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Abstract This study was conducted to investigate the
effects of nanoemulsions prepared with various concen-
trations of olive oil on the sensory, chemical and micro-
biological quality of rainbow trout fillets. The results
showed that the shelf life of rainbow trout fillets were
determined as 10 days for the control, 12 days for tween 80
group, 14 days for the 15% olive oil nanoemulsion group
(O15) and 16 days for both 30% (0O30) and 45% olive oil
nanoemulsion groups (O45). It was determined that the use
of olive oil suppressed the fish smell and improved the
organoleptic quality of fish fillets, extending shelf life. Best
sensory results were obtained from O30 and O45 treatment
groups. The use of nanoemulsion had a positive effect on
the biochemical parameters (TVB-N, PV, FFA, TBARs
and pH), as well as inhibiting bacterial growth compared to
the control group. Among nanoemulsion groups, the lowest
bacteria content was found in O45 group. As a result, O30
and O45 treatment groups can be recommended for the
preservation of fish fillets.
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Introduction

Aquaculture industry has arisen as one of the most
promising and rapidly growing industries, providing
nutritious, high quality animal protein and providing
income and employment around the world. Especially
rainbow trout stands out for both Turkey and the world
aquaculture. According to Turkish Statistical Institute
(TUIK 2017), annual trout production in Turkey is around
109.657 tons. Thus, longer shelf life is essential for a
species with such economic importance to the consumers.
Since fish spoil very quickly compared to other fresh
food, the oxidative spoiling of aquaculture products, due to
their rich unsaturated fatty acid content, is one of the most
important issues for both the food industry and the con-
sumers. As a result of oxidative spoiling, the shelf life of
the product is reduced, and unwanted changes occur in the
flavor, aroma and color of the product (Singh et al. 2005).
To reduce the occurrence of rancid taste and smell, syn-
thetic antioxidants and antimicrobials are used widely.
Recently, interest in natural additives has increased, due
to the negative effects of synthetic additives on human
health (Amorati et al. 2013). Among natural additives,
vegetable oils are widely preferred (Ozogul et al. 2016).
Olive oil is an important oil in food conservation. Because
olive oil is a natural and effective additive, it is the perfect
alternative to meet the consumer demand for fresh and
chemical preservative-free aquaculture products. For the
application of natural additives to aquaculture products,
researchers are developing new nanotechnological preser-
vation methods. In this sense, nanoparticles, nanofibers,
different bioactive material(s)-loaded nano-scale materials,
nanoparticles integrated nanofibers, and nanoemulsions
currently are being used in order to delay the microbio-
logical growth, chemical and physical deterioration in the
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fish fillets and products (Ceylan 2018; Ceylan et al. 2018;
Durmug and Ozogul 2018). The use of nanoemulsions to
improve the shelf life of aquaculture products without
affecting the taste of products is among these new methods.
Since nano-food have ability to improve production, shelf-
life, quality and safety of product, they have generated
policy debates in many countries (Gruere 2011). European
Commission obligated to label nano-food products. The
attitude to regulation, labelling and approval of products of
food nanotechnology varies from country to country. There
is also need for regulatory guidelines in relation to potential
use of nanotechnology in food science.

Nanoemulsions are heterogeneous emulsions where
droplets of a liquid are distributed in another, non-mixable
liquid. Nanoemulsions limit microorganisms’ access to
water with their water-binding property (Al-Adham et al.
2000) and thus have a suppressive effect on bacteria
(Bortoleto et al. 1998), fungi (Hamouda et al. 1999) and
viruses. Many studies show that nanoemulsions are suit-
able for use in food products as preservatives (Al-Adham
et al. 2000; Durmug and Ozogul 2018).

While there are studies on the effect of nanoemulsions
on improving the shelf life of seafood products (Joe et al.
2012; Ozogul et al. 2016, 2017; Durmug and Ozogul 2018),
no information available on the use of nanoemulsion based
on different concentrations of olive oil for rainbow trout.
For this reason, this study was conducted to investigate the
effect of nanoemulsions prepared with different levels of
olive oil on the quality of trout fillets stored at 4 + 2 °C.

