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Abstract 

This study was performed in order to investigate the effect of essential oils (rosemary, clove and oregano) treatment on 
vacuum-packaged smoked trout quality changes over 91 days of chilled storage. Currently, the essential oils are used in food 
industry for two main reasons: to control natural spoilage processes in food preservation and to prevent growth of pathogens 
in food. In the current research, essential oils were purchased from a Romanian authorized company of essential oils with 
applicability in the food industry, and the product of the trout subjected to the investigation was obtained in an industrial 
processing company of the trout.  Characteristics related to sensorial, physicochemical and microbiological (total aerobic 
counts, lactic acid bacteria, Enterobacteriaceae, Pseudomonas, Salmonella) properties were evaluated at 0, 14, 28, 42, 56, 70, 
77, 84 and 91 days of cold storage, respectively. The best results were obtained with the use of clove oil, which did not 
influence the sensory characteristics of the product. 
 
Rezumat 

S-a investigat efectul conservant al uleiurilor volatile de rozmarin, cuișoare și oregano asupra unor probe de păstrăv afumat, 
ambalat în vid, pe o perioadă de 91 de zile de depozitare refrigerată. În prezent, uleiurile esențiale sunt utilizate în industria 
alimentară din două motive: controlul proceselor naturale de alterare în conservarea alimentelor și prevenirea creșterii 
agenților patogeni în produsele alimentare. În studiul prezentat, uleiurile esențiale au fost achiziționate de la o companie 
românească autorizată, producătoare de uleiuri volatile cu aplicabilitate în industria alimentară, iar păstrăvul supus analizei a 
fost procurat de la o fabrică de prelucrare industrială a peștelui. Caracteristicile senzoriale, fizico-chimice și microbiologice 
au fost evaluate la 0, 14, 28, 42, 56, 70, 77, 84 și respectiv 91 de zile de depozitare la rece. Cele mai bune rezultate au fost 
obținute prin utilizarea uleiului de cuișoare, care nu a influențat caracteristicile senzoriale ale produsului. 
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Introduction 

Trout is a fish belonging to the Salmonidae family, 
a species with high commercial value and much 
appreciated by Romanian consumers and not only [1]. 
These fish are highly nutritious, rich in vitamins, 
proteins and minerals [2]. Smoking is a traditional 
preserving method used for fish and meat products 
around the world which also applies to trout. Smoked 
trout, usually stored in refrigerated conditions, is very 
sensitive to spoilage and has a limited shelf life of 
usually 3 - 4 weeks and up to 5 weeks if the product 
is vacuum packaged [3-5]. 
Improvements in the shelf life of smoked trout product 
can have an important economic feedback by reducing 
losses attributed to spoilage and by allowing the 
products to reach distant and new markets [6-9]. An 
effective method for the extension of shelf life of 

