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ARTICLE INFO ABSTRACT

The aim of the present work was the development of antimicrobial films containing garlic extract to be applied
as active packaging for preservative-free sliced pan loaf, with the goal of extending its shelf-life. First, the
antimicrobial capacity of garlic extract, a compound used as active agent, was tested against Penicillium ex-
pansum by the disc diffusion method. The extract showed high antimicrobial activity, 0.1 uL per Petri dish being
the minimum inhibitory amount, and 0.25 pL the minimum fungicidal amount. Bread aroma was also used to
mask the pungent odour of garlic and it was confirmed to have no antimicrobial activity. Subsequently, poly-
ethylene (PE) aqueous emulsion and ethylene-vinyl alcohol copolymer (EVOH) and zein hydroalcoholic solu-
tions containing 0.25 and 0.5% (w/w per dry polymer) of garlic extract and bread aroma were used to coat PE
films, producing PE/PE, PE/EVOH and PE/zein active films. The antimicrobial capacity of the films was studied
in vitro against Penicillium expansum, and in vivo with natural sliced bread. The results showed that all the films
presented some antimicrobial activity, PE film coated with zein containing 0.5% of garlic extract and bread
aroma being the film presenting the best results, maintaining bread free of mould infection for 30 days. Sensory
tests showed that the addition of 1% of bread aroma improved the sensory experience of consumers and also
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revealed good purchase intention.

1. Introduction

Bread is an essential food product in the traditional diet in Europe,
the Middle East, India, America and Oceania. According to the Codex
Alimentarius, bread is the product resulting from baking dough ob-
tained by mixing flour and water, with or without addition of edible
salt, fermented by baker's yeast, Saccharomyces cerevisiae. Bread slowly
deteriorates after baking, owing to a combination of chemical and
physical processes called staling and owing to microbiological spoilage.

Pan loaf is a type of bread baked in a pan, with a soft texture and
high water activity (0.94 < a,, < 0.97) (Legan, 1993), and commonly
sold sliced. To delay staling and dehydration, the sliced bread is
packaged in bags, keeping a humid headspace and, consequently, great
conditions for fungal spoilage.

Fungal spores are very resistant to thermal treatments employed by
the food industry, including baking, which explains their prevalence in
a wide range of products. Under favourable conditions they develop
and disperse the fungi, colonizing not only the bread slice surface but
also the inside of the crumb. This phenomenon causes deterioration of
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the sensory properties of the product, discoloration, decomposition and
generation of mycotoxins, which can pose a health risk (Filtenborg
et al., 1996). Mould growth causes great economic losses to the in-
dustry.

Aspergillus, Eurotium and Penicillium species in general are the main
fungi implicated in the deterioration of bakery products and pan loaf
(Dagnas et al., 2014). Penicillium expansum is a widespread fungal pa-
thogen in many foods, which causes great economic losses and also
health issues, since it produces toxic secondary metabolites (Andersen
et al., 2004; Sadok et al., 2018; Tannous et al., 2017). To reduce fungal
growth and increase shelf-life, the bakery industry adds low amounts of
authorized preservatives to the dough, mainly sodium propionate (E
281), sorbic acid (E 200), sodium sorbate (E 201), potassium sorbate (E
202), calcium acetate (E 263) and ascorbic acid (E 300) (Guynot et al.,
2005). Owing to the inclusion of these chemicals, and the slicing and
packaging, sliced pan loaves are associated with artificial bread (com-
pared to freshly baked baguettes).

Consumers are concerned about the presence of chemical additives
and preservatives in food, and are demanding their elimination and the
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provision of more natural and healthy products. Consequently, com-
panies are looking for alternative ways to inhibit microbiological
growth and maintain both sensory and nutritional quality of the pro-
duct, including the development of active packaging incorporating
antimicrobial agents.