Materials and methods
Nanoemulsion preparation

Nanoemulsion preparation was carried out using the
method stated by Joe et al. (2012) with minor modifica-
tions. In the study, to create an oil phase in the oil
nanoemulsion in water; 15% (O15), 30% (030) and 45%
(045) commercial vegetable oil (olive oil), 3% ethanol and
3% surfactant-Tween 80, (GRAS = considered safe-harm-
less in general) were used. These oil phase components
were mixed and kept in the oven at 86 °C for 1 h. The
mixture was removed from the oven and cooled to room
temperature, and then sterilized pure water was added to
the cooled mixture. The mixture was then placed in an ice-
filled beaker and homogenized for 15 min in an ultrasonic
homogenizator (Optic Ivymen System CY-500, Barcelona,
Spain) for 15 min at 72 AMPL. Thermodynamic stability,
nanoemulsion droplet size, viscosity and surface tension of
the nanoemulsions were determined. The average particle
size of droplets in the emulsions was measured using a
Mastersizer 2000 (Malvern, UK) based on laser diffraction.
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Viscosity was measured using by a rheometer (TA
Instruments ARES Rheometer). Thermodynamic stability
was determined according to Shafiq et al. (2007). Surface
tension was measured by gonyometer (Attension Theta,
Biolin Scientific, Espoo, Finland).

Sample preparation

Rainbow trout (Oncorhynchus mykiss), an economically
valuable and widely cultivated species, was used in this
study. The fish were purchased from a local fish farm in the
Camliyayla district of Mersin, Turkey. Immediately after
harvesting, the fish were transported to Department of
Seafood Processing Technology Laboratories at Faculty of
Fisheries, Cukurova University without breaking the cold
chain in ice filled Styrofoam containers. Average length
and weight of the fish were 29.01 &+ 1.35 cm and
312.17 £ 19.87 g respectively. They were immediately
gutted, filleted with skin on, and divided into 5 lots. A total
of 405 fish were used for this work. Each fillet was
approximately 75-80 g. One lot (162 fillets; the reference
samples) was stored on plates (2 fillets per plate) wrapped
with permeable stretch film (Prima Gida Iht. Mad.
Ambalaj. San, Mersin, Turkey). Other lots were treated
with nanoemulsion through immersion. Fillets were kept in
the nanoemulsion for 4 min. After that, they were put in a
plate (2 fillets for each plate) and wrapped with stretch
film. For each analysis day, 3 plates (total 6 fillets) were
randomly selected for each group. All samples were stored
at 4 + 2 °C. Data were obtained from fillets from three
plates (triplicate) treated separately with duplicate mea-
surements of the appropriate sample from each plate
(n = 6). There were 5 groups including the control (C),
tween 80, 15% (O15), 30% (030) and 45% (0O45) in cold
storage. Sensory, chemical and microbiological testing was
done on day 0, 2, 4, 6, 8, 10, 12, 14 and 16 of storage.

Proximate analysis

Protein contents of fish was carried out using the Kjeldahl
method (AOAC 1984). Percent protein was determined by
using a Kjeldahl conversion factor (N x 6.25). Lipid level
was determined according to the method of Bligh and Dyer
(1959). AOAC Method 920.153 (2002) and AOAC Method
950.46 (2002) were applied for the determination of ash
and moisture respectively.

Sensory analysis

Quality Index Method (QIM) scheme improved by Bonilla
et al. (2007) was used for sensory analysis of raw fish. The
scheme contained quality parameters (e.g., skin brightness,
skin mucus, flesh texture, flesh-blood, odour, colour,
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brightness, and gaping). For each of these parameters, the
scheme had 4 simple descriptors, scoring demerit points
from 0 to a maximum of 3, where O represented best
quality and higher scores (e.g., 3) indicated poorer quality.
Ten experienced panellists (who were familiar with sen-
sory assessment) participated in the sensory assessment.
Training session included the objective of the tests and
discussion of the procedures. During training, fresh and
very spoiled fish samples were used as references. A
completely randomised sampling scheme was adopted
using coded samples. Sensory assessment was done on
each test day. Samples were assessed under natural day
light conditions at 24 °C. At each sampling time, three fish
for each group were randomly chosen to evaluate their
sensorial attributes for both raw and cooked. Water was
given between tests to clean palates.

The freshness evaluation of the cooked fish (odour,
taste, texture, general acceptability and colour) was eval-
uated with a hedonic scale (from 9 to < 1). A score of 9
indicate ‘very good’ while < 1 demonstrate ‘very bad’.
Microwave (Model: Siemens HF24G241, Munich, Ger-
many) was used for cooking of fish at 600 W for 2 min.