smoked trout has proven to be the use of essential 
oils. Essential oils are aromatic oily liquids obtained 
from flowers, buds, seeds, leaves, stem, bark and herbs 
[10-13]. Essential oils can be used in food in order to 
prolong the shelf life due to of the natural antioxidant 
and antimicrobial properties, and additionally, they can 
reduce or replace synthetics additives plant material. 
Essential oils and their components have been used 
for centuries as perfume fragrances, in culinary as 
flavouring, and in folk medicine [14-17]. Currently, 
they are mainly studied for their different biological 
properties such as antioxidant, antibacterial, antiviral, 
antitumor, antimycotic, analgesic, antiparasitic, anti-
diabetic, and anti-inflammatory [18-23]. 
Several studies have shown that some of the essential 
oils have marked antimicrobial and antioxidant 
activities in smoked trout such as oregano, thyme, 
rosemary, clove, cinnamon, coriander, basil, sage and 
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mint [16, 24, 25]. The beneficial effect of the use of 
natural essential oils on the shelf life of trout products 
has been confirmed by several researches, for example 
by using thyme oil the shelf life was increased by 2 - 5 
weeks [4, 7, 24, 26-28], clove oil by 7 - 8 weeks [4, 
26, 28], bay leaves oil by 7 weeks [6, 9], sage oil by 6 
weeks [4], rosemary oil by 2 - 5 weeks [4, 6], garlic 
oil by 2 weeks [24, 26], oregano oil by 11 - 12 days 
[7, 13, 26, 27, 29], basil oil by 10 - 14 days [7, 13, 
26, 27, 29]. 
There are studies showing the synergism of action of 
the mixture of different essential oils or between an 
essential oil and the content of NaCl or other anti-
microbial agents that can be used to store trout products 
[26, 30]. 
Rosemary essential oil is a colourless or pale yellow 
liquid with a characteristic odour of the plant and 
the many bioactive compounds. Analysis of chemical 
composition of rosemary oil shows that the most 
important antioxidant active constituents are phenolic 
diterpenes, triterpenes, and phenolic acids such as 
carnosic acid, carnosol, rosmanol, ursolic acid, betulinic 
acid, and rosmarinic acid. The main constituents of 
the oils were p-cymene (44.02%), linalool (20.5%), 
gamma-terpinene (16.62%), thymol (1.81%), beta-
pinene (3.61%), alpha-pinene (2.83%) and eucalyptol 
(2.64%) [31]. It is known that rosemary is a rich source 
of phenolic phytochemicals having significant anti-
oxidant, anti-inflammatory, hypoglycaemic, hypo-
lipidemic, hypotensive, anti-atherosclerotic, anti-
thrombotic, hepatoprotective, antidepressant, anti-
proliferative and hypocholesterolaemic effects [32]. 
Due to its antioxidant and antimicrobial activity, this 
oil is able to prolong the shelf life of the food and 
maintain its quality during storage. Therefore, it is 
already used as an antioxidant and antimicrobial agent 
in the food industry [33]. 
Clove oil, an herbal extract, contains the following 
bio-active natural compounds: eugenol (75.39%), 
caryophyllene oxide (11.22%) and eugenol acetate 
(5.16%). For example, eugenol had antimicrobial 
properties and inhibited Listeria monocytogenes, 
Campylobacter jejuni, Salmonella enteritidis, E. coli 
and Staphylococcus aureus. Clove oil has been listed 
as a “Generally Regarded as Safe” substance by the 
United States Food and Drug Administration when 
administered at levels not exceeding 1,500 ppm in all 
food categories [27]. Besides the reported antimicrobial, 
antifungal and antiviral properties, the essential oil of 
clove shows antiinflammatory, cytotoxic and anaesthetic 
activities [4, 34, 35]. 
Oregano essential oil contains carvacrol (64.2%), p-
cymene (17.4%), γ-terpinene (11.3%), thymol (3.0%), 
and linalool (2.9%), which are responsible for its 
biological effect [36]. Also, flavonoids (quercetin, 
apigenin, kaempferol derivatives) and phenolic acids 
(rosmarinic, ferulic, p-coumaric, caffeic) confer a 
potent antioxidant capacity to oregano [37]. Oregano 

is an important culinary and medicinal plant. Most 
of the commercial oregano comes from wild plant 
populations growing in Turkey and Greece. 
Traditionally, oregano was employed to treat disorders 
of the upper respiratory tract, coughs, fever, digestive 
disorders, dysmenorrhea, rheumatic pains, and urinary 
disorders [27, 29]. More recently, antihyperglycemic 
and cytotoxic activities were reported. In the food 
industry, oregano oil is not only used as a flavouring 
agent, but also as a preservative, due to significant 
antimicrobial effects and good antioxidant, antifungal 
and antibacterial activity [35, 36, 38]. 
The paper proposes the use of these three essential oils 
(rosemary, clove and oregano) in order to increase the 
shelf life of the vacuum-packaged smoked rainbow 
trout in vacuum, with the optimal variant taking into 
consideration the sensory, microbiological and physico-
chemical analysis of the samples for 91 days chilled 
storage. 
 
