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ABSTRACT

This review addresses the recent advances of the application of essential oils (EOs) in in vitro systems
and in bread systems for the reduction of fungal spoilage. Given the number of research articles
concerning the use of EOs as potential antifungal food preservatives, it is generally accepted
that they must be given further attention for use in specific food matrices. However, despite the
numerous articles stating the antifungal effect of EOs, very few report the actual application in
bread or other bakery products and the impact addition can have on dough and bread production,
physico-chemical, microbiological and sensorial quality. Advances have been made in the area of

ARTICLE HISTORY
Received 25 April 2017
Accepted 30 May 2018

KEYWORDS

Bread; clean label; food
preservation; bread; essential
oil; antifungal screening
methods

food preservation, but further research is necessary to fully comprehend the mode of action and to
establish actual food applications of EOs in the bread and bakery industry.

1. Introduction

Much research has already been conducted in the domain
of natural antimicrobial preservatives as a result of increas-
ing signs of negative effects due to the intake of chemical
preservatives (1-4) and the changing consumer percep-
tion towards food preservatives. Shim et al. (5) reported
that consumers were very concerned about the use of food
additives, due to difficulties understanding the topic of
food preservatives, insufficient education and public rela-
tions. The increasing interest in clean label food products
has heightened the need for natural antimicrobial preser-
vation strategies. In bread and other bakery products, the
replacement of chemical preservatives such as propionates
and sorbates is of particular interest (6).

Microbiological spoilage of bread is primarily an issue
for bread products intended to be stored at room tempera-
ture for a longer period than the time needed to be rejected
because of staling. Bread products such as packaged sliced
toast bread and par-baked bread products packed under
modified atmosphere fall under this scope. Conditions in
food, such as pH and water activity (a, ), are very impor-
tant as they determine which type of microbiological
spoilage can occur. The a_ of wheat bread is generally
higher than 0.96 (7,8) and the pH is higher than 5.5 (8).

Rye bread and sourdough fermented bread have respec-
tively a -values and pH-values of 0.94-0.97 and 4.4-4.8
(9,10). However, variations can occur due to differences in
fermentation and production of bread. Mould growth is by
far the most important shelf-life limiting factor of bread
products, with Penicillium spp. and Aspergillus spp. being
the most dominant species (11). Next to mould growth,
the formation of rope as a result of the growth of the spore
forming bacterium Bacillus subtilis usually present in raw
bakery materials can also result in the rejection of bread
products. Spores of Bacillus can survive the baking pro-
cess, after which they can potentially cause spoilage of
the baked product (8,10,12). Spoilage of bread can also
be caused by chalk yeasts (cf. chalk moulds). These are
spoilage yeasts which cause chalk mould defects on food
(dust-type spots) (13). They are most common on sliced
bread and on rye bread. There are approximately 24 types
of chalk moulds. Saccharomycopsis fibuligera (10,14,15),
Hyphopichia burtonii (9,10,14), Zygosaccharomyces bailli
and Saccharomyces cereviseae (13) have been reported as
dominant species. According to Deschuyfteleer et al. (16),
only S. fibuligera and H. burtonii can be labelled as true
chalk yeasts. Spoilage can also be caused by non-chalk
yeasts, e.g. Wickerhamomyces anomalus. W. anomalus and
S. fibuligera were identified as being responsible for the
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early spoilage of commercial modified atmosphere pack-
aged (MAP) par-baked breads.