Chemical analyses

TVB-N (total volatile basic nitrogen) content of fish was
determined by Antonocopoulus (1973) method. The
method is based on the extraction of TVB-N using alkaline
solution and titration of the recovered ammonia using
steam distillation. TBARSs (the thiobarbituric acid reactive
substances) value was carried out by the method of Tar-
ladgis et al. (1960) and expressed TBARs as mg of
malondialdehyde (MA) per kg of fish sample. AOCS
method Ca 5a-40 (1997) was applied for free fatty acid
(FFA) analysis and expressed as the percentage of oleic
acid. FFA determination is based on a titration method with
a standard alkali (0.1 M NaOH) using phenolphthalein as
an indicator. AOCS Method Ja 8-87 (1994) was used for
peroxide value (PV) and expressed in meq of peroxide
oxygen per kg fat. The peroxide value is determined by
measuring the amount of iodine which is formed by the
reaction of peroxides with the iodide ion. The liberated
iodine is titrated with sodium thiosulphate using starch as
an indicator. The pH was measured using a pH meter (3151/
SET, Weilheim, Germany). The sample was homogenised
using an Ultraturrax (T25, Ika-Werke, Staufen, Germany)
in distilled water at a ratio 1:10 (w/v) at its highest setting.

Microbiological analysis
Triplicate samples (one per storage plate) with duplicate

measurements from each group (n = 6) were taken to
estimate mesophilic aerobic bacteria, Enterobacteriaceae

and psychrophilic viable counts from each of the different
treatments. Fish muscle (10 g) was mixed with 90 ml of
sterile Ringer solution (1/4 strength) and then Stomached
(Masticator Nr S18/420, IUL Instruments, Barcelona,
Spain) for 3 min. Further decimal dilutions were made, and
then 0.1 ml of each dilution was pipetted onto the surface
of plate count agar (Fluka 70152, Steinheim, Switzerland)
plates in triplicate. The total viable counts (TVC) for each
experimental group were performed by the spread plate
method (ICMSF 1982). Plates were incubated for 2 days at
30 °C for mesophilic bacteria and 10 days at 10 °C for
psychrophilic bacteria. For total Enterobacteriaceae, violet
red bile agar (VRBA) were used and the pour plate method
was performed (FDA 1998).

Statistical analysis

All experiments were carried out in triplicate and the
results are reported as the mean and standard deviation of
these measurements. A one-way analysis of variance
(ANOVA) was run using the SPSS version 22 software
(SPSS, Chicago, Illinois, USA) and the Duncan’s multiple
range test comparisons at P value of < 0.05 were run to
determine significant differences.

Results and discussion
Properties of nanoemulsions

Physical characteristics of nanoemulsions prepared using
different concentrations of olive oil including thermody-
namic stability, droplet size, surface tension and viscosity
were determined (Table 1). No differences were observed
in thermodynamic stability between the groups of
nanoemulsions but there were significant differences
(P < 0.05) in surface tension. Thermo-dynamic stability of
nanoemulsions prepared from olive oil showed similarity
with the studies of other researcher (Ozogul et al. 2016).
Yazgan et al. (2017) reported that the surface tension of
nanoemulsions based on sunflower oil was 41.53 nm while
the surface tension of nanoemulsions prepared from olive
oil was reported as 30.16 nm (Ozogul et al. 2016). Yazgan
et al. (2017) found different viscosity value for sunflower
based nanoemulsion compared to those of viscosity of
olive oil based nanoemulsion in this study. The lowest
viscosity was observed in O15 group while the highest
viscosity was observed in O45 groups. Statistically sig-
nificant differences with regards to droplet size were
observed between groups of nanoemulsions prepared using
different concentrations of olive oil. The group with the
lowest droplet size was O15, whereas the largest value
belonged to O45. Joe et al. (2012) reported that the droplet
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Table 1 Properties of oil-in-water nanoemulsions prepared from olive oil

Proportions of olive oil Viscosity (Pa s)

Thermo-dynamic stability

Mean droplet size (nm) Surface tension (N m™!)