Active packaging is a food/packaging/environment system that acts
in a coordinated way to improve food safety and quality and increase its
shelf-life. The purpose of antimicrobial packaging is to impede or in-
hibit the growth of microorganisms in food. The great advantage of
antimicrobial packaging over the direct addition of preservatives is that
the active agent is gradually released on the food surface during storage
and distribution, producing an inhibitory or lethal effect against pa-
thogens that affect food products (Balaguer et al., 2013). The current
demand for natural products also affects the selection of antimicrobial
agents, and there is a preference for the incorporation of natural com-
pounds in packaging materials, such as herbs, spices and, especially,
essential oils (Ribeiro-Santos et al., 2017). Numerous studies have de-
monstrated the inhibitory activity of various essential oils and extracts
from plants such as tea, cloves, mustard, oregano, anise, cinnamon or
garlic against various microorganisms in food (Giteru et al., 2017;
Higueras et al., 2014; Johnson et al., 2016; Ju et al., 2018; Matan et al.,
2012; Teixeira et al., 2014).

In this work, garlic (Allium sativum) extract was selected as a natural
antimicrobial agent against Penicillium expansum, and it was used to
develop active packaging for preservative-free sliced pan loaf. In ad-
dition to having a great antioxidant capacity (Fratianni et al., 2016),
garlic extract is a broad-spectrum antimicrobial agent, fungi being
highly susceptible to its action (Ross et al., 2001). The antimicrobial
capacity of garlic is mainly due to the presence of sulfur compounds,
also responsible for its characteristic flavour and aroma, as well as its
therapeutic properties (Agarwal, 1996; Chen et al., 1998; Fratianni
et al., 2016).

Allicin is an organosulfur compound containing the thiosulfinate
group generated by the enzymatic conversion of alliin, the active sub-
stance responsible for the antimicrobial activity in garlic (Borlinghaus
et al., 2014; Kyung, 2012). Allicin decomposes when garlic is processed
at high pressures and temperatures, producing volatile sulfur com-
pounds that include diallyl sulfide (DAS) and diallyl disulfide (DADS),
which maintain the biological activity (Corzo-Martinez et al., 2007).

A limiting factor in the use of an extract or essential oil as anti-
microbial packaging is the potential organoleptic impact on the pack-
aged product. Owing to the pungent aroma of garlic extract, in this
work we also incorporated an industrial essence of bread aroma which
could hide the sensory impact of garlic. One of the compounds in the
bread crust used is 2-acetyl-1-pyrroline, responsible for the smell of
freshly baked bread (Cho and Peterson, 2010).

Most common packaging systems for sliced pan loaf are low-density
polyethylene (LDPE) bags. LDPE is a plastic polymer that is converted
by extrusion into flexible, transparent films with a good barrier to water
vapour but highly permeable to oxygen and apolar compounds, and
with easy heat sealability (Catala and Gavara, 2001). In this work, these
LDPE bags are used as the substrate for the development of the active
packaging system because they provide excellent functional properties
(mechanical, barrier, optical, thermal, ...) at low cost. The activity is
incorporated by adding an internal coating with the active agents. As
potential polymers for the coatings, polyethylene, ethylene-vinyl al-
cohol copolymer (EVOH) with a molar ethylene content of 29% (EVOH-
29) and zein were selected.

EVOH is a hydrophilic material that provides a good barrier to gases
and aromas at low relative humidity, but the barrier declines severely
in wet conditions (Cerisuelo et al., 2014; Muriel-Galet et al., 2014).
EVOH has been used in previous works for the development of active
coatings (Catala et al., 2015).

Zein is the protein fraction from corn, a biopolymer insoluble in
water but soluble in alcohol, owing to its high content of proteins rich
in hydrophobic amino acids, glutamic acid, leucine, alanine and
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prolamin (Bisharat et al., 2018; Shukla and Cheryan, 2001). Zein has
good film formability, although these films are rather fragile, so the use
of plasticizing agents to impart flexibility and facilitate handling is
necessary (Liang et al., 2015). Zein films have been used previously in
the preparation of active packaging (Kashiri et al., 2016, 2017).

The aim of the present work was to develop active antifungal
packaging by incorporating garlic extract and bread aroma in a poly-
meric coating on a PE bag for the preservation of natural sliced pan loaf
without chemical preservatives.