Among the many potential preservation techniques
developed in attempting to achieve longer microbiological
safe shelf-lives are technological/chemical techniques and
strategies whereby natural ingredients are added to the
bread recipe (biopreservatives), e.g. the use of essential oils
(EOs) with antifungal activity. Smith et al. (8) have pre-
sented a thorough review on microbial control measures
for bakery products, with a main focus on technological
strategies and the use of organic acids to reduce post-bak-
ing contamination. However, regardless of the fact that
these technological methods show beneficial lethal effects
towards microorganisms, few of these techniques are
commercially applied on bread. Chemical preservation
of bread is mainly done by propionic acid and its salts (12).
Besides chemical preservation, packaging and storage can
also be used to control the growth of post-baking con-
taminants. Modified atmosphere packaging (MAP) can
help with the reduction or total elimination of chemical
preservatives in bread products (16,17). In the packaging
industry different ways for creating an optimal condition
for a shelf-life extension have been developed (e.g. etha-
nol emitters and O, absorbers) (18). Natural packaging
materials can also be used, such as chitosan films (19,20).
One of the simplest ways to prolong shelf-life is to store
the breads at chilled or freezing temperatures. However,
on an industrial level, these solutions require a large chill/
frozen storage capacity and chilled/frozen transportation
and come with a high additional cost (21). The latter,
non-technological/non-chemical, biopreservative strat-
egy can be divided into two subcategories according to
their mode of action, namely (i) by addition of an active
antimicrobial ingredient (e.g. EOs) or (ii) by addition
of an ingredient and consecutive in situ production of
active compounds. An example of the latter strategy often
described for mould inhibition of bread products is the use
of lactic acid bacteria through sourdough fermentation.
However, the antimicrobial compounds formed by lactic
acid bacteria are often produced in concentrations of that
are too low to be a stand-alone preservation strategy (22-
26). In comparison to lactic acid bacteria, propionic acid
bacteria are far less documented despite their favourable
antimicrobial effect. Propionic acid is primarily inhibitory
to moulds and Bacillus spp. (27). A study by Gardner et al.
(28) suggests the use of yeast extracts which are previously
fermented by propionibacteria instead of non-fermented
yeast extracts as the former results in better leavening as
well as preservation properties. Yeasts as such can have
both beneficial and detrimental effects on foods (29). For
example, regardless of the fact that W. anomalus is a com-
mon spoilage yeast in bakery products (16), it was also
shown to have food-flavouring and emulsifying properties

(30). More research and evidence is needed on the use of
yeasts as biocontrol agents, because a true consensus has
not yet been found in literature.

To our knowledge, no review article has yet been
published, which collects the most relevant up-to-date
literature on the use of EOs as promising natural anti-
microbial preservation strategy targeting bread products.
This review article therefore constitutes a novel contri-
bution to the literature on natural preservation strategies
and provides a clear overview specifically for the bread
baking industry.

2. Natural antimicrobial preservation strategies
derived from plant components

Plants possess a range of tools to combat pathogen infec-
tions, including the formation of substances with antifun-
gal activity. These compounds can be classified in three
categories: (cat. 1) phytoanticipins which are preformed
antimicrobial components present in plants; (cat. 2)
inducible preformed compounds and; (cat. 3) phytoalex-
ins which include induced inhibitory components when
the plant is under pathogen attack. These components are
low-molecular weight, wide-spectrum secondary antimi-
crobial metabolites (31) and can be present in fruits, vege-
tables and plants in the peels, seeds, bark and cereal bran
(32). All three categories have potential biopreservative
activity in food products. Among category 1, EOs form the
largest group and will be discussed in detail throughout
this review. Compared to category 1, categories 2 and 3
are far less documented. Till today, there is still very little
known on actual applications of these latter compounds in
food products (33). Some believe it is due to the fact that
rather high concentrations are needed in order to show
antimicrobial activity and are therefore not considered
as potential antimicrobial compounds. In addition, they
are expensive to isolate or to synthesize and would be an
expensive alternative to the antifungal preservatives cur-
rently being used. Many phytoalexins have been reported
to be rather unspecific in their toxicities, meaning that
they can also be toxic towards humans (34). Table 1 gives
a clear overview of the most relevant studies performed
on the antifungal activity of EOs that can be used or has
already been tested for use in the bakery industry. The
different antifungal screening techniques, target moulds
and main results are summarised as well.

2.1. Essential oils (EOs)

Approximately 3 000 EOs have already been discovered.
Only 300 of them have commercial importance. They are
used in the food industry, as well as in pharmaceutical,
agronomic and cosmetic industries (35,36). Knowledge of
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Table 1. Overview of preformed resistance components in plants tested for antifungal food preservation (Category 1: phytoanticipins)
(Test methods: agar diffusion (Adif), disc diffusion (Ddif), agar dilution (Adil), broth dilution (Bdil), Poisoned Food (PF) and Inverted Petri
Plate (IPP)).