015 2.13 x 1073 ++
030 3.74 x 1073 ++
045 9.11 x 1073 ++

308.36 & 0.00° 36.19 + 0.81°
416.40 + 0.00° 33.13 + 0.69°
541.43 + 0.00° 35.60 + 0.56°

n: 6. Means sharing the same letter in the same column (a—c) are not significantly different (P > 0.05) using Duncan’s multiple range test.
++Explains good thermodynamic stability; O15, 15% olive oil, O30, 30% olive oil, 045, 45% olive oil

size of nanoemulsions prepared using sunflower seed,
castor, coconut, peanut, sesame and similar commercial
oils vary between 72.52 and 875.22 nm. Ozogul et al.
(2016) found the droplet sizes of nanoemulsions prepared
using sunflower seed, hazelnut, canola, soybean, corn and
olive oils as 212, 185, 299, 250, 250 and 275 nm respec-
tively. The physical characteristics of nanoemulsions pre-
pared in this study were similar or different from previous
studies. These differences are thought to arise from the
types of oils used to prepare nanoemulsions, surfactants
and the differences in the methods used to prepare
nanoemulsions.

Proximate analysis

The average protein, lipid, moisture and ash levels of
rainbow trout fillets were determined to be 18.90, 4.84%,
74.92% and 1.43%, respectively. Many studies reported the
protein, lipid, moisture and ash content of rainbow trout as
17.4-229%, 2.7-16.5%, 63.4-73.4% and 1.0-1.6%
respectively (Gokoglu et al. 2004; Oguzhan et al. 2006;
Fallah et al. 2011). In this study, all parameters aside from
moisture were found to be similar to the other studies.
Nutritional composition of the fish vary with fish species,
gender, age, environmental conditions, fishing season and
region (Ozyurt and Polat 2006; Durmus et al. 2014).

The nutritive value of fish can be affected by storage
conditions, processing and cooking methods. Deterioration
in the quality of fish muscle has frequently occurred during
storage due to changes in lipid and proteins (Sikorski
1980). These changes in fish muscle are of great com-
mercial importance since they determine the storage life of
fish, especially in texture, flavor, and color, which results
from lipid oxidation or protein degradation (Jiang and Lee
1985).

Sensory analyses
Figure la demonstrated the change in sensory character-
istics of raw trout fillets treated with nanoemulsions during

the period of cold storage. Significant differences were
observed between the control and the treatment groups
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with regards to sensory parameters (Fig. 1a). Compared to
the control group, nanoemulsion treatment had a positive
effect on sensory quality of rainbow trout by removing
strong fishy odour during storage period, thus extending the
shelf life of fish. Nanoemulsion treated fillets were pre-
ferred more by the panelists compared to the control group,
and nanoemulsion treatment improved the shelf life of
trout. The shelf life of the trout was determined as 10 days
for the control group, 12 days for the tween 80 group,
14 days for O15 group and 16 days for O30 and O45
groups. Ozogul et al. (2017) determined that shelf lives of
ice stored trout fillets without or with nanoemulsions based
on rosemary, laurel, thyme and sage essential oils were
14 days and 17 days respectively. According to the sensory
evaluation, it was determined that shelf life of nanoemul-
sion groups stored on ice was extended and the fish quality
was preserved during storage.

Raw trout fillets with or without nanoemulsions were
cooked every 2 days during the 16 days storage period and
offered to panellists for sensory (odour, taste and texture)
evaluation (Fig. 1b—d, respectively). Nanoemulsion appli-
cation did not affect the flavor and aroma of the fish neg-
atively. Cooked trout fillets had similar shelf life as raw
ones. Odour scores of trout fillets were observed to
decrease during storage (Fig. 1b). Even though no differ-
ence was observed among nanoemulsion groups, differ-
ences were observed between the treatment groups and the
control. At the end of the storage period, the lowest scores
among nanoemulsion groups were observed in O15 group,
while the highest scores were observed in O30 and 045
groups. During storage, flavor values steadily decreased
across all groups, just like odour values. A faster decrease
in sensory scores was observed in the control group com-
pared to the treatment groups. Among nanoemulsion
groups, the best scores were observed in O30 group. It was
determined that nanoemulsion treatment groups were more
preferable than the control and tween 80 group. Many
researchers reported that nanoemulsion treatment had a
positive sensory effect on fish fillets (Ozogul et al. 2017;
Yazgan et al. 2017; Ozogul et al. 2018).

Fish meat with soft tissue is undoubtedly unaccept-
able for customers, and as such considered a quality loss
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(a) Sensory scores of raw rainbow trout (b) Odour scores of cooked rainbow trout
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Fig. 1 The sensory evaluation of rainbow trout treated with nanoemulsions. The values are expressed as mean + standard deviation, n = 6

for fish processing plants (Cheng et al. 2014). In this study,
decreases in texture scores were observed (Fig. 1d), as
observed in odour and flavor scores. It was determined that
the texture score of the control group is lower than all other
groups until the last day of storage. Throughout the storage
period, nanoemulsion treatment groups were preferred by
panelists and received higher scores for taste, smell and
texture compared to the control. Nanoemulsion treatment
had a positive effect on the taste, odour and texture of trout.

