger, C) Penicillium expansum, D) Zygosaccharomyces rouxii and E) Zygosaccharomyces bailii on
the strawberry jam stored at 25 �C. Inoculum density: 103 CFU/mL. Mean values (n ¼ 3) ± SD.
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pressure homogenisation. Nevertheless, the losses of the emulsions
obtained by magnetic stirring, and subjected to 40 and 80 MPa of
pressure, are below 16%. Moreover, the antimicrobial activity of the
emulsions was determined by fungal suspension, essential oils
concentration and microbial sensitivity to essential oils.

The incorporation of emulsions containing 0.08 mg/g of cinna-
mon bark oil into strawberry jam allows their preservation against
Aspergillus flavus, Penicillium expansum, Zygosaccharomyces rouxii
and Zygosaccharomyces bailii during the whole evaluation period.
Furthermore, this incorporation does no modify product texture or
colour, but negatively affects the aroma, taste and overall accep-
tance of jam.

Although, the obtained results suggest some advantages in the
use of the cinnamon bark emulsions as natural preservatives in
strawberry jam, more studies are needed to reduce the sensory
impact of essential oils. The combination of different natural anti-
fungal agents such as phenolic compounds or zinc salts, could be a
promising alternative to reduce or suppress the changes produced
in foods due to the strong flavour of essential oils.
Acknowledgement

Susana Ribes is grateful to the Universitat Polit�ecnica de
Val�encia (UPV) for a FPI grant.
References

Donsì, F., Annunziata, M., Sessa, M., & Ferrari, G. (2011). Nanoencapsulation of
essential oils to enhance their antimicrobial activity in foods. LWT - Food Science
and Technology, 44, 1908e1914.

Fei, L., Yi-cheng, D., Xing-qian, Y., & Yu-ting, D. (2011). Antibacterial effect of cin-
namon oil combined with thyme or clove oil. Agricultural Sciences in China,
10(9), 1482e1487.
Gill, A. O., & Holley, R. A. (2004). Mechanisms of bactericidal action of cinna-

maldehyde against Listeria monocytogenes and of eugenol against
L. monocytogenes and Lactobacillus sakei. Applied and Environmental Microbi-
ology, 70, 5750e5755.

Guti�errez, L., Batlle, R., S�anchez, C., & Nerín, C. (2010). New approach to study the
mechanism of antimicrobial protection of an active packaging. Foodborne
Pathogens and Disease, 7, 1063e1069.

Heurtault, B., Saulnier, P., Pech, B., Proust, J. E., & Benoit, J. P. (2003). Physicochemical
stability of colloidal lipid particles. Biomaterials, 24(23), 4283e4300.

Hill, L. E., Gomes, C., & Taylor, T. M. (2013). Characterization of b-cyclodextrin in-
clusion complexes containing essential oils (trans-cinnamaldehyde, eugenol,
cinnamon bark, and clove bud extracts) for antimicrobial delivery applications.
LWT-Food Science and Technology, 51, 86e93.

Kalemba, D., & Kunicka, A. (2003). Antibacterial and antifungal properties of
essential oils. Current Medicinal Chemistry, 10(10), 813e829.

Kocevski, D., Du, M., Kan, J., Jing, C., La�canin, I., & Pavlovi�c, H. (2013). Antifungal
effect of Allium tuberosum, Cinnamomum cassia, and Pogostemon cablin essential
oils and their components against population of Aspergillus species. Journal of
Food Science, 78, 731e737.

Lazar, E. E., Jobling, J. J., & Benkeblia, N. (2010). Postharvest disease management of
horticultural produce using essential oils: today's prospects. Stewart Postharvest
Review, 6(3), 1e9.

Lee, S. H., Lef�evre, T., Subirade, M., & Paquin, P. (2009). Effects of ultra-high pressure
homogenization on the properties and structure of interfacial protein layer in
whey protein-stabilized emulsion. Food Chemistry, 113, 191e195.

L�opez, P., S�anchez, C., Batlle, R., & Nerín, C. (2007). Vapor-phase activities of cin-
namon, thyme, and oregano essential oils and key constituents against food-
borne microorganisms. Journal of Agricultural and Food Chemistry, 55(11),
4348e4356.