2. Materials and methods
2.1. Chemicals and reagents

Linear low-density polyethylene (LLDPE) aqueous emulsion,
AquasealTM 2200, was kindly provided by Paramelt (the Netherlands).
A poly(ethylene-co-vinyl alcohol) with 29% ethylene molar content,
Soarnol 2908, was kindly provided by The Nippon Synthetic Chemical
Company (Osaka, Japan). Odourless zein was obtained from the
Kobayashi Perfumery Co., Ltd. (Japan). 1-Propanol and ethanol 100%
were acquired from Sigma (Madrid, Spain). Garlic extract (GE) was
kindly provided by DOMCA (Granada, Spain) and bread aroma con-
taining 2-acetyl-1-pyrroline by Dulcesol (Gandia, Spain). Glycerol was
supplied by WVR International S.A.S. (France). Water was obtained
from a Milli-Q Plus purification system (Millipore, Molsheim, France).

2.2. Preparation of fungal cultures

Penicillium expansum, previously isolated and identified from natural
sliced bread, was grown on potato dextrose agar (PDA) in polystyrene
Petri dishes for 7 days at 28 °C. The inoculum was collected by flooding
the surface of the plates with sterile peptone water with Tween 80
(0.05% v/v) and then scraping the surface with a spatula. A 5mL
sample of the mould culture suspension was transferred to sterile
polypropylene tubes and shaken to obtain a homogeneous suspension.
Several dilutions were made to obtain 10° spores/mL. The spore count
was determined using the improved Neubauer method (Bright-Line
Hemacytometer, Hausser Scientific, Horsham, PA).

2.3. Garlic extract and bread aroma inhibition assay

The antimicrobial activity of garlic extract (GE) and bread aroma
(BA) was analysed by determining the minimum inhibitory amount and
the minimum fungicidal amount (volume) against P. expansum. Samples
of 3L of the mould culture suspension with 10° spores/mL were in-
oculated at three equidistant points on PDA. Different concentrations of
each compound (GE and BA) were added to 25 mm sterile blank filter
discs and placed on top of a Petri dish. The plates were sealed with
Parafilm® to prevent leakage of the volatile agent. Blanks were also
prepared. The plates were incubated at 28 °C for 7 days. The minimum
amount of agent spread in the paper disk, is considered the smallest
amount that causes a reduction in fungal growth (compared to the
control sample). The minimum fungicidal amount is the smallest
amount that yields a no-growth effect.

2.4. Film preparation

A polyethylene (PE) dispersion was stirred for 15min using a
magnetic stirrer. Ethylene-vinyl alcohol copolymer (EVOH) was dis-
solved in a 1:1 (v:v) 1-propanol:Milli-Q water mixture at 75°C. The
solution was stirred for 30 min using a magnetic stirrer hotplate. Zein
was dissolved in an 80:20 (v/v) of ethanol:Milli-Q water mixture at
80 °C. The solution was stirred for 60 min using a magnetic stirrer
hotplate. After complete dissolution, the solution was cooled down to
37°C and the plasticizer (15% of glycerol with respect to polymer
content) was added and stirred for 5min. Once the film solutions had



R. Heras-Mozos et al.

been prepared, GE and BA were added to achieve a final concentration
with respect to the dry polymer of 0.5% GE and 0.5% BA or 0.25% GE
and 0.25% BA and stirred again for about 10 min. Control films were
obtained without GE or BA.

PE films used to pack wheat bread were fixed to a glass plate. A
corona treatment was applied with a BD-20 AC high frequency corona
surface treater (Electro-Technic Products, Inc., Chicago, IL, USA) for
2min to improve the adhesion of the various coatings. The coating-
forming solutions were spread on PE film using an extension bar with a
50 um deep thread (Lin-Lab Rioja, Logrono, Spain) and immediately
placed in a drying tunnel equipped with 3250-W halogen lamps for
5 min. Finally, the films were stored in glass desiccators at 22 °C in dry
conditions (silica gel) prior to use. For the zein coating, a Teflon
threaded bar was used for solution extension. PE/PE, PE/EVOH and PE/
zein films were employed in the manufacture of 18 x 22 cm bags.

2.5. Antifungal activity of films

The antifungal activity of the PE/PE, PE/EVOH and PE/zein films
with GE and BA was tested against P. expansum. Film discs (9 cm dia-
meter) were stuck to Petri dish lids, and 3 uL samples of the mould
culture suspension containing 10° spores/mL were inoculated at three
equidistant points on PDA. The plates were incubated at 28 °C for
12 days and growth was monitored by measuring the mould diameter
on the 3rd, 5th, 7th and 9th days of storage. After the 9th day the films
were removed from the lids of the Petri dishes, and at day 12 the colony
diameter was measured to observe any fungicidal effect. The antifungal
activity was also tested on control samples without film. All these ex-
periments were performed in triplicate.

