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1 | INTRODUCTION

The European Union (EU) defines aromatic and medicinal plants
(AMPs) as plants which are used first and foremost for their aro-
matic or medicinal properties in pharmacy or perfumery (Lubbe &
Verpoorte, 2011). They are aromatic plants because they produce

Abstract

Essential oils (EOs) are natural substances extracted from aromatic and medicinal
plants (AMPs), important in food preservation. Several studies have shown that
AMPs, as well as their EOs have antimicrobial (antibacterial and antifungal) activity.
Indeed, our in vitro studies have shown that oregano and thyme EOs are effective
against foodborne bacteria, isolated from fermented meat products and cheeses,
such as Escherichia coli, Listeria monocytogenes, Salmonella spp., and Staphylococcus
aureus. However, EOs of thyme and oregano seem to control the growth of fungi,
namely Botrytis cinerea and Aspergillus spp., affecting the shelf-life of fruits during
postharvest. The EOs of sage and rosemary have shown little or no antimicrobial
activity. Shelf-life extension studies using several EOs (cinnamon, clove, oregano,
rosemary, sage, and thyme) and AMPs were performed using pork meat, goat cheese,
strawberries, and table grapes. Preliminary results regarding food safety and sensory

acceptability are discussed.

Practical applications

Consumers' demands for more traditional and healthier food products led to a search
for alternatives to replace synthetic by natural additives. EOs of AMPs contribute to
food safety, due to their antimicrobial properties. Consequently, the use of AMPs'
EOs may also extend the shelf-life of food products. In the present study, experi-
mental shelf-life trials using EOs with different food products were performed, with
promising preliminary results. Cinnamon, sage, and thyme EOs extended the shelf-
life of strawberries and table grapes. Oregano EO prolonged the shelf-life of soft
cheese. Thyme EO controlled the population of enterobacteria present in pork meat.
Furthermore, the conditions used in this study can be directly applied in the food in-
dustry. Moreover, AMPs may be interesting alternatives to replace or reduce artificial

food additives.

and exude aromatic substances used in making perfumes, in cook-
ing, and in the food, pharmaceutical, and liquor industries. These
plants have the ability to synthesize a wide variety of chemical
compounds used to perform important biological functions, and to
defend against attack from predators, such as insects, fungi, and
herbivorous mammals.

J Food Process Preserv. 2019;00:€14278.
https://doi.org/10.1111/jfpp.14278

wileyonlinelibrary.com/journal/jfpp © 2019 Wiley Periodicals, Inc. | 1of7


www.wileyonlinelibrary.com/journal/jfpp
mailto:﻿
https://orcid.org/0000-0002-3900-5592
https://orcid.org/0000-0002-0877-0101
mailto:mlaranjo@uevora.pt

20f7 Wl LEY— Journal of mmeorlfst

Renaosy

AMPs have been used in our gastronomy since ancient times,
but the potential application of their essential oils (EOs) in foods has
only been more recently reported (Burt, 2004). Nevertheless, EOs
of AMPs have been shown to play a role in food safety (Gyawali &
Ibrahim, 2014; Laranjo, Fernandez-Léon, Potes, Agulheiro-Santos, &
Elias, 2017).

Several authors have reviewed the use of AMPs EOs, and re-
ported both their antibacterial as well as their antifungal in vitro
activities (Burt, 2004; Kloucek et al., 2012; Reyes-Jurado, Franco-
Vega, Ramirez-Corona, Palou, & Lopez-Malo, 2014; Swamy, Akhtar,
& Sinniah, 2016).

Several studies have reported the use of AMPs or their EOs on
traditional Mediterranean foods, such as fruits (Campos et al., 2016;
Sivakumar & Bautista-Bafos, 2014), cheeses (Asensio, Grosso, &
Rodolfo Juliani, 2015; Es'haghi Gorji et al., 2014; Govaris, Botsoglou,
Sergelidis, & Chatzopoulou, 2011; Olmedo, Nepote, & Grosso, 2013;
Smith-Palmer, Stewart, & Fyfe, 2001), and meat and meat products
(Aminzare, Hashemi, Hassanzad Azar, & Hejazi, 2016), namely pork
meat (D'Amato et al., 2016), chicken breast meat (Fratianni et al.,
2010), dry-cured sausages (Garcia-Diez, Alheiro, Falco, Fraqueza, &
Patarata, 2017; Garcia-Diez et al., 2016) and lamb meat (Karabagias,
Badeka, & Kontominas, 2011).