Target moulds Test method  Result — active component(s) Refs.

Essential oils

Bay (Pimenta racemosa) Af, An, Ea, Eh, Er, Eru, Pcr  Adif agar/ cake analogue — / — eugenol (57%) (52)
Boswellia carterii Birdw Af Bdil; PF MIC 1.75 pL/mL (57)
Chamomile (Matricaria chamomilla L.) Af Bdil; Ddif MIC 10-17.5 pg/mL (59)
Cinnamon Af, Ef, Pcm, Pr Ddif 100% growth reduction of Pr (51)
Cinnamon leaf Af, An, Ea, Eh, Er, Eru, Pcr — Adif agar/ cake analogue — / — eugenol (78.5%) (52)
Cinnamon leaf and bark volatile oils and Af,An, Ao, At, Pci, Pvir Adif; PF eugenol (87.3%), (E)-cinnamaldehyde (49.9% in bark (44)
oleoresins oleoresin)
Cinnamon bark Af PF MIC 8 uL/mL for 9d (62)
(Cinnamomum jersenianum Hand.-Mazz)
Clove (Syzygium aromaticum L.) Af, An, Ea, Eh, Er, Eru, Pcr  Adif agar/ cake analogue - / — eugenol (83.9%) (52)
Clove (Syzygium aromaticum L.) Af, Ef, Pcm, Pr Ddif 94% growth reduction of Pr (51)
Clove (Syzygium aromaticum L.) Af, Ap Adil MIC 1500 uL/L (54)
Clove (Syzygium aromaticum L.) Af, Pci, Rhn Adil MIC (Af, Pci) 25 pL/mL, MIC (Rhn) 50 pL/mL - eugenol (55)
(83.02%)
Coriander (Coriandrum sativum L.) Af Bdil MIC 2.0-3.0 pyL/mL; Chickpea seed spraying — 65.45% (58)
protection of seeds during 172 h incubation
Cumin seed (Cumimum cyminum L.) Af PF MIC 0.6 pL/mL - cymene (47.08%); Inoculation of wheat (45)
and chickpea samples
Curcuma (Curcuma aromatica) cf PP MIC 3000 ppm (48)
Daucus carota cf IPP MIC 3000 ppm (48)
Fennel (Foeniculum vulgare L.) Af Bdil MIC 10-12.5 ug/mL; Disc diffusion (59)
Garlic (Allium sativum) Af, Ef, Pcm, Pr Ddif 79% growth reduction of Pr (51)
Grapefruit (Citrus paradise L.) Af, An, Pch, Pv PF MIC (An) 0.94% (61)
Lemon (Citrus lemon L.) Af, An, Pch, Pv PF MIC (An) 0.94% 61)
Lemon (Citrus limon Risso) Af, An,F, P, Rh Adif effective against Af, An and Rh (49)
Lemon grass (Cymbopogon citratus) Af, An, Ea, Eh, Er, Eru, Pcr  Adif agar/ cake analogue - / — geraniol (50.5%), neral (29.4%) (52)
Majoram (Origanum majorana L.) Af Bdil MIC 2.0-3.0 pL/mL; Chickpea seed spraying — 67.86% (58)