2.6. Bread production

White bread was produced according to the traditional method
using a Moulinex bread-making machine (Balaguer et al., 2013) in
program 8 with browning medium (level 2). Leavening time was 43 min
and baking time, 45 min at 175 min. The ingredients, purchased from a
local supermarket, were 500 g of white wheat, 10 g of dehydrated yeast,
340 mL of water, 6 g of salt and 12.5 g of sugar. After baking, the bread
was cooled at ambient temperature for 90 min and cut into 1 cm thick
slices with a standard bread slicer (Model TP 60/2, E. Gabarré, Bar-
celona, Spain). The dimensions of the bread slices were approximately
12cm x 12 cm and the weight was around 45 g.

2.7. Bread packaging, storage and shelf-life study

Bread slices were cut in two, one half of each sample was inoculated
at three points on the surface with 8 uL of the P. expansum conidial
suspension, and the other half of each slice was not inoculated. Each
sample was placed in a plastic bag (18 cm X 22 cm) made of PE/PE,
PE/EVOH or PE/zein with 0.5% GE and 0.5% BA. Two different types
of control samples were also prepared, one with an uncoated bag and
the other with polymer coatings without active compound. The plastic
bags were closed using a manual impulse sealing machine (Sealboy 420
SBM, Rovebloc S.A., Barcelona, Spain) and stored at room temperature.
The antifungal effect was evaluated over time by visual inspection of
the fungal growth. Analyses were performed on the 5th, 9th, 12th, 20th
and 30th days after packaging. The tests were performed in duplicate.

2.8. Sensory analyses

To assess the acceptability of the aroma and taste of bread samples
packaged in an active PE/zein bag, two sensory tests were carried out in
a standardized test room (ISO, 2007). Slices were presented on plates
covered with aluminium film and identified by three-digit codes. All
sensory tests were carried out on the 1st, 5th and 10th days after
packaging.
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The first test was a ranking method (ISO, 2006), a method that
assesses the differences between several samples based on the intensity
of a single attribute. This method was used to determine the amount of
BA required to hide the pungent aroma of garlic. Loaf slices were
packaged in 5 sample bags of PE/zein films containing 0.5% GE and
increasing amounts of BA (0, 0.5%, 1% and 1.5%) and stored at room
temperature. Also, bread was packaged in plain PE bags (without
coating). On the 5th day of storage, samples were opened and im-
mediately analysed. The panel was composed of 10 untrained members
and they were asked to order the 5 samples (5 the best sample, 1 the
worst).

Once the active agent content had been optimized with the first
sensory test, new samples of bread were packaged in PE/zein with 0.5%
GE and 1% BA, and evaluated using a hedonic scale (1 = dislike ex-
tremely, 5 = neither like nor dislike, 9 = like extremely) to determine
the sensory properties on the 1st, 5th and 10th days of storage at room
temperature (MacFie et al., 1989). The panel consisted of 46 untrained
members. In this test, members were also asked for their purchase in-
tention on a 1-5 scale (1 = I would never buy it, 5 = I would certainly
buy it).

2.9. Statistical analysis

All the microbiological experiments were conducted at least in tri-
plicate. Statistical analysis of the results was performed using a one-way
analysis of variance (ANOVA). Means were separated using the Tukey
test (P < 0.05) (SPSS commercial software, SPSS Inc., Chicago, IL).

Statistical analysis of the sensory data was performed by a one-way
ANOVA study. P-values of 0.05 or less were considered significant. The
design of the sensory evaluation and the data analysis were carried out
with Compusense Five software (release 5.0, Ontario, Canada).