The present study evaluated the in vitro antimicrobial activity
of AMPs EOs, and further investigated the role of AMPs and their
EOs in shelf-life studies, through the evaluation both microbiolog-
ical quality and sensory acceptability of food products by trained

panelists.

2 | MATERIALS AND METHODS

2.1 | Invitro studies

Food grade commercial EOs from six AMPs, namely cinnamon
(Cinnamomum verum former Cinnamomum zeylanicum), clove
(Syzygium aromaticum former Eugenia caryophyllus), oregano
(Oreganum vulgare), rosemary (Rosmarinus officinalis), sage (Salvia
sclarea), and thyme (Thymus vulgaris) were used.

The in vitro antimicrobial activity of these commercial pure EOs
(Plena Natura, Portugal; and PharmaPlant, Portugal) against bacteria
isolated from cheeses, and meat products, namely dry-cured pork
sausages, and fungi isolated from fruits, namely strawberries, and
table grapes, was evaluated.

The antibacterial activity was classified in three categories ac-
cording to Espina and co-workers (2011).

The antifungal activity was measured as percentage (%) of
growth inhibition after 12 days incubation at 25°C (Duarte et al.,
2013) and results were recorded as percentage of inhibition accord-
ing to Alvarez, Delgado, Salazar, and Hurtado (2010).

2.2 | Shelf-life studies

For shelf-life studies, the results of in vitro studies as well as pre-
liminary tests were performed to optimize which EOs and in which
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concentrations to use, as described previously (Arvind, Agarwal, &
Vishnuraj, 2015).

An impregnated cotton gauze (25 cm?) containing the EO (diluted
1:10in food grade ethanol) was put inside rPET (recycled polyethylene
terephthalate) boxes (190 x 115 x 90 mm) containing either strawber-
ries or table grapes (approximately 500 g; Campos et al., 2016).

Following preliminary trials, strawberries were subjected to two
different treatments (sage and thyme), while seedless table grapes
(“Crimson”) were subjected to three treatments (cinnamon, sage,
and thyme). Both cases were compared with controls (with no treat-
ment). Fruits were stored in a cold chamber at 2°C with a relative hu-
midity of 95%. The postharvest behavior was evaluated for 12 days
for strawberries, and 42 days for table grapes.

Soft goat cheese was manufactured in a local cheese industry.
Three treatments were studied and compared to control: oregano
EO (0.34 mg/g of cheese formulation), oregano dry leaves (10 g/kg
of cheese formulation, according to artisanal manufacturing prac-
tice), and both. Oregano EO as well as oregano dry leaves was used
as ingredients in cheese production. Cheese samples were stored
for 8 days at 5°C.

The shelf-life of fresh pork meat treated with oregano and thyme
EOs was evaluated by putting an impregnated cotton gauze (25 cm?)
containing the EO (diluted 1:10 in water) on the inner surface of meat
rPET boxes (230 x 115 x 100 mm).

The following microbiological parameters were analyzed accord-
ing to international standard methods: total mesophilic bacteria ISO
4833 (2013), psychrotrophic bacteria ISO 17410 (2001), enterobac-
teria 1ISO 21528 (2017), yeasts and moulds ISO 21527 (2008). The
results were expressed in log cfu/g.

Different panels of 10 qualified judges for fruits, cheeses, and
meat were trained in accordance with 1ISO 8586 (1993). Sensory
evaluation was carried out in a sensory laboratory designed in ac-
cordance with ISO 8589 (2007). A descriptive quantitative method
was adopted, using a structured scale ranging from O (no sensation
perceived) to 100 (maximum sensation perceived), with different at-
tributes considered for each food product.

Three batches, and two replicates per batch, were analyzed for
all shelf-life studies. Results were analyzed according to One-Way
ANOVA using Statistica TM v.7.0, software from Statsoft (StatSoft
Inc, Palo Alto, CA, USA, 1984-2007). Significant differences (p < .05)
were identified based on Tukey Honest Significant Difference (HSD)
test.