Materials and Methods 

The sample of smoked trout was obtained from a 
local processor in Suceava, Romania. The trout after 
smoking is vacuum packaged and has an initial shelf 
life of 35 days. The three essential oils (rosemary, clove 
and oregano) were purchased from SC Bionovativ SRL 
(Brașov, Romania) with known chemical composition. 
Undiluted 100% oil of rosemary, clove and oregano 
oil were used. These essential oils were applied by 
spraying on the entire surface of the smoked trout 
prior to packaging, at a rate of 1% of the weight of 
the product. The samples were stored during the 
study under refrigeration conditions at 4 - 6°C and 
evaluated at 0, 14, 28, 42, 56, 70, 77, 84 and 91 days 
of storage, respectively, sensory, physicochemical and 
microbiological characteristics. 
Sensory analysis of trout samples treated with essential 
oils was performed by 35 trained assessors. The sensory 
panellists comprised students and teachers of the 
Faculty of Food Engineering, Ștefan cel Mare University 
of Suceava, Romania, who were selected and trained 
according to STAS 12655-88 and STAS 12656-88 
[44, 45]. Four samples were offered to each panellist: 
1, control sample, smoked trout without essential oil; 
2, smoked trout treated 1% rosemary oil; 3, smoked 
trout treated 1% clove oil; 4, smoked trout treated 1% 
oregano oil. The panellists were instructed how to 
evaluate the samples and fill in the form before 
beginning the evaluation. The following characteristics 
have been noted: the appearance (5 points), the colour 
and the consistency of the meat (5 points), the taste (5 
points) and the smell (5 points), the maximum score 
that can be obtained by a sample – 20 points. The 
basic principle in the sensory analysis consists in the 
evaluation of each sensorial characteristic by comparison 
with scores ranging from 0 to 5 points and the 
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achievement of the average score given by the 
group of panellists [35, 36]. 
Physicochemical analysis. Total volatile basic nitrogen 
(TVB-N, mg/100 g fish flesh) was determined according 
to EC Regulation No 2074/2005 [37]. The volatile 
nitrogenous bases were extracted from a sample using 
a solution of 0.6 mol perchloric acid, homogenised for 
two minutes, and then filtered. After alkalinisation the 
extract underwent distillation and TVB-N concentration 
was determined by titration with 0.01 mol/L HCl until 
pH = 5 and calculated using the following equation: 

( )
M

VVABVT 100214.001 ×××−
=

 
[mg/100g],                             (1) 

where, V1 = volume of 0.01 mol hydrochloric acid 
solution in mL for sample; V0 = volume of 0.01 mol 
hydrochloric acid solution in mL for blank; and 
M = weight of sample in g. 
The pH of trout samples was measured by standard 
method with a portable F2 Standard Mettler Toledo 
pH-meter (METTLER TOLEDO, Germany). 
Determination of ammonia was performed according 
to SR 9065-7: 2007, relying on the fact that the 
ammonia ion (NH4

+) gives a yellowish brown colour 
with Nessler reagent, directly proportional with the 
amount of ammonia. Interpretation of the results 
consisted of tracking changes in coloration and 
clarification of the solution containing the sample 
to be analysed [40, 41]. 
Kreis reaction is the identification of aldehyde, which 
is a constant result of advanced fat oxidation according 
to SR 9065-10:2007. Epihidrinic aldehyde, formed 
during advanced oxidation of fats, released in an acid 
environment, reacts with phluoroglucine, giving a 
coloured compound, proportional to the quantity of 