3. Results and discussion

As stated above, the aim of this work was the development of an
antifungal packaging material to be applied in the packaging of wheat
pan loaf, incorporating garlic extract as an antifungal agent and bread
aroma to reduce any potential sensory effect on the bread. A chroma-
tographic analysis of the commercial garlic extract revealed the pre-
sence of many sulfur compounds, including: n-propanethiol, 2-pro-
pen-1-thiol, dipropyl sulfide, methyl propyl disulfide, isopropyl sulfide,
sec-butyl sulfide, dipropyl disulfide, S,S’-diacetyl-1,3-benzenedithiol,
propyl hydrodisulfide and dipropyl trisulfide. Several sulfide, disulfide
and trisulfide compounds have been suggested as being responsible for
the antimicrobial effect of garlic extract (Casella et al., 2013). A similar
analysis of bread aroma showed the presence of 2-3-pentanediona,
3-methyl-1-butanol, benzyl methyl carbonate, methyl-pyrazine, acetyl
pyrazine, 2-acetylpyridine or 2-acetyl-1-pyrroline, among others, all of
them related to toasted flavours (Cho and Peterson, 2010). Both garlic
extract and bread aroma were used as supplied.

To analyse the effectiveness of this development, the two com-
pounds were added to different polymer matrixes, PE, zein and EVOH,
and they were coated on PE. The antifungal activity of the agents was
tested against P. expansum. The effect of the package on the bread was
analysed from microbiological and sensory points of view.

3.1. Garlic extract and bread aroma inhibition assay

The antifungal effect of GE and BA in vapour phase against P. ex-
pansum was determined by the disc diffusion method, and the results
are presented in Fig. S1 (supplementary file) and Table 1. As can be
seen, 0.1 pL of GE resulted in growth inhibition of P. expansum, whilst
0.25 L proved lethal for this mould. Earlier works have reported that
bacteria and fungi are highly sensitive to the effect of GE (Casella et al.,
2013; Pranoto et al., 2005). Although the mechanism of action is not
clear, in general it is considered that essential oils and plant extracts can
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Table 1

Diameter (average and standard deviation) of P. expansum colonies after ex-
posure to diverse amounts of garlic extract (GE) or bread aroma (BA) using the
disc diffusion method and incubated for 7 days at 28 °C.

GE (uL) Diameter (cm) BA (uL) Diameter (cm)
4 5.00 = 0.11 0 4.88 = 0.04
0.1 3.10 = 0.19 10 4.98 = 0.15
0.25 0 20 4.79 = 0.25
0.5 0 50 4.79 = 0.25
1.0 0 100 4.79 = 0.25

penetrate the plasma membrane because of their lipophilic character
(Nogueira et al., 2010; Rasooli and Owlia, 2005). Nielsen and Rios
(2000) analysed the antifungal effectiveness of various essential oils on
the fungi that usually colonize bread and concluded that mustard and
garlic presented the highest activity against the microorganisms tested,
including Penicillium. Indeed, Li et al. (2014) reported that analysis by
transmission and scanning electron microscopy showed that garlic
components could penetrate into hyphae cells and even their orga-
nelles, and then destroy the cellular structure, leading to cytoplasm
leakage. They also reported that garlic could penetrate the cellular and
organelle membranes of Candida albicans, altering gene expression and
finally affecting normal growth of the moulds (Li et al., 2016).

With respect to bread aroma, as expected and shown in Table 1, no
antifungal effect against P. expansum was observed. 2-Acetyl-1-pyrro-
line has been suggested to be the key odorant of bread crust and re-
sponsible for the cracker-like odour properties (Cho and Peterson,
2010), but, to our knowledge, no antifungal properties have been re-
ported for the bread aroma compounds.

3.2. Film preparation

PE, zein and EVOH coatings containing 0.5% GE and 0.5% BA,
0.25% GE and 0.25% BA, and without agents (as control) were pre-
pared on PE films as described in the experimental section. The PE
coating was slightly whitish with an average thickness of 20 + 1.0 pm.
The heat treatment performed to remove water from the emulsion was
probably not sufficient to produce a homogeneous film, and partial
particle sintering or coalescence was obtained during the manu-
facturing process (Cerisuelo et al., 2015), responsible for light scat-
tering. The EVOH coatings were transparent and colourless, with an
average thickness of 6.0 = 1.0 um. The zein coating was also trans-
parent, with a visible yellowish colour and without discontinuities, and
a thickness of 25 + 1.0pum. The thickness values were obtained by
subtracting the thickness of the uncoated film (PE) from that of the
coated one.