Chemical analyses

The increase in TVB-N amount is caused by the activation
of spoiling bacteria and endogenous enzymes (Ozogul et al.
2004). It is well known that nanoemulsions are self-pre-
serving antimicrobials since they have ability to bound the
water found in their structure, thus restricting access to the
water by microorganisms (Al-Adham et al. 2000). At the
beginning of storage, the TVB-N values were 14.85 mg/
100 g for tween 80 and 15.87 mg/100 g for the control
(Table 2). Over the storage period, fluctuations were

observed in TVB-N values. Rehbein and Oehlenschlager
(1982) reported that TVB-N value increased over the
storage period. However, studies performed on different
fish species showed that TVB-N values can vary with
species as well (Rehbein and Oehlenschlager 1982). At the
end of storage, the lowest TVB-N value was determined in
045 treatment group with 17.01 mg/100 g, while the
highest value was obtained from the control group
(25.05 mg/100 g). Recommended TVB-N value for fish
meat at the end of storage is under 35 mg/100 g (ECC
1995). In this study, all groups were found to remain under
35 mg/100 g value. It was found that nanoemulsion treat-
ment delayed TVB-N formation compared to the control
group. In other studies, Joe et al. (2012) studied the effects
of sunflower seed oil nanoemulsions on the shelf life and
quality of mackerel, and determined that TVB-N values
were lower compared to the control group.

It has also been reported that application of nanoemul-
sion based on oils reduced lipid oxidation parameters of
fish (Yazgan et al. 2017; Shadman et al. 2017; Ozogul et al.
2017). Hydroperoxides, measured by peroxide value (PV),
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Table 2 The changes in pH,
TVB-N, PV, TBARs and FFA
contents of rainbow trout fillets
during storage (n = 3)

@ Springer

Storage days  Control Tween 80 Ol15 030 045

pH values

0 6.71 £ 0.01* 6.60 + 0.05° 6.59 £ 0.05*  6.52 + 0.04° 6.57 £ 0.05*
2 6.71 £+ 0.01* 6.57 £ 0.01* 661 + 0.04° 6.54 & 0.01° 6.59 & 0.02°
4 6.65 & 0.03" 6.53 & 0.02° 6.48 & 0.02¢ 6.48 & 0.02¢ 6.50 & 0.01¢
6 6.45 + 0.02° 6.53 + 0.02° 6.53 + 0.02° 6.53 + 0.01° 6.61 £ 0.01°
8 6.64 + 0.03° 6.72 + 0.03° 6.62 £ 0.03>  6.60 + 0.01° 6.60 + 0.00°
10 6.73 + 0.03° 6.76 + 0.02° 6.68 + 0.01° 6.67 + 0.01° 6.57 + 0.01¢
12 6.64 + 0.05° 6.62 + 0.01™° 658 + 0.03*  6.57 &+ 0.04° 6.48 + 0.02¢
14 6.57 + 0.02° 6.55 + 0.03" 6.35 £ 0.01° 6.34 + 0.01° 6.28 + 0.01¢
16 6.63 £ 0.03" 6.55 & 0.04° 6.51 &+ 0.01° 6.49 £ 0.01° 6.50 & 0.01°
TVB-N content

0 1587 £ 1.17* 1485+ 0.10° 1530 + 0.13*  15.61 £ 0.61*  15.65 & 0.43"
2 16.40 + 049*  16.15 £ 0.65*  16.32 £ 0.63*  15.01 + 0.60°  15.07 + 0.53*
4 16.44 + 049*  13.92 +0.07° 13.87 £0.10° 14.16 £ 0.59>  14.28 + 0.46"
6 17.24 +0.08* 1557 £ 040° 1525 £ 021> 1424 £ 0.57° 1529 + 0.04°
8 19.02 + 0.68* 1677 = 1.03° 1432 £ 0.51° 1326 + 0.05°  12.88 & 0.52°
10 19.84 4+ 049* 1576 £ 0.43° 1447 £ 0.02°  14.17 £ 0.40°  13.88 & 0.03°
12 2595 + 0.08° 2343 £0.77° 1694 + 026°  16.69 + 0.06°  16.26 + 0.46°
14 20.53 &+ 0.53*  16.31 £ 045"  15.68 + 0.52°  16.08 + 0.98°  16.02 & 1.03"
16 25.05 + 0.17°  24.05 £ 056  19.94 &+ 0.61° 17.79 £ 0.51°  17.01 £ 0.32°
PV values