3 | RESULTS

3.1 | Invitro studies

Oregano and thyme EOs are effective against foodborne bac-
teria, isolated from fermented meat products and cheeses, such
as Escherichia coli, Listeria monocytogenes, Salmonella spp., and
Staphylococcus aureus (Table 1). Rosemary and sage show low or no
antimicrobial activity, while cinnamon and clove show intermediate

antimicrobial activity against all tested bacteria.
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TABLE 1 Antimicrobial activity of EOs measured by the inhibition halo diameter (in mm) against gram-negative and gram-positive

bacteria
Gram-negative bacteria

EOs Escherichia coli Salmonella spp.
Cinnamon 14.7 £ 0.6 (M) 14.7 £ 0.6 (M)
Clove 15.5+ 0.5 (M) 13.5+ 0.5 (M)
Oregano 26.5+0.5(S) 24.5+0.5(S)
Rosemary 6.0 £ 0.0 (NI) 6.0+ 0.0 (NI)
Sage 6.0+ 0.0 (NI) 6.0+ 0.0 (NI)
Thyme 26.8 0.8 (S) 26.3 +0.6(S)

Notes: Values are presented as mean (mm) + SD (n = 3).

Gram-positive bacteria

Listeria monocytogenes Staphylococcus aureus
15.7 £ 0.6 (M) 13.7+ 0.6 (M)
15.0+1 (M) 13.3+0.6 (M)
32.5+£0.5(9) 37.0+1(S)
15.5+0.5 (M) 8.5+ 0.5 (NI)

8.8 +0.29 (NI) 6.0 0.0 (NI)
29.5+0.5(9) 25.7 £ 0.6 (S)

Abbreviations: M, moderate antimicrobial activity (10-20 mm); NI, no antimicrobial activity (<10 mm); S, strong antimicrobial activity (>20 mm).

Inhibition haloes include the disk diameter (6 mm).

EO of thyme (Table 2) is the most effective one and seems to
control the growth of all studied fungal isolates. Oregano EO, how-
ever, inhibited the growth of Aspergillus spp., Alternaria sp., Botrytis
cinerea, Cladosporium sp., and Penicillium sp. The EOs of sage and
rosemary have shown little or no antimicrobial activity, while cinna-
mon and clove EOs showed an intermediate antimicrobial activity
(Table 2).

3.2 | Shelf-life studies with fruits

The number of non-marketable strawberries was evaluated every
3 days. Strawberries may be considered non-marketable either due
to the presence of fungi or due to other causes of decay (e.g., pres-
ence of worms, weight loss, and fruit softening; Campos et al., 2016).
The predominant fungus isolated from strawberries was Botrytis
cinerea.

Until Day 6, only a few losses were observed, and all were caused
by the presence of fungi. On the ninth day, the number of non-mar-
ketable strawberries increased pronouncedly, particularly in the
control treatment. Sage EO showed the best results controlling
fungi, mainly Botrytis cinerea and Rhizopus spp. Thyme EO has been
reported as being very effective controlling B. cinerea and Penicillium
expansum in some apple cultivars (Lopez-Reyes, Spadaro, Gullino, &
Garibaldi, 2010). However, in the trial with strawberries, we did not
observe the expected results regarding the control of B. cinerea by
thyme EO (Campos et al., 2016).

Microbiological analyses throughout 42 days (data not shown)
revealed that moulds were the predominant microbiota present in
table grapes, with Aspergillus niger being isolated from most sam-
ples. Psychrotrophic and mesophilic bacteria were present in slightly
lower numbers (approximately 2.0 log after 42 days), while entero-
bacteria were mostly not detected.

Cinnamon, sage, and thyme EOs were effective in controlling
the population of moulds until Day 21. A significant reduction (ap-
proximately 2.5 log to 1.0-1.5 log) was observed on the seventh day
(Figure 1).