3.3. Antifungal activity of films

The antifungal activity of the films against P. expansum was eval-
uated by exposing the mould to the atmosphere created by the various
active film (PE/PE, PE/zein and PE/EVOH) within the Petri dishes.
Table 2 shows the evolution with time of the colony diameter for each
type of coating and the concentration of the agents (control, 0.25% GE
and 0.25% BA, and 0.50% GE and 0.50% BA). Fig. S2 (supplementary
file) contains photos of the differential growth of P. expansum observed
for each material after 12 days of storage at 28 °C.

Table 2 shows the growth of the colony diameters over time. The
films containing 0.50% GE and 0.50% BA presented total inhibition of
fungal growth during the storage period, irrespective of the coating
polymer. Also, the moulds did not grow when exposed to films with
zein coatings containing 0.25% GE and 0.25% BA throughout the 12-
day storage. In contrast, films coated with PE or EVOH containing
0.25% GE exerted only partial inhibition during the first 5 days, but no
differences with respect to control films were found after 7 days of
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storage.

Notably, after removal of the film from the lid, no growth was ob-
served in the Petri dishes stored for 3 more days at 28 °C in the samples
where no growth was detected at day 12, suggesting that GE produced a
fungicidal effect on the microorganism.

The differences between coatings might be due to the amount of
antimicrobial compounds present in the film and the ability of the film
to release the compounds. PE is a hydrophobic/lipophilic material and
strongly retains apolar compounds (Kwapong and Hotchkiss, 1987).
Thus, a slow release could be expected that would reduce the antifungal
effect of the film coated with PE. In the case of the EVOH coatings, the
polymer is very hydrophilic and therefore a fast release could be ex-
pected upon hydration of the film. The reason for a low effect on Pe-
nicillium could be related to the thinness of the coating, which means a
small amount of agent in the Petri dish, not enough to maintain in-
hibition of the mould up to the end of the storage test.

The use of GE as an antibacterial agent for active food packaging has
been reported previously. Sung et al. (2014) found a reduction in L.
monocytogenes growth in low-density polyethylene (LDPE) film con-
taining between 2 and 8% (w/w) of garlic oil, and Llana-Ruiz-Cabello
et al. (2017) observed that polypropylene containing 4% of garlic ex-
tract inhibited growth of B. thermosphacta. Seydim and Sarikus (2006)
observed that whey protein isolate (WPI) films containing at least 3%
(w/w) reduced growth of bacteria, Gram-positive bacteria being more
sensitive than Gram-negative bacteria. However, the incorporation of
much lower concentrations of GE in the coatings developed in this work
appears to produce a significant effect against Penicillium expansum,
indicating the effectiveness of this agent against moulds, and its po-
tential to reduce food spoilage in active packaging applications.

3.4. Bread packaging, storage and shelf-life study

The films that showed total inhibition in the in vitro tests were also
used to pack preservative-free pan loaf slices. Bags were sealed with an
impulse thermosealer. The coatings did not affect the sealing properties
of the films. Packages were stored at room temperature, and samples
were opened and analysed at 5, 9, 12, 20 and 30 days. Two controls
were used, the standard PE film used in conventional packaging of pan
loaf, and this film coated with PE, zein or EVOH without agents. Bread
slices inoculated with P. expansum were also packaged with all the
packaging films.

No differences in the infection results were observed between in-
oculated and non-inoculated samples for the same treatment and sto-
rage time, so in this work we are only reporting the results of non-
inoculated bread samples. Since spores survive the baking process, the
absence of antifungal compounds results in food spoilage at nearly the
same period than by spore inoculation in slice surface. All control
samples (uncoated PE and coated ones without agents) presented the
same behaviour. To avoid repetition, only samples packaged with un-
coated film are presented as controls. The results are presented in
Table 3, and representative images taken during storage are included in
Fig. 1 for zein-coated films and in Fig. 2 for films coated with EVOH and
PE.