protection of seeds during 172 h incubation

Mandarin (Citrus reticulate L.) Af, An, Pch, Pv PF MIC (An) 0.94%, growth inhibition of An at respective (61)
concentrations 0.47% and 0.71%: 14.7% and 31.9%
Mustard Af, Ef, Pcm, Pr Ddif 100% growth reduction of Pr 51
Orange (Citrus sinensis L.) Af, An, Pch, Pv PF MIC (An) 0.94% 61)
Orange (Citrus sinensis) Af, Afu, P, Rh, M Mould counting of bread — Spraying technique resulted in ~ (67)
the highest inhibitory effect on mould growth
Oregano (Origanum vulgare L.) Af, Afu, An, Ao Ap, At Adif MIC 20-80 pL/mL (50)
Oregano (Origanum vulgare) Af, Ef, Pcm, Pr Ddif 50% growth reduction of Pr (51)
Rosemary (Rosemary officinalis) AP PF MIC 50 pL/mL (P), MIC 20 pL/mL (A) - 1.8-cineole (29.0%),  (63)
(microencapsulated) camphor (26.6%), alpha-pinene (10.6%)
Thyme (-) Af, An, Ea, Eh, Er, Eru, Pcr  Adif agar/ cake analogue — / - thymol (53.9%), p-cimene (52)
(25.2%)
Thyme (Thymus vulgaris L.) Af, Alt, At, Fo PF MIC 0.7 uL/mL (64)
Thyme (Thymus leptobotrys) Pi Adil MIC 10% (wt/v) (56)
Thyme (Thymus zygis) An, Pp Adil Bread shelf-life (42)
Phenolic compounds
(S)-limonene An, Fo, Pd, Rhs PF EC,,38.04 (An), 120.6 (Fo) and 26.83 mg/L (Pd) (65)
1,8-cineole An, Fo, Pd, Rhs PF EC,,36.40 (An), 148.4 (Fo) and 51.61 mg/L (Pd) (65)
1,8-cineole Af, Ap PF; Ddif inhibition from 1.35 uL/20 mL YES or mL headspace Petri ~ (46)
plate
Eugenol Af, An, F, PRh Adif MIC < 0.5% (An), MIC 2% (Af), 4% (F, P, Rh) (49)
Eugenol Af Bdil MICO0.5 uL/mL (60)
Geraniol cf IPP MIC 3000 ppm (48)
Linalool Cp IPP MIC 3000 ppm (48)
Linalool Af Bdil (60)
Menthol Cp IPP MIC 2000 ppm (48)
Menthol Af Bdil MIC 0.9 pL/mL (60)
Myrcene Af, An,F, P, Rh Adif (49)
Thymol An, Fo, Pd, Rhs PF EC,, 23.80 (An), 50.37 (Fo) and 20.14 mg/L (Pd) (65)
Thymol Af Bdil MIC0.2 yL/mL (60)
Glucosinolates
Allyl isothiocyanate Af, Ef, Pcm, Pr Ddif MIC 2.4 ug/mL gas (rye bread), MIC 1.8-3.5 ug/mL gas (51)

(hot-dog bread)

Allyl isothiocyanate Af, Alt, An, Fg, Fo, Fs, Pch,  Adif MIC, respectively, 37, 22,37, 16, 22, 34,62, 22 ng/mL (53)

Pci

Notes: A: Aspergillus spp.; Af: A. flavus; Afu: A. fumigatus; Ap: A. parasiticus; At: A. terreus; Ao: A. ochraceus; An: A. niger; Alt: Alternaria alternata; Cf: Colletotrichum
falcatum; Cp: Curvularia pallescens; Ef: Endomyces fibuliger; Ea: Eurotium amstelodami; Eh: Eur. herbariorum; Er: Eur. repens; Eru: Eur. rubrum; F: Fusarium spp.;
Fg: F. graminearum; Fo: F. oxysporum; Fs: F. solani; M: Mucor spp.; P: Penicillium spp.; Pch: P. chrysogenum; Pci: P. citrinum; Pcm: P.commune; Pcr: P. corylophilum;
Pd: P, digitatum; Pe: P. expansum; Pi: P. italicum; Pp: P. paneum; Pr: P. roqueforti; Pv: P. verrucosum; Pvir: P. viridicatum; Rh: Rhizopus spp.; Rhn: R. nigricans; Rhs:
Rhizoctonia solani.
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antifungal and bactericidal activity of EOs exists since the
Middle Ages (35). Initially, its use was mainly situated in
the medicinal world. Nowadays, with the rising awareness
for green consumerism, the clean label trend and growing
negative perception of synthetic preservatives, EOs have
regained interest from food producers and scientists.