0 3.10 + 0.43° 3.11 + 0.29° 236 +0.17° 2.63 £ 022 245 4 0.13%
2 411 £ 038°  5.62 + 0.03° 442 £ 023" 336 +0.31° 4.88 + 1.14™
4 432 £ 051° 5.04 + 0.40° 3.06 + 0.08" 4.98 + 0.86° 276 +0.12°
6 468 £0.16 490 + 043%™  3.42 4 0.60° 531 + 0.85° 4.46 + 0.68%
8 11.80 + 0.12° 487 4+ 0.51° 439 4+ 046>  3.69 + 0.04° 3.73 £ 0.34°
10 6.32 & 0.44° 8.53 + 0.67% 479 + 0.10° 5.09 & 0.02¢ 436 + 0.38°
12 6.39 + 0.61° 6.13 + 0.62° 3.67 + 0.42° 459 + 0.62° 3.83 + 0.10°
14 6.57 + 0.58° 7.13 + 0.39° 6.40 + 0.59° 427 £0.15°  4.06 + 1.14°
16 16.15 + 0.79° 521 +0.71° 2.84 + 1.12° 3.86 + 041"  2.11 4 0.04°
TBARs content

0 0.33 £ 0.01¢ 0.36 + 0.02° 0.38 + 0.01° 0.38 + 0.02° 0.35 + 0.02°
2 0.34 & 0.03° 0.43 & 0.04° 0.47 &+ 0.02° 0.55 + 0.05° 0.52 + 0.01*
4 0.44 4 0.04° 0.55 &+ 0.01° 0.42 £ 0.00° 0.45 + 0.02¢ 0.60 & 0.06*
6 0.43 + 0.04° 0.61 + 0.04° 0.61 £ 0.05° 0.61 + 0.02° 0.70 + 0.06*
8 0.81 £ 0.10° 1.16 £+ 0.02° 0.80 + 0.15° 0.63 + 0.03¢ 1.03 + 0.14°
10 1.37 £ 0.06° 1.47 £ 0.04° 1.08 + 0.06¢ 1.14 + 0.13¢ 1.27 + 0.05¢
12 1.50 + 0.02° 1.60 + 0.03° 1.48 + 0.01° 1.30 + 0.03¢ 1.49 + 0.01°
14 224 +0.14° 1.90 + 0.06° 2.04 £0.10° 208 £ 0.19°°  2.11 + 0.15%
16 2.56 + 0.10° 237 £+ 0.02° 2.15 + 0.05¢ 2.06 + 0.12¢ 1.90 &+ 0.01°
FFA content

0 246 + 0.45° 3.20 £ 0.15° 1.83 £+ 0.03° 2.29 + 0.23° 220 + 0.21°
2 447 £ 046 342 +0.07° 3.55 + 0.30° 4.80 + 0.19° 4.52 + 0.35
4 2.93 + 0.64° 342 + 0.35° 3.33 4+ 0.39° 3.04 + 0.43° 2.83 + 0.28°
6 349 + 0.66™  3.66 &+ 0.36" 2.27 + 0.03¢ 257 £ 0.06™  3.18 &+ 0.29%
8 3.63 £ 0.10°  3.87 &+ 0.38" 3.88 + 0.09* 347 £ 030"  3.08 + 0.27°
10 470 £ 022 539 + 0.36° 4.11 £ 0.06° 271 £ 0.52¢ 2.61 + 0.35¢
12 424 £ 017 353 +£0.51° 3.81 £ 0.14%  3.54 4+ 0.43° 4.51 £ 0.20°
14 420 + 0.49° 422 + 0.10° 3.62 +£ 040 3.12 4 0.34° 3.75 + 0.19%
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Table 2 continued

Storage days  Control

Tween 80 015 030 045

16 6.06 £+ 0.35"