epihidrinic aldehyde, and also with the oxidation 
process [42-44]. 
Microbiological analyses 
For evaluating the influence of essential oils on the 
microbiological stability of fish products, several 
microbiological indicators were assessed: total aerobic 
counts (Plate Count Agar medium), lactic acid bacteria 
– LAB (using deMan, Rogosa and Sharpe – MRS 
Agar), Pseudomonas (CFC Agar medium), Salmonella 
(Xylose Lysine Deoxycholate – XLD Agar medium) 
and Enterobacteriaceae (MacConkey Agar), using 
Merck media (Merck KGaA, Darmstadt, Germany). 
For sample preparation, 10 g of product was aseptically 
collected and homogenized in 90 mL of sterile 
physiological saline buffer using a homogenizer Bag-
Mixer (InterScience, France). From the homogenized 
suspension, 1 mL aliquots were used for inoculation 
of media, followed by incubation according to the 
type of media used. For lactic acid bacteria, anaerobic 
conditions were achieved using an Anaerocult system 
(Merck KGaA, Darmstadt, Germany). Results were 
expressed as CFU/g of product after colonies counting. 
Statistical analysis. All analytical determinations were 
on days 0, 14, 28, 42, 56, 70, 77, 84 and 91. 
Experiments were replicated twice on different 
occasions with different fish samples. The mean each 
sample for each group was analysed three times. Data 
were subjected to analysis of variance. The significant 
difference procedure was used to test for differences 
between means (p < 0.05). 
 
Results and Discussion 

Sensory analysis 
The results of the sensory analysis are presented in 
Table I. 

Table I 
Synthesis of the scores given in the sensory analysis 

Sample Storage, days 
0 14 28 42 56 70 77 84 91 

Control  19.5 19.4 19.0 18.8 19.2 18.0 17.9 16.5 16.8 
Rosemary oil 17.4 17.8 17.6 17.9 18.0 16.6 16.8 17.0 15.0 
Clove oil 19.6 19.5 19.4 19.2 19.2 18.8 18.6 18.8 18.0 
Oregano oil 18.6 18.4 18.2 18.5 18.0 18.2 18.0 17.5 17.0 

 
The analysis of the values presented in Table I shows 
that smoked trout treated with of clove oil, followed 
by smoked trout treated with of oregano oil, was 
among the preferences. These results are agreed by 
other researches [5, 6, 10]. The samples treated with 
rosemary oil have been described by the panellists 
as having a strong smell of rosemary, unpleasant. 
Under current regulations, unprocessed fishery products 

belonging to species categories are considered unfit 
for human consumption if sensorial evaluation gives 
rise to suspected freshness. 
Assessment of physicochemical characteristics 
The results of the physicochemical analysis of the 
smoked trout samples obtained during the 91 days 
of storage are shown in the Tables II, III, IV and V. 
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Table II 
The results of Total volatile basic nitrogen (TVB-N) evaluation [mg/100 g sample] 

Sample Storage, days 
0 14 28 42 56 70 77 84 91 

Control  23.08a ± 0.2 23.24a ± 0.1 26.04b ± 0.3 34.58c ± 0.2 45.08c ± 0.1 44.75d ± 0.2 47.32d ± 0.1 48.44d ± 0.1 50.60d ± 0.1 
Rosemary oil 23.56a ± 0.2 23.94a ± 0.1 31.36d ± 0.1 34.14c ± 0.2 35.14b ± 0.2 38.08c ± 0.1 39.66c± 0.1  42.56b ± 0.3 47.18c ± 0.1 
Clove oil 24.02b ± 0.3 24.78b ± 0.2 24.08a ± 0.1 28.77b ± 0.1 29.02a ± 0.1 29.44a ± 0.3 30.80a ± 0.2 38.08a ± 0.3 40.88a ± 0.2 
Oregano oil 23.98a ± 0.1 24.05a ± 0.1 28.28c ± 0.2 27.37a ± 0.1 35.28b ± 0.1 35.28b ± 0.1 32.48b ± 0.2 43.96c ± 0.1 44.85b ± 0.1 

(Different letters in the same column represent statistically significant differences for p < 0.05) 
 