Manso, S., Becerril, R., Nerín, C., & G�omez-Lus, R. (2015). Influence of pH and
temperature variations on vapor phase action of an antifungal food packaging
against five mold strains. Food Control, 47, 20e26.

Manso, S., Cacho-Nerin, F., Becerril, R., & Nerín, C. (2013). Combined analytical and
microbiological tools to study the effect on Aspergillus flavus of cinnamon
essential oil contained in food packaging. Food Control, 30, 370e378.

Mazzarrino, G., Paparella, A., Chaves-L�opez, C., Faberi, A., Sergi, M., Sigismondi, C.,
et al. (2015). Salmonella enterica and Listeria monocytogenes inactivation dy-
namics after treatment with selected essential oils. Food Control, 50, 794e803.

McClements, D. J. (2005). Food Emulsions: Principles, practice, and techniques (2nd
ed.). Boca Raton, FL: CRC Press.

http://refhub.elsevier.com/S0023-6438(16)30832-5/sref1
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref1
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref1
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref1
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref2
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref2
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref2
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref2
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref3
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref3
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref3
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref3
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref3
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref4
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref4
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref4
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref4
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref4
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref4
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref5
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref5
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref5
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref6
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref6
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref6
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref6
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref6
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref7
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref7
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref7
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref8
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref8
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref8
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref8
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref8
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref8
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref8
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref9
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref9
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref9
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref9
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref10
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref10
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref10
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref10
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref10
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref11
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref11
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref11
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref11
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref11
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref11
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref11
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref12
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref12
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref12
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref12
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref12
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref13
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref13
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref13
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref13
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref14
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref14
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref14
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref14
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref14
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref15
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref15


S. Ribes et al. / LWT - Food Science and Technology 78 (2017) 265e272272
Monu, E. A., Techathuvanan, C., Wallis, A., Critzer, F. J., & Davidson, P. M. (2016).
Plant essential oils and components on growth of spoilage yeasts in microbi-
ological media and a model salad dressing. Food Control, 65, 73e77.

Official Journal of the European Communities (2002). Commission Decision of 23
January 2002 amending Commission Decision 1999/217/EC as regards of fla-
vouring used in or on foodstuffs (notified under document number C (2002) 88)
(2002/113/EC).

Pascual, M., & Calder�on, V. (2000). In Microbiología Alimentaria. Metodología Ana-
lítica para Alimentos y Bebidas (2nd ed.). Madrid, Espa~na: Editorial Díaz de
Santos S.A.

Perdones, A., S�anchez-Gonz�alez, L., Chiralt, A., & Vargas, M. (2012). Effect of
chitosan-lemon essential oil coatings on storage-keeping quality of strawberry.
Postharvest Biology and Technology, 70, 32e41.

Perrone, G., Susca1, A., Cozzi1, G., Ehrlich, K., Varga, J., Frisvad, J. C., et al. (2007).
Biodiversity of Aspergillus species in some important agricultural products.
Studies in Mycology, 59, 53e66.

Ribes, S., Fuentes, A., Talens, P., & Barat, J. M. (2016). Use of oil-in-water emulsions to
control fungal deterioration of strawberry jams. Food Chemistry, 211, 92e99.

Salvia-Trujillo, L., Rojas-Graü, A., Soliva-Fortuny, R., & Martín-Belloso, O. (2015).
Physicochemical characterization and antimicrobial activity of food-grade
emulsions and nanoemulsions incorporating essential oils. Food Hydrocolloids,
43, 547e556.

S�anchez-Gonz�alez, L., Ch�afer, M., Chiralt, A., & Gonz�alez-Martínez, C. (2010). Phys-
ical properties of edible chitosan films containing bergamot essential oil and
their inhibitory action on Penicillium italicum. Carbohydrate polymers, 82,
277e283.
S�anchez-Gonz�alez, L., Chiralt, A., Gonz�alez-Martínez, C., & Ch�afer, M. (2011). Effect

of essential oils on properties of film forming emulsions and films based on
hydroxypropylmethylcellulose and chitosan. Journal of Food Engineering, 105,
246e253.