2.88 + 0.08°

3.96 + 0.18° 2.95 + 0.40° 2.81 £+ 0.28°

Values represent mean &+ SD of 3 replicates in duplicate. Means sharing the same letter in the same column
(a—d) are not significantly different (P < 0.05) using Duncan’s multiple range test

form as a result of the oxidation of fats. At the beginning of
storage, PV value of rainbow trout fillets was found in the
range of 2.36 and 3.11 meq O, kg~'. Over the storage
period, the PV values of trout fillets treated with olive oil
nanoemulsion were found to be lower than those of the
control and tween 80 groups. At the end of the storage
period, the control group had the highest PV value with
16.15 meq O, kg~', while the lowest value was observed
in 045 nanoemulsion group with 2.11 meq O, kg™'
(Table 2). This could be attributed to effects of
nanoemulsion on prevention of lipid oxidation. Some
studies suggest that fish meat becomes bitter at
10-20 meq O, kg™~ ' peroxide level (Bonnell 1994). In a
very good material, the peroxide value is under
4 meq O, kg™, and in a good material it should not
exceed 10 meq O, kg™'; threshold value for consumption
is reported as 20 meq O, kg~' (Ozogul et al. 2006). In this
study, it was determined that PV value did not exceed the
limit value for consumption in all groups. Similar results
were observed in previous studies (Ozogul et al. 2016;
Yazgan et al. 2017).

At the beginning of storage, TBARs value of rainbow
trout fillets was found to be in the range of 0.33 and
0.38 mg MA kg~' (Table 2). Overall, an increase in the
TBARs value of all groups was observed during the storage
period. The control group reached the highest TBARs
value on day 16 of storage with 2.56 mg MA kg~'. Sta-
tistically significant differences in TBARs values were
observed between groups during the storage period
(P < 0.05). At the end of the storage period, the TBARs
values of nanoemulsion treatment groups were found to be
lower than those of the control and tween 80 groups. This
could be due to the prevention effects of nanoemulsion on
lipid oxidation. The oxidation level in fish meat varies
depending on species, fat content, other chemical charac-
teristics, the processing technology used and storage con-
ditions. Auto-oxidative decay of fats cause observed
changes in important parameters for food quality such as
color, smell, taste, texture and nutritional values (Fernan-
dez et al. 1997). It was reported that TBARs should be
below 3 mg MA kg™ ' in a very good material and not
more than 5 mg MA kg™' in a good material, while the
consumption threshold is between 7 and 8 mg MA kg™ !

(Varlik et al. 1993). In this study TBARs values are within
consumption threshold values.

As free fatty acid content of fish meat increases over
storage, it is known that there is a relationship between free
fatty acid amount and loss of freshness in fish (Ozogul et al.
2005). On day O of storage, FFA value was found to be
between 1.83 and 3.20%. Over the storage period,
nanoemulsion groups demonstrated lower FFA values
compared to the control group. On the last day of storage,
the control group was found to have the highest value
(6.06%) while the lowest level was obtained from 045
group (2.81%). Ozogul et al. (2017) reported initial FFA
value in trout fillets stored on ice as 4.92%. Even though
the FFA value fluctuated in all groups, nanoemulsions
groups had lower FFA values than those of control.
However, Rezaei and Hosseini (2008) reported that the
initial FFA value for rainbow trout was 1.50% and reached
2.89% at the end of the 20 days storage period. In this
study, it was determined that olive oil based nanoemulsion
caused FFA values to decrease in rainbow trout fillets
treated with nanoemulsions compared to the control group.
This could have resulted from prevention effects of
nanoemulsion on of lipid hydrolysis.

In the current study, the lowest pH value was observed
in O30 treatment group (6.52) while the highest pH value
was observed in the control group (6.71). Statistically
significant differences were observed in pH values between
the control group and the treatment groups during the
storage period (P < 0.05). Giilyavuz and Unliisayin (1999)
stated that in processed aquaculture products, a pH value at
and over 7 is considered spoiled. Ozyurt et al. (2007)
indicated that depending on storage temperature, pH values
over 7.1 showed a state of spoilage in fish. Based on the
results obtained from this study, the pH values were lower
than these values. In fish, the breakup of nitrogen com-
pounds creates volatile compounds, which causes an
increase of the pH value. Olive oil based nanoemulsion
groups were determined to have lower pH values than
those of the control group. This is attributed to the result of
use of nanoemulsions having a negative effect on
microorganism growth and thus delaying the creation of
volatile compounds.
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Microbiological analyses