Control samples showed first symptoms of mould growth at day 5.
From that day the infections increased with time, covering the whole
surface of the slice at day 30. In the case of film coated with EVOH or
PE, mould growth began at days 9 and 12, respectively. Samples of PE-
coated film presented increasing infection with time, although the in-
fected surface was below 50% at the end of storage. Films with zein at
both concentrations of GE successfully inhibited P. expansum growth
throughout one month of storage time, although signs of infection were
observed in some samples stored in PE/zein with 0.25% GE and 0.25%
BA. As occurred in the in vitro tests, zein-coated PE bags presented the
highest potential for the production of active packaging for pan loaf
bread. Antifungal activity of PE and EVOH coatings on natural bread
resulted in lower efficiency than in the in vitro studies, in which the
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Table 2
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Diameter of P. expansum colony after exposure to the PE/PE, PE/zein and PE/EVOH films with GE and BA after 12 days of storage at 28 °C.

Diameter of P. expansum colony (cm)

Day 3 Day 5 Day 7 Day 9 Day 12
PE
PE control 1.62 = 0.12¢ 3.45 + 0.02° 4.65 * 0.15° 450 * 0.04° 5.0+ * 0.04°
PE/PE control 1.74 = 0.12¢ 3.37 + 0.21° 4.38 + 0.56" 4.47 * 0.54° 451 * 0.76"
0.25%GE + 0.25%BA 0.41 + 0.21° 2.97 + 0.48° 429 + 0.63° 4.43 + 0.44° 4.46 = 1.01°
0.50%GE + 0.50%BA 0? 0? 0? 0? 0?
EVOH
PE control 1.62 * 0.05" 3.37 + 0.21° 4.38 = 0.07° 452 + 0.38° 5.07 = 0.12°
PE/EVOH control 1.41 + 0.12° 3.52 * 0.11° 4.42 * 0.20° 4.82 * 0.27° 5.26 * 0.07°
0.25%GE + 0.25%BA 0? 2.44 * 0.13° 4.04 + 0.58° 4.75 * 0.55° 4.74 * 0.69°
0.50%GE + 0.50%BA 0? 0? 0? 0? 0?
ZEIN
PE control 1.59 + 0.16° 3.66 + 0.08" 4.28 * 0.51° 45 + 0.30° 5.38 * 0.15°
PE/Zein control 1.62 + 0.13° 3.64 + 0.15" 3.92 + 0.54° 4.70 + 0.19° 5.40 + 0.22°
0.25%GE + 0.25%BA 0? 0? 0? 0? 0?
0.50%GE + 0.50%BA 0? 0? 0? 0? 0?

a, b, c Different letters for the same column indicate significant differences between treatments (P < 0.05).

Table 3
Evaluation of visual observation of P. expansum growth in packaged sliced
bread with different coatings stored at room temperature.

Intensity of fungal growth on packed sliced bread

Day5 Day9 Day12 Day20 Day 30
Control + + ++ +++
PE/PE 0.50%GE + 0.50%BA - - + + 4 ++++
PE/EVOH 0.50%GE + 0.50%BA  — + + ++ ++
PE/zein 0.25%GE + 0.25%BA - - - - +

PE/zein 0.50%GE + 0.50%BA

No fungal growth, + fungal growth < 25% of sliced bread, + + fungal
growth > 25% and < 50%, + + + fungal growth > 50% and < 90%, + + + +
fungal growth around > 90% of sliced bread.

Control

Zein 0.25% GE  Zein 0.50% GE

Fig. 1. Pan loaf slices packaged in control bags (uncoated PE film) and in active
bags of zein-coated PE film at two concentrations. Images show the effect of
package type on growth of P. expansum after various periods of storage.

films showed a fungicidal effect. This difference between in vitro and in
vivo tests has often been observed and is commonly related to the food
matrix effect, which can interfere with the antimicrobial compound and
require a higher concentration to have the same effect (Gutiérrez et al.,
2011).

Several authors have reported that the use of active packaging or
active materials can reduce the incidence of mould infections in bread.
In these papers, oregano essential oil or cinnamon essential oil were
used at high concentrations, and some detrimental effects on sensory
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EVOH 0.50% GE

Control PE 0.50% GE

Fig. 2. Pan loaf slices packaged in control bags (uncoated PE film) and in active
bags of EVOH-coated PE film and PE-coated PE film. Images show the effect of
package type on growth of P. expansum after various periods of storage.

Table 4

Results of the ranking test on the aroma and taste of pan loaf slices packaged
with the various bags analysed. Numbers are the sum of judges punctuation (10
judges from 1 to 5).