2.2. Mode of action of EOs

EOs can be classified into four groups of active com-
pounds, including terpenes, terpenoids, phenylpropenes
and others (37). Due to the lipophilic behaviour of EOs,
they can pass through the cell wall and cytoplasmic mem-
brane. Hereby, exerting cytotoxic effects on living cells
and affecting the cell membrane and organelles (38). The
antimicrobial activity of EOs is influenced by the compo-
sition, concentration, structure as well as the functional
groups of their constituents, with phenolic groups being
most effective (36). EOs can cause extensive lesions of
the cell membrane and a reduction of ergosterol, which
is a major component present in fungal cell membranes
(39). For example, the active components thymol and
carvacrol induce cell lysis and alter the cell structure of
proliferating cells; cinnamaldehyde is responsible for inhi-
bition of cell division (40,41) which leads to an extension
of the shelf-life; and the activity of isothiocyanates, such
as those present in mustard, is based on the isothiocy-
anate group which is highly electrophilic and reacts with
oxygen, sulphuric or nitrogen-centred nucleophiles. The
general inhibitory action is due to enzyme inhibition and
alteration of proteins by oxidative cleavage of disulfide
bonds (37).

2.3. In-vitro antifungal assessments of EOs and
active components

In-vitro screening of antifungal activity of EOs and its
active components are mostly performed by three differ-
ent techniques: (i) diffusion assay, (ii) dilution assay and
(iii) Poisoned food assay (Table 1). To screen the antifungal
activity of EOs and its components in the vapour phase, an
agar diffusion, disc diffusion or Inverted Petri plate assay
is mostly performed. The antifungal activity of the EO
or component is expressed by the zone of inhibition of
the fungi surrounding the filter paper or well containing
the active component (38). The diffusion assays account
for 50% of the antifungal screening methods of EOs. The
agar or broth dilution and the Poisoned Food assays are
generally used in, respectively, 10, 20 and 30% of the test
cases. These assays are based on the principle of preparing
dilutions of the EOs (or components) in the agar or broth.
Further, the agar plates or broth are inoculated with a fun-
gal spores solution (42) or a disc of fungal mycelium with

a certain diameter is placed in the centre of the agar plate
in case of the Poisoned Food assay (43-46). Radial growth
is recorded in function of incubation time. These dilution
methods allow the investigation of multiple organisms at
the same time (47).

2.3.1. Diffusion assays

The Inverted Petri plate assay was performed by Singh
et al. (48) for the evaluation of antifungal activity of EOs
of curcuma (Curcuma aromatica) and Daucus carota,
and monoterpenoids geraniol, linalool and menthol on
pathogenic fungi Colletotrichum falcatum and Curvularia
pallescens. The minimal inhibitory concentration (MIC)
ranged between 2000 and 3000 ppm. Leite de Souza et al.
(49) described the antifungal activity of phytochemicals
citral, eugenol and myrcene through an agar diffusion
assay. Origanum vulgare L. (Laminaceae) EO showed
strong anti-Aspergillus activity in an in vitro study per-
formed by Carmo et al. (50). The main active constituent
of the genus Origanum is carvacrol (isothymol) (87%). The
EO derived from Origanum and its aromatic monoterpene
constituents (carvacrol and thymol) have been proven to
have good in vitro antifungal activity. Nielsen et al. (51)
investigated the antifungal effect of several EOs through
a disc diffusion assay and found that both cinnamon and
mustard EO were able to result in a 100% reduction of
growth of P. roqueforti with only 1 uL EO used to inoculate
the Petri dish system. The main antifungal active compo-
nent in cinnamon EO is eugenol (52) and in mustard EO
allyl isothiocyanate (51,53).

2.3.2. Dilution assays

Clove oil (Syzygium aromaticum L.) showed good anti-
fungal activity against Aspergillus flavus and A. parasiticus
(MIC 15 uL/mL) (54); A. flavus and Penicillium citrinum
(MIC 25 pl/mL) and Rhizopus nigricans (MIC 50 uL/mL)
through an agar dilution assay (55). Thyme oil (Thymus
leptobotrys) completely inhibited growth of P. italicum
(citrus blue mould) at a concentration of 10% (wt/v)
(56). The agar dilution technique is not often used for
the screening of antifungal activity of EOs. Main reason
is because of the hydrophobicity of EOs and currently
having no suitable solution for this problem. However,
in order to screen the antifungal activity of EO as bak-
ery ingredients, it is essential to incorporate the oil in
the food matrix or in a model food matrix. Moreover,
the antifungal activity of EOs will be higher in diffusion
assays compared to dilution assays. Broth dilution is also
a widely used technique for a fast screening of the anti-
fungal activity of EOs (or components). EOs of Boswellia
carterii Birdw, chamomile, coriander, fennel, and majoram
showed MIC values towards A. flavus ranging from 1.75 to
17.5 ug/mL broth (57-59). Mishra et al. (60) investigated



