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Abstract

The aim of this study was to investigate the effect of oregano essential oil on the sensory attributes and the shelf-life of
thawed Atlantic cod (Gadus Morhua) loins stored under refrigerated storage conditions. Three research groups were used for
the study. The control group is thawed loins of cod without oregano essential oil. The second group is cured loins with 0.5%
of oregano essential oil and the third one with 5% of oregano essential oil. After treatment, the sensory evaluation and
microbiological examination were carried out on day 0, 2, 4, 6, and 8. Stored treated loins with oregano oil were considered
sensory unacceptable by the sixth day of storage and were discontinued from sensory evaluation, while the untreated group
was considered spoiled by the panel after 8 days. Total plate counts for both treated groups exceeded 7 log10 CFU/g after 6
days, while the control group reached the same value on the eighth day. The study showed that the shelf life of the thawed
cod loins with oregano essential oil decreased by two days compared to the untreated group. The finding of the antimicrobial
activity of oregano essential oil was in agreement with previous studies, but it is short and does not prolong the shelf life of
cod loins significantly. However, besides these properties, it has antioxidant, anti-cancer, and other properties that can
improve the quality of foods and have a positive effect on human health.
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Introduction

In recent years, due to increasingly negative
consumer perceptions of synthetic preservatives,
interest in essential oils and their application in food
preservation has been amplified (Chouhan, Sharma,
& Guleria, 2017). The properties of essential oils are
extensively studied both in livestock and poultry
farming, as well as in human nutrition and the
preservation of food quality. The essential oil is used
in the food industry to effectively reduce the
oxidation of lipids and inhibit the growth of
foodborne pathogens to control and prevent
foodborne diseases. Therefore, essential oil has the
potential not only to increase the safety and biological
value of foodstuffs but also to extend their shelf life.
The application of the essential oil on the raw
material must be modified according to the food
structures in order to improve the effectiveness of the
bioactive compounds (Hyldgaard, Mygind & Meyer,
2012). The antimicrobial activity of essential oil
depends on their chemical composition and the
concentration of bioactive components. Essential oils
such as basil, sage, rosemary, oregano, or the maidens
are effective against Escherichia coli, Staphylococcus
aureus, Bacillus cereus, and Salmonella spp. (De
Martino, De Feo, & Nazzaro, 2009). The bioactive
compound of the essential oils damaged the surface
protein of the bacterial cell wall. According to
Nazzaro et al. (2013), the structure of gram-positive
bacterial cell walls allows hydrophobic molecules to
easily enter the cells and act on the cell wall and
cytoplasm. Phenolic compounds in essential oils
show antimicrobial activity against gram-positive
bacteria. At low concentrations, they can interfere
with enzymes involved in the energy production of
gram-positive bacteria, and at higher concentrations,

they can denature the proteins (Gutierrez, Barry-Ryan
& Bourke, 2008).

Fish is highly susceptible to spoilage, which can be
caused by both chemical reactions and microbial
growth (Gram & Dalgaard, 2002). The lipid oxidation
and microbial growth in fish during storage can be
controlled by synthetic or natural preservatives;
however, consumers are often concerned about the
use of artificial preservatives in food. Spices and their
essential oils are the most efficient natural
antioxidants and antimicrobial agents and have been
used to preserve food for centuries (Mahmoud et al.,
2006).

Various previous studies showed the influence of
different essential oils on the shelf life of fish
products. Researchers from Algeria and Turkey
(Bensid et al., 2014) conducted a study in which they
attempted to investigate the effect of ice-containing
thyme (0.04% wi/v), oregano (0.03% wi/v) and clove
(0.02% wi/v) extracts on the quality parameters of
anchovy. The researchers concluded that the test
groups with herbal extracts reduced microbial
proliferation compared to the control group. The
sensory evaluation also showed that anchovies with
herbal extracts had a shelf life of 12 days and control
groups of 9 days. Scientists from Greece (Goulas &
Kontomin, 2007) studied the combined effect of
modified atmosphere packaging (MAP: 40%
CO,/30% 0,/30% N) and oregano essential oil on
the shelf-life of lightly salted cultured sea bream
(Sparus aurata) fillets stored under refrigeration.
They found that the addition of oregano oil in MAP
salted samples produced a distinct but pleasant flavor
and contributed to a considerably slower process of
fish spoilage, given that the fillets treated with 0.8%
(v/w) oregano oil were still sensory acceptable after
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33 days of storage. The preservative effect was
enhanced with the increase of the oregano oil
concentration. Frangos et al. (2010) evaluated the
effect of salt, oregano essential oil and packaging on
fresh rainbow trout fillets during storage at 4°C. The
addition of salt extended the product's shelf-life by 9
days, whereas the combination of salt, and oregano
(0.2% v/w resulted in a significant shelf-life
extension of trout fillets (11-12 days) according to
sensory data, as compared to the control sample
under aerobic conditions.

The main components of oregano essential oil are
carvacrol, B-fenchyl alcohol, thymol, and y-terpinene.
Hot water extract has the most potent antioxidant
properties and the highest phenolic content. Carvacrol
is a significant compound in oregano with a highly
antibacterial ability. Thymol also inhibits gram-
positive and gram-negative bacteria and has
antioxidant properties (Teixeira et al., 2013).
Although the mechanism of oregano essential oil
components has been studied in many pilot works in
the past, detailed knowledge of most of the bioactive
compounds and their mechanism is still lacking.
However, recent studies showed that essential oils are
strong candidates to replace synthetic chemicals used
by the food industry to improve quality and extend
the shelf life.

The aim of this study was to study the effect of
oregano essential oil on the sensory attributes and the
shelf-life of thawed Atlantic cod (Gadus Morhua)
loins stored under refrigerated storage conditions.