Packaging type Aroma Taste
Uncoated PE film 502 492
PE/zein 0.5% GE & 0% BA 124 124
PE/zein 0.5% GE & 0.5% BA 24° 26°
PE/zein 0.5% GE & 1.0% BA 35" 36°
PE/zein 0.5% GE & 1.5% BA 29b¢ 27¢

a, b, ¢, d Different letters for the same column indicate significant differences
between treatments (P < 0.05).

Table 5

Average values of the hedonic test (46 judges) on the aroma and taste of pan
loaf slices packaged in a bag composed of PE/zein with 0.5% of GE and 1.0% of
BA (ranked from 1 to 9), and of the product purchase intention (ranked from 1
to 5).

Acceptability Purchase intention
Time of storage Aroma Taste
Day 1 6.37°% 5.80° 3.20°
Day 5 6.072 5.80? 3.13?
Day 10 5.982 5.70% 3.11°

a, b Different letters for the same column indicate significant differences be-
tween treatments (P < 0.05).

properties were also reported owing to the intense aroma of these
substances (Balaguer et al., 2013; Passarinho et al., 2014). To reduce
the potential gain of inappropriate aromas, some authors have prepared



R. Heras-Mozos et al.

Fig. 3. Loaf slices packaged with passive and active bags after 12 days of sto-
rage.

active materials containing non-volatile agents. Although they do not
present any activity with solid products, sometimes they indirectly re-
duce infections by increasing the barrier properties against water and
oxygen (Noshirvani et al., 2017). In the present work we adopted a
different strategy, to partially hide the garlic aroma retained in the
bread slices by the use of bread crust aroma.

3.5. Sensory analyses

After the good results observed with the PE films coated with zein
containing 0.5% of garlic extract, two sensory tests were carried out on
this material. First, the efficiency of bread aroma to mask the pungent
aroma of garlic extract was analysed. For this study, a ranking test was
planned to assess the differences in the intensity of garlic aroma be-
tween 4 samples packaged with films containing 0.5% of GE and 0, 0.5,
1 and 1.5% of BA. A sample packaged in uncoated PE was also included
as control.

The results of the ranking test, included in Table 4, clearly showed
that the control sample was the best evaluated, as it was ranked first by
all judges. With respect to the samples packaged in the active bags, the
test showed significant differences between samples. The sample in
bags without bread aroma was ranked the worst as the garlic smell was
unpleasant. In contrast, the bread in bags containing 0.50% GE and 1%
BA was ranked the best. Comments of the judges on this sample were
that the bread presented a slight but acceptable garlic scent and taste.
Therefore this sample was selected for the second sensory test.

New bread samples were baked, sliced and packaged with 0.5% GE
and 1% BA and submitted to a hedonic test at 1, 5 and 10days of
storage to check for consumer acceptance (1 to 9 scale) and purchase
intention (1 to 5 scale). The results of this test are listed in Table 5. As
can be seen, the judges qualified the product positively, with values
above 5 in aroma and taste throughout the 10 days of storage. In ad-
dition, no significant differences were found for aroma and taste with
storage time. With respect to purchase intention (1 to 5 scale), the test
showed that the judges would possibly buy the preservative-free pan
loaf in active packages with GE. No significant differences were found
in purchase intention related to storage time. This result indicates that
consumers would accept a slight garlic scent to avoid the addition of
preservatives in the product and to provide an adequate shelf-life.

Finally, a last test was prepared to determine whether the use of a
bag made of PE/zein with 0.5% of GE and 1.0% of BA was effective in
reducing the growth of moulds. For this purpose, new loaves were
baked and sliced, and half of the loaves were in uncoated PE and half in
active PE. Loaves in passive bags were spoiled by moulds in < 9 days,
whilst loaves in active bags were free from infection for the 15 days of
test. Fig. 3 shows representative examples of the results.

Therefore, the use of antifungal packaging based on active coatings
on standard bags can provide a suitable way of increasing the shelf-life
of additive-free sliced pan loaf. Among possible options, zein-based
coatings incorporating garlic extract were shown to significantly delay
infection by moulds, especially P. expansum. An aroma corrector, bread
crust aroma, was proved to be suitable for partially masking the pun-
gent aroma of garlic, reducing sensory impact. After optimization, a
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panel of judges considered the final product as acceptable for con-
sumption and with good purchase intention.
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