the antifungal activity of several phenolic compounds
against A. flavus and found the following order of anti-
fungal effect: thymol > eugenol > menthol > linalool.
Viuda-Martos et al. (61) determined via a Poisoned food
assay with A. niger that the MIC of EOs of citrus fruit
(e.g. grapefruit, lemon and mandarin) was equal to 0.94%.
The MIC of cinnamon bark (Cinnamomum jerseniacum
Hand.-Mazz) was determined 8 pL/mL for A. flavus (62),
MIC of encapsulated rosemary 20 uL/mL for Aspergillus
spp- and 50 uL/mL for Penicillium spp. (63) and for thyme
(Thymus vulgaris L.) 0.7 uL/mL for al tested fungal species
including A. flavus (64). Incubation times for these dilu-
tion assays ranged from seven to nine days and the incu-
bation temperature from 25 to 30 °C. Results of Marei et
al. (65) suggest that thymol exerts more antifungal activity
on Aspergillus niger, Fusarium oxysporum and Penicillium
digitatum compared to other phenolic compounds such as
(S)-limonene and 1,8-cineole. The MIC of thymol ranged
from 20.14 to 23.80 mg/L for A. niger and P. digitatum.
For limonene, the MIC ranged from 26.83 to 38.08 mg/L
and for 1,8-cineole from 36.40 to 51.61 mg/L. Fusarium
oxysporum showed higher resistance against all three
tested compounds.

2.4. Mode of application of EOs in bakery products

Often, the importance of choosing the most suitable
in vitro assay for antifungal screening of EOs is under-
estimated. In most cases in vitro diffusion assays are
performed to determine the minimal inhibitory concen-
tration. However, these data are mainly of interest when
the EOs are intended to be used as volatiles in the food
packaging atmosphere. For essential oil spray applications,
data of both the in vitro diffusion and dilution tests can
be used. With sprays, both the volatile behaviour as well
as the effect of contact is important. In case, EOs will be
used in a food matrix, such as in bread dough, an in vitro
dilution screening assay is important to enable the pre-
diction of the antifungal activity of EOs when dispersed
in a medium, ideally with adjusted pH, a,, composition
of the media and incubation temperature similar to the
intended end product (42). Dispersal of the EOs in a lig-
uid or solid medium will decrease the antifungal effect
compared to diffusion assays by reducing the release of
antifungal active volatile components.

2.4.1. Application of EOs as volatiles in the headspace
of packaged bakery products

Volatiles of EOs of bay, cinnamon leaf, clove, lemon grass
and thyme totally inhibited all fungal species tested in a
study of Guynot et al. (52) (e.g. Eurotium amstelodami,
Aspergilus flavus, A. niger and Penicillium corylophilum)
in wheat flour based agar irrespective of the a  level.
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The activity of the EO volatiles was far more limited in
sponge cake, leading to the hypothesis that the activity
of the EO volatiles was substrate dependent and that the
activity interferes with food matrix components. The main
component present in bay, cinnamon leaf and clove was
eugenol and in lemon grass and thyme respectively geran-
iol (50.5%) and thymol (53.9%) (52). Nielsen et al. (51)
reported that high levels of CO, in active food packaging
(cf. modified atmosphere packaging) did not completely
retard the growth of spoilage fungi. Therefore, the use of
volatile EOs was investigated as an alternative. EOs from
mustard, cinnamon, garlic, clove, oregano and vanilla were
evaluated in this study. Mustard EO showed the strongest
antifungal activity. However, cinnamon, garlic and clove
also proved to have useful antifungal activities. EOs from
oregano and vanilla had respectively a weak or no effect
on bread. The effect of mustard EO volatiles on the sensory
properties was determined to be much greater on wheat
bread than on rye bread, meaning that an oft-flavour is
more notable on wheat bread. The activity of mustard EO
can be assigned to allyl isothiocyanate (AITC). Saladino
et al. (66) investigated that only AITC active packaging
was able to reduce growth of P. parasiticus on sliced loaf
bread and not isothiocyanates of benzyl and phenyl. The
active concentration of AITC was 5 pL/L.