S�anchez-Gonz�alez, L., Vargas, M., Gonz�alez-Martínez, C., Chiralt, A., & Ch�afer, M.
(2009). Characterization of edible films based on hydroxypropylmethylcellulose
and tea tree essential oil. Food Hydrocolloids, 23, 2102e2109.

Sharma, N. (2014). Biological controls for preventing food Deterioration: Strategies for
pre-and postharvest management (1st ed.). Wiley-Blackwell.

Stevi�c, T., Beri�c, T., �Savikin, K., Sokovi�c, M., Godevac, D., Dimki�c, I., et al. (2014).
Antifungal activity of selected essential oils against fungi isolated from me-
dicinal plant. Industrial Crops and Products, 55, 116e122.

Tyagi, A. K., Gottardi, D., Malik, A., & Guerzoni, M. A. (2014). Chemical composition,
in vitro anti-yeast activity and fruit juice preservation potential of lemon grass
oil. LWT - Food Science and Technology, 57, 731e737.

Tzortzakis, N. (2009). Impact of cinnamon oil-enrichment on microbial spoilage of
fresh produce. Innovative Food Science and Emerging Technologies, 10, 97e102.

UNE-ISO 4121. (2003). Sensory analysis. Guidelines for the use of quantitative response
scale. AENOR.

UNE-ISO 8586. (2012). Sensory analysis. General guidelines for the selection, training
and monitoring of selected assessors and expert sensory assessors. AENOR.

United States Department of Agriculture (USDA). Basic report 19297, Jams and
preserves, 2016, https://ndb.nal.usda.gov/ndb/foods/show/6288?
manu¼&fgcd¼&ds¼/Accessed 07.12.16.

http://refhub.elsevier.com/S0023-6438(16)30832-5/sref16
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref16
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref16
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref16
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref18
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref18
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref18
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref18
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref18
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref19
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref19
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref19
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref19
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref19
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref19
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref20
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref20
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref20
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref20
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref21
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref21
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref21
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref22
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref22
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref22
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref22
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref22
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref23
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref24
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref25
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref25
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref25
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref25
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref25
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref25
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref25
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref25
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref26
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref26
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref27
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref28
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref28
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref28
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref28
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref29
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref29
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref29
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref30
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref30
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref31
http://refhub.elsevier.com/S0023-6438(16)30832-5/sref31
https://ndb.nal.usda.gov/ndb/foods/show/6288?manu=%26fgcd=%26ds=/
https://ndb.nal.usda.gov/ndb/foods/show/6288?manu=%26fgcd=%26ds=/
https://ndb.nal.usda.gov/ndb/foods/show/6288?manu=%26fgcd=%26ds=/
https://ndb.nal.usda.gov/ndb/foods/show/6288?manu=%26fgcd=%26ds=/
https://ndb.nal.usda.gov/ndb/foods/show/6288?manu=%26fgcd=%26ds=/

	Application of cinnamon bark emulsions to protect strawberry jam from fungi
	1. Introduction
	2. Materials and methods
	2.1. Microorganism, culture media and reagents
	2.2. Screening the antimicrobial activity of the CBEO
	2.3. Study of O/W emulsions
	2.3.1. Emulsions preparation
	2.3.2. Gas chromatography-mass spectrometry analysis
	2.3.3. Physico-chemical characterisation of the O/W emulsions
	2.3.4. Antimicrobial activity of the O/W emulsions

	2.4. Study of the O/W emulsions in strawberry jam
	2.4.1. Jam preparation
	2.4.2. Sensory analysis
	2.4.3. Shelf-life of inoculated strawberry jam

	2.5. Statistical analysis

	3. Results and discussion
	3.1. Antimicrobial activity of the CBEO
	3.2. Study of the O/W emulsions
	3.2.1. Gas chromatography-mass spectrometry analysis
	3.2.2. Physico-chemical characterisation of stable O/W emulsions
	3.2.3. Antimicrobial activity of the O/W emulsions

	3.3. Study of the O/W emulsions on strawberry jam
	3.3.1. Sensory analysis
	3.3.2. Study of the O/W emulsions on strawberry jam


	4. Conclusions
	Acknowledgement
	References