Generally, the total volatile basic nitrogen (TVB-N) 
may be considered as a quality index for fish. Its 
increase is related to the activity of spoilage bacteria 
and endogenous enzymes [5]. At the beginning of 
storage, the TVB-N value was 23.08 mg/100 g (Table 
II) smoked trout for control sample and 23.56 - 
24.02 mg/100 g for smoked trout treated with essential 
oil. These values were approximately similar to the 
values reported by [10] for hot smoked rainbow 
(23.22 mg/100 g) [10]. According to the EC Regulation 
No 2074/2005, unprocessed fishery products belonging 
to species categories are considered unfit for human 
consumption if TVB-N value exceeds 35 mg/100 g 
trout [43]. The best results were obtained in the case of 

clover oil, an increase in this indicator was observed 
after a 91 days of storage period of 1.8 times the 
control sample, the increase of which was 2.17 times. 
These results agree with those obtained by Lee et al. 
which found that in addition, the shelf life of smoked 
fish treated with clove oil was extended by 4 - 5 
weeks compared to the control samples [22]. Erkan 
N. has come to the conclusion that a shelf life of 7 
weeks was recorded for hot smoked trout treated 
with thyme and garlic oil [24]. Research conducted 
by Çoban et al. showed that combination of vacuum 
and essential oils extension shelf life of approximately 
2–8 weeks [4]. 

Table III 
Evolution of smoked trout pH during storage 

Sample Storage, days 
0 14 28 42 56 70 77 84 91 

Control  5.80a ± 0.01 6.13a ± 0.03 6.16a ± 0.01 6.10a ± 0.01 6.05a ± 0.02 5.95a ± 0.03 5.99a ± 0.01 6.00a ± 0.02 5.97a ± 0.01 
Rosemary oil 5.75a ± 0.02 5.95a ± 0.01 6.02a ± 0.02 6.01a ± 0.02 5.99a ± 0.02 6.00a ± 0.01 5.94a ± 0.03 5.98a ± 0.01 5.94a ± 0.02 
Clove oil 5.87a ± 0.01 6.28b ± 0.01 6.37b ± 0.01 6.32b ± 0.02 6.25b ± 0.01 6.24b ± 0.01 6.20b ± 0.02 6.19b ± 0.02 6.22b ± 0.01 
Oregano oil 5.78a ± 0.02 6.16a ± 0.02 6.27b ± 0.03 6.32b ± 0.01 6.15b ± 0.01 6.22b ± 0.02 6.05a ± 0.01 6.12b ± 0.01 6.05a ± 0.03 

(Different letters in the same column represent statistically significant differences for p < 0.05) 
 
At the beginning of the evaluation period, the pH 
value was 5.80 for control sample and 5.78, 5.75 
and 5.87 for smoked trout treated with essential oil. 
At the end of the storage period of 91 days, pH 
values of samples were found to be 5.97 for control 

sample, respectively 5.94 for smoked trout treated 
with rosemary oil, 6.22 for smoked trout treated with 
clove oil and 6.05 for smoked trout treated with 
oregano oil. Similar results have been reported for hot 
smoked rainbow trout under vacuum conditions [24]. 

Table IV 
The results of the determination of the fat oxidation stage (Kreis reaction) 

Sample Storage, days 
0 14 28 42 56 70 77 84 91 

Control sample - - - - + + + + + 
Rosemary oil - - - - - - + + + 
Clove oil - - - - - - - - - 
Oregano oil - - - - + + + + + 

 
The qualitative test performed by the Kreis reaction led 
to the best results for the smoked trout treated with 
clove oil, where the reaction was “negative” from the 

first day until the last day of storage (Table IV). An 
identical result was obtained in the case of ammonia 
determination with the Nessler reagent (Table V). 