2.4.2. Application of essential oil sprays

Essential oil of Citrus sinensis peel (orange) is known to
have antimicrobial activity. In particular, spraying of Malta
citrus peel EO on bread slices proved to be a promising
preservation technique. Although citrus peel EO was
able to reduce microbial growth albeit not significantly
proven, it affected the sensory characteristics of the bread,
including crust character, colour of crumb and crust, taste,
texture and aroma (67). The antimicrobial efficacy of EO
vapour and its molecules is higher compared to when the
EO or components are dispersed in a food system. This is
mainly due to the greater affinity of EO volatiles towards
the hydrophobic cell membrane when not dispersed in a
solution or food matrix (68). It is worthwhile noting that
the use of essential oil volatiles or sprays is documented
frequently in the fruit and plant industry for the extension
of the post-harvest shelf-life (69,70). For further investiga-
tion on the antifungal efficacy of EO sprays, reports on the
agar diffusion assays can be used as pre-screening assays.

2.4.3. Directuse of EOs in bread

To date, very few articles have reported the direct use of EO
in dough systems. This is assumed to result from the fact
that potential antifungal activity of EOs is partly lost during
the heat treatment of baking and therefore under evaluated
in literature. Teodoro et al. (63) investigated the antifungal
efficacy of microencapsulated rosemary EO in fresh dough.
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Rosemary EO particles were made by spray-drying using
modified starch and maltodextrin as coating materials.
The hypothesis is that many of the antimicrobial active
components present in EOs can undergo oxidization and
volatilization during storage and baking, which can reduce
the stability and efficacy of the EOs. Another hypothesis
raised is the fact that when encapsulated, the release of
active constituents would be more gradual resulting in a
better shelf-life extension and protection over the intended
shelf-life period. The efficacy of the microencapsulated
rosemary EO was proven by the fact that a longer mould
free shelf-life was obtained when the microencapsulated
rosemary EO was used. The results also illustrated that
Aspergillus species were slightly more sensitive to the
action of rosemary EO. The use of edible films contain-
ing nanoemulsions of clove bud (Syzygium aromaticum)
and oregano (Origanum vulgare) EOs on sliced bread was
investigated by Otoni et al. (71). Results showed reduced
yeast and mould counts during 15 days of storage. The
most suitable pre-screening techniques for the use of EOs
as ingredients are the dilution assays, including the agar/
broth dilution assays and the Poisoned food assays.

2.4.4. Hurdle technology

Next to the aforementioned modes of application of EOs, a
fourth category must be considered. This includes the use
of EOs in combination with other preservation strategies
(cf. hurdle technology). These combinations can possibly
identify novel strategies for achieving good antifungal
activity in bakery products. The impact of other antifun-
gal hurdles such as pH, water activity, temperature, matrix
composition and packaging in combination with EOs
(42,72,73) and respective potential synergistic mecha-
nisms must be given further attention. Moreover, increas-
ing the number of preservation hurdles together with the
use of EOs can reduce potential negative organoleptic or
physico-chemical characteristics induced by these EOs
as the final concentration can be lowered. However, there
are not sufficient reports in literature on the use of EOs in
combination with other hurdles specifically for the bakery
industry and therefore this subject must be considered as
important for further analysis.