Cinnamon was the most effective EO on Days 28 and 35, al-
though on Day 28 it was not significantly different from the control
treatment (p > .05) (Figure 1). Cinnamon EO treated samples were
not evaluated on Day 42, due to a pronounced browning of the ra-
chis (visual inspection). Melgarejo-Flores et al. (2013) investigated
the effect of vapors of cinnamon leaf oil on table grapes stored at
10°C for 15 days among other methods (emulsions, and coatings).
They observed that the cinnamon oil vapor was the most effective
in reducing fungal decay and maintaining the antioxidant activity of
grapes, without affecting its acceptability by consumers due to the
odor of the oail.

Furthermore, vapors of EOs were able to decrease the dehydra-
tion process and consequently the weight loss in “Crimson Seedless”
(Valverde et al., 2005) and “Autumn Royal” table grapes (Valero et al.,
2006), thus hindering the beginning of the fungal infection process,
by maintaining the integrity of grapes' skin.

EOs seem to play a major role in delaying the onset of fungi
rather than inhibiting fungal growth. It is possible that their ac-
tion is fungistatic and not fungicidal. Generally, the use of EOs in
the preservation of strawberries and table grapes did not depreci-
ate the sensory quality of fruits, as evaluated by the panelists (data
not shown). This statement is in accordance with the conclusion of
Ponce, Roura, Valle, and Moreira (2008) that referred that the appli-
cation of EOs volatiles should not affect fruit aromas produced by
volatiles, such as esters, alcohols, ketones, sesquiterpenes, and al-
dehydes. Nevertheless, the use of high concentrations of EOs could

cause negative effects on flavor.

3.3 | Shelf-life studies with soft goat cheese

All microbiological groups increased their counts in goat's cheese
from O (TO) to 8 (T8) days of storage (Figure 2). The combined treat-
ment of oregano leaves and oregano EO was the most effective in
controlling all microbial groups, although with no significant differ-

ences (p > .05).
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TABLE 2 Antimicrobial activity of EOs (percentage growth inhibition) against fungi isolated from strawberries, and table grapes

Botrytis cinerea Penicillium sp. Cladosporium sp. Alternaria sp.

Aspergillus terreus

Aspergillus fumigatus
28.12 £ 4.33 (M)
28.15 + 3.62 (M)

100.00 = 0.00 (S)

Aspergillus niger

EOs

W)

M)

S)

W)

M)

S)

0.00 +0.00
55.81 + 6.29

M)

M)

S)

64.53 £2.22

0.00 £ 0.00
10.47 £ 3.02
100.00 + 0.00

W)
M)

26.74 £ 4.02

M)

33.14 £ 6.95

M)

S)

100.00 + 0.00

0.00 +0.00
51.74 £ 3.98

W)

W)

S)

100.00 + 0.00 (S)

43.02+1.33

W)

37.79 £ 3.96
100.00 + 0.00

W)

S)

0.00 +0.00
0.00 +0.00

100.00 + 0.00

W)

W)

S)

3.48 £4.02

M)

7.56 £2.22
100.00 + 0.00

M)

S)

0.00 +0.00
0.00 +0.00

100.00 = 0.00

W)

W)

S)

33.14 £4.80
33.72+1.35

M)

M)

100.00 + 0.00

M)

40.12 £1.16

Cinnamon

40.70 + 1.34

Clove

47.77 £ 2.23

Oregano

0.00 +0.00
0.00 +0.00

100.00 + 0.00

35.79 + 5.00 (M)

42.76 +2.01 (

W)
M)

S)

M)

100.00 + 0.00 (S)

0.00 +0.00
12.79 £+4.03

100.00 = 0.00

Rosemary

Sage

Thyme

Notes: Values are presented as mean (percentage growth inhibition) + SD (n = 3).

Abbreviations: M, moderate antimicrobial activity (10%-60% growth inhibition); S, strong antimicrobial activity (>60% growth inhibition); W, weak antimicrobial activity (<10% growth inhibition).
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No significant differences were observed in the numbers of all
tested microbial groups between the sixth (Té) and eighth day (T8)
for the treatment with oregano EO and oregano leaves (p > .05):
mesophiles (7.2-7.3 log cfu/g), psychrotrophic bacteria (7.5-7.5 log
cfu/g), enterobacteria (7.2-7.3 log cfu/g), and yeasts (4.7-4.9 log
cfu/g).