Materials and Methods

The research was carried out at the request of a fish
processing company in order to extend the shelf life
of fish products. Freshly thawed Atlantic cod (Gadus
Morhua) loins (average individual weight of
approximately 220g) were received from the
company, transported to the laboratory in packages
on ice and used within 2 hours. The whole batch (84
pieces of loins) was divided into three groups. The
first group was the control group, and the two other
were experimental groups, which were treated with
different concentrations of oregano essential oil. This
application method of oregano essential oil was based
on Goulas & Kontomin (2007) and Atrea et al.

(2009). Oregano essential oil was prepared by
mixing with canola vegetable oil to obtain required
concentrations of 0.5% and 5%. 1ml of application
was applied to the cod fillet on both sides and rubbed
by hand.

After preparation, the samples were placed in plastic
bags that are tightly closed to prevent outside air from
entering and labeled. The bags with cod loins of all
research groups were kept in a refrigerator at 4°C.
Microbiological analysis was performed for each
group during the 8-day storage period. The total plate
counts was determined from the prepared groups by
serial decimal dilution and culturing the
microorganisms in plate count agar at 30°C for 72
hours according to ISO 6887-3:2017 . Sensory
evaluation of cod loins was carried out by the six-
member panel. The odor and appearance of uncooked
fillets were evaluated every two days during storage
at 4°C. Treated samples were evaluated against
freshly thawed loins and designated a score of 5. The
sample preference less than the freshly thawed loins
was scored 1 to 4, where 1 = most disliked. The
sample preference more than the freshly thawed loins
was scored 6 to 9, where 9 = most liked. Untreated
loins also were compared with untreated fresh loins
and treated loins. Two loins per treatment per
sampling day were analyzed. Statistical analysis of
results was performed with one-way ANOVA
(analysis of variance) using SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA) statistical software.

Results and Discussion

In the present study, the sensory evaluation of cod
loins was analyzed by following microbiological
analysis. Treated loins had a distinct but sensory
acceptable pleasant odor, and sensory scores indicate
that they in the first two days of testing, were
"preferred" to "typical" in appearance and odor
compared to the control loins (table 1). These treated
loins were considered sensory inadmissible because
of spoiled fish association by the sixth day of storage
and were discontinued from further sensory analysis.
Hereupon the appearance and odor of untreated
control loins were the same (p<0.05) as fresh cod
loins for up to 6 days of storage.

Table 1

Sensorye evaluation scores of Atlantic cod loin treated with oregano essential oil 0.5% (O 0.5) and oregano
essential oil 5% (O 5) during eight-day storage at 4°C

Treatment Odor Appearance

DO ¢ D2 D4 D6 D8 DO D2 D4 D6 D8
Fresh 52 5a 58 58 58 5a 5a 5@ 58 5a
Control 5a 492 4.8° 4.4° 3.1° 5.2° 5a 494 4.6 3.8°
005 5.2°P 512 45°¢ ND © ND 5a 5.12 45b ND ND
05 5.3P 5 4.6° ND ND 52 52 4.33¢ ND ND

&¢ Means within the same column with different superscripts are significantly different (P<0.05).
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4D0: Day 0, D2: Day 2, D4: Day 4, D6: Day 6, D8: Day 8
¢ND: not determined

The initial total plate counts in cod loins varied from
4.36 log CFU/g in untreated samples to 4.25 log
CFU/g in (O 0.5) and 4.30 log CFU/g (O 5) samples
(Figure 1). On the second day of storage, reduced
growth of microorganisms was observed in treated
groups (p<0.05) compared to the untreated group, and
the difference of the total plate count between O 0.5
and O 5 was significant (p<0.05). On the sixth day of
storage the growth of microorganisms in treated
groups increased significantly, exceeding 7
logio(CFU/g)in the samples. The values were 7.11
logio(CFU/g) in O 0.5 and 7.15 logio(CFU/g)in O 5
(p<0.05), respectively, while the control group
reached a similar value on the eighth day. The study
showed that the storage time of the thawed cod loins
with oregano essential oil decreased compared to the
control group.

Control —e—=00.5 05
§’ 10
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g Storage time (Day)

Figure 1. Total aerobic bacterial counts on Atlantic
cod loins treated with oregano essential oil during
eight-day storage at 4°C.

Although some studies indicated that oregano
essential oil could provide significant
bacteriostatic/inhibition effect, the results of the
present study showed that the essential oil could not
preserve cod loins for the whole storage time. The
antimicrobial effectiveness may be attributed to
aerobic storage conditions. It agrees with another
study where it was recognized that the addition of
oregano essential oil affected slower microbial
growth in minced meat which was stored in modified
atmosphere packages, but no pronounced inhibition
was found in aerobically stored meat. (Skandamis &
Nychas, 2001). Also, according to Burt (2004), the
performance of essential oils are improved with
physical conditions which are low temperature, low
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Conclusions

Our study has shown that oregano essential oil affects
sensory attributes positively.. In the first four days,
the main volatile components in the oregano essential
oil are well-known for their antimicrobial activity to
significantly  inhibit  the proliferation of
microorganisms. However, after four days of storage,
microorganisms adapted to the stress, and oregano
essential oil-treated samples spoiled rapidly. This is
because most of the antimicrobial compounds are
evaporated, and the remnants of organic substances in
oregano essential oil can provide adequate nutrients
and improve the growth of microorganisms. For this
reason, samples with oregano essential oil had
reduced the shelf life by two days compared with the
untreated group. The effects of essential oils in food
preservation, using combinations with  other
antimicrobial compounds and their interaction with
food composition components and different
packaging systems, need to be further investigated.
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