Changes in microbiological quality of trout fillets with or
without nanoemulsions during the 16 days storage period
are shown in Fig. 2. At the beginning, the highest aerobic
mesophilic bacteria count was observed in the control
group with 2.85 log cfu g~ ' whereas the lowest value was
observed in the tween 80 group (2.15 log cfu g™ '). In the
studies with trout, the initial mesophilic bacteria counts
ranging between 3 and 4 log cfu g~' were reported (Ozo-
gul et al. 2017). During the storage period, the total
mesophilic bacteria count (TMBC) in all groups increased.
ICMSF (1986) stated that the acceptable TMBC is
7-8 log cfu g~ '. In this case, the control group exceeded
the acceptable microbial threshold on day 10 of storage
(7.02 log cfu g~') while tween 80 treatment group went
over the threshold on day 14 of storage (7.72 log cfu g ").
Among the nanoemulsion groups, O15 gave higher value
(7.50 log cfu g~ ') than the acceptable threshold value on
the last day of storage day 16 while O30 and O45 treatment
groups did not exceed the threshold value during the
storage period (6.11 log cfu g=' and 6.69 log cfu g~
respectively). Overall, the TMBC values of nanoemulsion
treatment groups were found to be lower than both the

(a) Total mesophilic bacteria
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control and tween 80 treatment groups. This showed that
nanoemulsion inhibited bacterial growth.

The initial Enterobacteriaceae count for all groups was
found to be in the range of 1.00-1.15 log cfu g~ (Fig. 2).
Ozogul et al. (2017) reported the initial Enterobacteriaceae
count for trout as 2.27 log cfu g~'. Even though an
increase was observed in all groups during storage, the
fastest and highest increase were observed in the control
and tween 80 treatment groups. Among nanoemulsion
groups, the lowest Enterobacteriaceae count was observed
in 045 group. This showed that higher olive oil concen-
tration had a higher inhibitor effect on the Enterobacteri-
aceae group. As the total Enterobacteriaceae count
recommended for food is 5 log cfu g™', the control group
exceeded the threshold on day 10 of storage
(5.66 log cfu g='), tween 80 group on day 12
(6.41 log cfu g™ "), and all olive oil treatment groups on the
last day of storage (015 with 7.28 log cfu g~', O30 with
5.65 log cfu g~', 045 with 5.64 log cfu g7'). Ozogul
et al. (2017) reported that at the point the trout treated with
nanoemulsions were rejected by panelists, the total Enter-
obacteriaceae count was 5.81 log cfu g~' for the control
group on day 14, and in the range of 5.09-5.32 for thyme,
rosemary, bay leaf and sage groups. Similarly, Ozogul
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Fig. 2 Microbiological changes of rainbow trout treated with nanoemulsions. The values are expressed as mean + standard deviation, n = 6
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et al. (2016) and Yazgan et al. (2017) reported similar
results for sea bass and bream.

At the beginning of storage, the total psychrophilic
bacteria counts (TPBC) for the control and tween 80
treatment groups were observed as 2.15 log cfu g~ ' and
2.08 log cfu g~ respectively, while on the initial and day
2 of storage no aerobic psychrophilic bacteria were found
on the trout fillets treated with nanoemulsions. Rezaei et al.
(2007) reported the initial TPBC of trout as 2.3 log cfu g~ '
and their final TPBC count at the end of storage as
6.1 log cfu g~'. In all groups, TPBC counts reached sim-
ilar levels on day 6 of storage, and then a linear increase
was observed for the rest of storage period. From day 10 of
storage, the control group reached higher TPBC levels than
all other groups. ICMSF (1986) acceptable threshold value
of 7 log cfu g~ was exceeded by the control group on day
12 of storage (7.51 log cfu g~"), by tween 80 and O15 on
day 14 (7.821log cfu g=' and 7.40 log cfu g=' respec-
tively), and by O30 and O45 groups on the last day of
storage (7.51 log cfu g=' and 7.39 log cfu g~' respec-
tively). Among nanoemulsion groups, it was determined
that higher concentrations of olive oil were more effective
on TPBC. Ozogul et al. (2017) reported that TPBC were
6.91 log cfu g~' for the control group on day 14,
7 log cfu g=' for the thyme oil based nanoemulsion,
7.18 log cfu g~ for rosemary, 7.16 log cfu g~' for laurel
and 7.58 log cfu g~' for sage on day 17.

Conclusion

This study showed that the quality of trout fillets can be
better preserved using nanoemulsions based on olive oil.
From a sensory perspective, it was determined that
nanoemulsions suppressed fishy odour during the storage
period. Thus, the use of nanoemulsions extended the shelf
life of fish by 6 days, and the chemical and microbial
parameters were observed to be lower than those of the
control during the storage period. It was concluded that
olive oil at the concentration of 30% and 45 can be used in
formation of nanoemulsions as a preservative for fish.
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