Sensory evaluation evidenced the rejection of the soft goat
cheeses treated with oregano in all forms, due to the presence of
a pronounced bitter taste (data not shown). However, the cheeses
manufactured only with oregano leaves were highly appreciated
(data not shown).

3.4 | Shelf-life studies with pork meat

The population of all studied microbial groups increased from Day O
to Day 6 (Figure 3).

Results with oregano EO in meat revealed no significant reduc-
tion in the populations of the studied microbial groups (p > .05).
However, thyme EO showed some promising results in reducing the
counts of all studied microbial groups, particularly enterobacteria
(p < .05).

A few random sensory analyses indicate that the use of EOs does
not depreciate pork meat organoleptic attributes. Moreover, their
presence was noticed and positively appreciated by the panelists

(data not shown).

4 | DISCUSSION

The use of different AMPs and their EOs was determined taking into
account their in vitro antimicrobial activity. Furthermore, EOs were
also selected depending on the food product, according to the use of
these aromatic “herbs” in the traditional Mediterranean diet.

One of the main causes of postharvest losses in fruits is the pres-
ence of fungi, such as Botrytis cinerea, Rhizopus spp., Penicillium spp.,
and Aspergillus spp., among others. Particularly, strawberries have a
rapidly decreasing quality during postharvest storage, and a conse-
quently very short shelf-life, due to the losses caused by fungi. The
use of cinnamon, sage, and thyme EOs in the preservation of straw-
berries and table grapes controlled fungal growth, thus enabling the
extension of shelf-life. These results are in agreement with the ones
reported before for strawberries (Campos et al., 2016).

The usual shelf-life of soft goat cheese given by the manufac-
ture is 6 days. The use of the combined treatment of oregano and
oregano EO enabled the extension of the shelf-life to 8 days, since
no significant changes were observed in the microbiota of cheeses.
Other authors had obtained better antibacterial results with oregano
EO in feta cheese (Govaris et al., 2011).

Thyme EO was effective in controlling the population of en-
terobacteria present in pork meat, which was expected taking into
account its in vitro antibacterial activity against gram-negative bac-
teria. Furthermore, several other studies have reported the use of
thyme and oregano EOs, among other to preserve different meats
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FIGURE 1 Moulds (log cfu/g) present 4.0
in table grapes subjected to different 35
treatments for a postharvest period of ’

42 days 3.0

log cfu/g

0.0

FIGURE 2 Microbiota (log cfu/g) of
soft goat cheese with different treatments
throughout shelf-life. E, enterobacteria;
M, mesophiles; PB, psychrotrophic
bacteria; TO, Day O; T8, Day 8; Y, yeasts

log cfu/g
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FIGURE 3 Microbiota (log cfu/g) of
pork meat with different treatments
throughout shelf-life. E, enterobacteria;
M, mesophiles; PB, psychrotrophic
bacteria; TO, Day O; T6, Day 6; Y, yeasts

log cfu/g
O R N W H U O N ©® VO

and meat products (Sharma, Mendiratta, Agarwal, Kumar, & Soni,
2017; Soni et al., 2018; Soni, Kandeepan, Mendiratta, Shukla, &
Kumar, 2016; Thakur, Mendiratta, Chauhan, Soni, & Agrawal, 2019).

5 | CONCLUSIONS

Promising results were obtained regarding the in vitro antimicrobial

activity of oregano and thyme EOs.

M

H control

M

2.5
20
15
1.0
0.5 I
0 7 14 21 28 35 42

Storage period (days)

M control ®cinnamon ' sage Mthyme

PB E Y M PB E Y

TO T8
microbial groups

moregano EO  moregano leaves I oregano leaves+oregano EO

PB E Y M PB E Y

TO T6
microbial groups

M control moregano M thyme

The use of AMPs EOs in the preservation of different food prod-
ucts further needs to consider the properties of the different EOs, as
well as the specific characteristics of each food matrix.

The use of EOs posed different problems in the sensory analysis,
which need to be overcome, such as the perception of a pronounced
bitter taste in oregano EO.

Nevertheless, AMPs and their EOs may play an important role as
Generally Recognized As Safe (GRAS) alternatives to food additives,
such as salt, with the purpose of extending the products' shelf-life.
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