2.5. Legislation and safety of EOs

In the USA, several EOs and their components have a
GRAS status (Generally Recognized As Safe) regardless
of its intended use as flavouring or preservative substance.
However, although most EOs are considered safe, these
substances are only safe when used in commonly used
amounts. Moreover, ingestion of these natural compo-
nents is not always recommended regardless of its GRAS
status. Every use of EOs and its components must be done

with caution. In Europe, the GRAS status does not apply
and the legislation for EOs depends on their intended
use, like in this case as food additive for their antifungal
activity and not primary as food-flavouring substance.
The food additive legislation is based on a restrictive pos-
itive list and therefore the use of EOs as food additive in
bakery products is not legally allowed. However, this is
often bypassed in the food industry by declaring its pri-
mary use as food-flavouring substance. In fact, European
Regulation (EU) No. 1334/2008 defines EOs as flavour-
ing preparations and the active components are called
flavouring substances. In case the latter are derived natu-
rally they can be stated as natural-flavouring substances.
Not all flavourings need evaluation and approval by the
European Commission which means the positive list is
not exclusive. The positive list includes only those flavour-
ings for which evaluation and approval were necessary.
Use of other flavourings has to meet the requirements of
Regulation 1334/2008.

2.6. Future prospects and challenges

Different EOs have strong antimicrobial and antioxidant
potential. Therefore, their use may play a significant role
in overcoming storage losses and in enhancing food shelf-
life. This review has shown that there are two groups of
methods most currently used for the determination of
antifungal activity of EOs (diffusion and dilution assays).
Both have their advantages and must be taken into consid-
eration when one wishes to proceed to a real food appli-
cation. Due to small variations in the assays reported in
literature (e.g. incubation time, temperature, interpretation
of results, reporting, etc.), it is difficult to compare find-
ings from different authors. The most frequently applied
methods are the diffusion assays whereby the activity in the
vapour phase is investigated. This is mainly due to the fact
that the antimicrobial efficacy of EO vapour and its vola-
tile components is higher when not dissolved in a hydro-
philic medium (68). Therefore, in vivo trials are mostly
performed with the use of volatiles in active packaging or
with EO sprays (51,67,72). However, when application of
EO in bread dough or other bakery products is intended
for, a dilution screening assay would be more suitable.
Despite the benefits of the use of EOs in the food indus-
try, it still has some challenges to face. First, the main
challenge for the use of EOs in food is that the single
components present in EOs are often not strong enough
to inhibit microbial growth. EOs or its constituents can
cause negative organoleptic effects when added at the levels
required to achieve preservation (37). Second, the anti-
microbial efficacy of an essential oil not only depends on
the active compounds present in the EO but also on the
application method (74) and the matrix in which they are



applied (75). Thyme, clove and cinnamon leaf were most
effective on a rye bread-based agar medium as they contain
larger phenolic structures. Mustard and lemon grass on the
other hand, were most effective when they were applied
as volatiles in the headspace of packaged rye bread. Third,
when applied on the surface via spraying, it has to be taken
into account that many EOs’ active components are unsta-
ble and can undergo oxidation or volatilization. Teodoro et
al. (63) reported the importance of microencapsulation as
a solution for their instability. Fourth, the impact of EOs
on dough structure when added as a food additive dur-
ing bread production is still questionable as some are able
to break disulfide bridges which are very crucial for the
formation of dough structure. The effects of EOs or their
components on dough properties need further exploration
before they can be used in dough systems (76). A num-
ber of research articles concerning the in vitro antifungal
activity of EOs and its components have been published.
However, due to differences in the antifungal screening
techniques and reporting of the data, it is very difficult to
compare publications. Studies in real bread systems are less
frequently published compared to plant research and are
a true necessity in the field of essential oil application in
foods in the context of clean label technology.

3. Conclusion

In this review, we have provided an overview of the use
of EOs and their main antifungal components for food
preservation, both in in vitro systems as in bread systems,
with attention to the methods used to determine the anti-
fungal activity. Due to the fact that EOs contain volatile
components with potentially strong antifungal activity the
choice of antifungal in vitro screening assay is of impor-
tance and must be food-application oriented. Moreover, in
vivo trials in different food matrices are crucial to clearly
eliminate effects of matrix interference and off-flavours
and to see the true impact of EOs and its components on
the production of bakery products. In order to overcome
these problems, different preservation strategies (hurdle
technology) can be combined to reduce the active con-
centrations of the volatile components and to stimulate
potential synergistic preservation mechanisms.
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