Table V 
Results of determination of ammonia with Nessler reagent 

Sample Storage, days 
 0 14 28 42 56 70 77 84 91 

Control sample - - - - + + + + + 
Rosemary oil - - - - - - + + + 

Clove oil - - - - - - - - - 
Oregano oil - - - - + + + + + 
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One of the problems derived from food degradation is 
lipid oxidation and peroxidation. These two processes 
are natural chemical phenomena that affect the 
nutritional value of foods, and they are responsible 
for changes in foods sensorial characteristics. The 
antioxidant capacity of the essential oils is directly 
related to their composition. Their strong antioxidant 
capacity may be also explained by the synergistic 
effect among active compounds. [32]. 
Assessment of microbiological characteristics 
Fish microbial spoilage is known to occur from specific 
classes of microorganisms, depending on the origin of 
the product and on the technological processes used. 
In fresh fish, Gram-fermentative bacteria such as 
Vibrionaceae are main spoilage agents, in marine 
and chilled fish Shewanella and Pseudomonas are 
predominant, while in cold smoked fish, chilled, 
vacuum-packed fish lactic bacteria dominates 
(LAB), sometimes associated with psychrotrophic 
Enterobacteriaceae [15]. In smoked, chilled, vacuum 
packed fish, microbial counts should be complementary, 
as only total bacterial counts may prove irrelevant 
due to high numbers of LAB that are present for 
weeks before product becomes sensorially inacceptable. 
In these products, microflora may be composed by 
LAB alone, LAB and Enterobacteriaceae or 
Photobacterium phosporeum and LAB [16]. 
The dynamics of microbial populations of fish samples 
presented, as expected, a growing trend over the 91 
days of storage (Figures 1 and 2). Both aerobic plate 
counts and lactic bacteria counts had highest values 
in control samples, reaching differences of 1 log 
compared to treated samples. The effectiveness of 
the essential oils decreased in the next way: clove 
oil, oregano oil and rosemary oil. 
Generally, the highest increase in bacterial counts 
between analyses was observed after 56 days in the 
case of control fish and after 91 days in the case of the 
essential oils. Enterobacteriaceae were also detected 
in fish samples, but only up to 28 days, reaching, at 14 
days, 3.81 * 103, 2.20 * 103, 2.80 * 103 and 2.50 * 103 
CFU/g in control, clove, rosemary and oregano samples, 
respectively. After 28 days, control samples had 
1.65 * 102 CFU/g Enterobacteriaceae while other 
samples recorded no such microorganisms. After 56 
days, Enterobacteriaceae were not detected in any 
treatments. Pseudomonas and Salmonella were not 
detected. 
Our results are in agreement with other research, where 
main microorganisms in smoked trout were LAB, 
followed by Enterobacteriaceae [13]. The smaller 
numbers in our study may be the result of fish origin 
and smoking process characteristics. Clove and rosemary 
oils have been reported previously as effective storage 
period extenders of smoked and vacuumed trout, due 
to inhibitory effects of essential oils on lipid oxidation 
and microbiological growth [7]. From a microbiological 
standpoint, the effect of clove and oregano essential 

oils is due to the main compounds thymol and eugenol, 
which alter microbial cell envelope [31]. More 
specifically, eugenol modifies membrane permeability 
and fatty acid profile and is also active against bacterial 
enzymes such as proteases, amylases and ATPase [23]. 
Comparing clove and oregano oils with rosemary oil, 
the former had higher efficacy, which can be a result 
of different chemical composition. Rosemary oil has 
1,8-cineole and α-pinene as major compounds and 
is slightly less effective than clove oil against G-, 
G+ bacteria and fungi [11]. 
 

 

 
Figure 1. 

Total aerobic counts dynamics of smoked trout 
 

 
Figure 2. 

Lactic bacteria counts dynamics of smoked trout 
 
Conclusions 

The addition of essential oil on smoked trout has a 
real benefit for the finished products. The results of 
the present studies lead to an increase of the shelf 
life of vacuum-packaged hot smoked trout to over 
100%. The initial shelf life of the control sample 
was 35 days, but with the addition of essential oil it 
can be increased up to 90 days (2.6 times higher). 
According to sensorial physicochemical and micro-
biological analyses, the essential oils have a positive 
effect on the shelf life of finished product; especially 
addition of clove oil extended the products shelf life 
by approximately 8 weeks. In conclusion, essential 
oils can be used to improve smoked trout shelf life 
as natural preservatives. 
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