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1 Introduction
Fish is low in carbohydrates in addition to being a very 

ideal food in terms of amino acids, fatty acids, minerals and 
vitamins it contains. The transformation of fish into products 
such as meatballs, patties, burger and sausages is increasing due 
to its stringy structure and unique smell (Kolekar et al., 2012; 
Kolekar & Pagarkar, 2013; Özpolat et al., 2014).

Smoking is one of the oldest food preservation methods. 
While the purpose of this technology was to make the product 
durable, today it is aimed to improve the sensory properties of 
the product by using the flavor and color of the smoke. The use 
of traditional smoking methods, or recently liquid smoking, 
have proven that this means of preservation still being vastly 
practiced in community as well as in food industry. Liquid 
smoking in preserving protein-based foods, namely meat, fish, and 
cheese, has been increasingly utilized, owing to pleasant flavour 
and inhibitory effects on pathogens. Liquid smoke has several 
advantages compared to traditional smoking techniques in terms 
of easiness of application, speed, uniformity of the product, good 
reproducibility of desired characteristics obtained in the final smoked 
food, lower cost, environmental friendliness and easier control of 
smoke contaminants like polycyclic aromatic hydrocarbons, and 
carcinogenic and mutagenic molecules produced during pyrolysis 
of wood (Hattula et al., 2001; Soldera et al., 2008; Zuraida et al., 
2011; Özpolat & Patir, 2016; Keryanti et al., 2020).

The aim of this study was to investigate the microbiological, 
chemical and organoleptic characteristics in fish ball produced 

from fillets of Capoeta trutta with liquid smoke and effect of 
different packaging (air and vacuum) on the shelf life during 
storage at 4 ± 1 °C. As a result of the study, we aim to increase 
the economical use of the specie and promote liquid smoke 
implementation to the benefit of fish ball production.

2 Materials and methods
2.1 Fish meat and ingredients

The fish (Capoeta trutta), were obtained from a local 
market and fish were transported on ice to the Firat University 
Laboratories. For each repetition, approximately 5-6 kg of fish was 
used, and each fish weighed approximately 350-400 g. The fish 
were cut, gutted, skinned and filleted. Fish fillets were minced 
with a mechanical mincer (hole size: 3 mm in diameter). Parsley, 
onions, salt, cumin, black pepper, bread were purchased from 
local markets in Elazig, Turkey. Commercial liquid smoke (oak 
wood-based smoke) was bought from a food trade company 
(Zesti Eurosmoke, Istanbul, Turkey). Formulation of fish balls 
was shown in Table 1.

2.2 Preparation of fish balls

The formula used for the production of fish balls was 
given in Table 1. Fish ball batter was obtained by mixing until 
homogeneous all the ingredients. After that, batter divided 
into three groups. The first group was not added liquid smoke. 
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Liquid smoke was added at 0.4% and 0.2% of the batter weight 
and the batter was mixed for the last time so the second and 
third groups were created. The mixtures were then shaped into 
fish ball weighing 20 g each. Each group was divided into two 
and packed with vacuum packing and non-vacuum packing 
(high barrier nylon polyethylene bags, Henkelman, Boxer 42). 
Preparation of samples is shown in Figure 1. Packaged samples 
were stored at 4 ± 1 °C. Microbiological, chemical, and sensory 
analysis was conducted following 0, 7, 14, 21, 28 and 35 days of 
storage. The study was composed of three replicates.

2.3 Microbiological analysis

Samples were taken from fish balls in accordance with the 
microbiological analysis method. Then, necessary dilutions (10–1 - 
10-8) were prepared and microbiological analyzes were made as 

indicated in Table 2. All microbiological tests were carried out in 
duplicate, and the results were expressed as the logarithm of colony 
forming units per gram (CFU/g) (Oxoid, 1982; Halkman, 2005).

2.4 Chemical analysis

Chemically, thiobarbituric acid (TBA) and total volatile 
basic nitrogen (TVB-N) value of the samples were determined. 
TVB-N content was determined according to the method of 
Antonocopoulus (1973). TBA was determined according to 
Tarladgis et al. (1960).

2.5 Sensory analysis

Five experienced panelists (3 male and 2 female, aged 
25-45 years) from Firat University, who were familiar with the 
sensory assessment of seafood products, evaluated the sensory 
quality. Sensory analysis was performed using the methods of 
Kurtcan & Gonul (1987). To conduct sensory analyses, fried fish 
balls were evaluated with respect to their colour, odour, flavour, 
appearance, texture, and general acceptability. The fish balls 
were fried (3 min) separately in small amounts of vegetable oil 
until they turned brown before being presented to the panellists. 
After frying, they were cooled room temperature and samples 
were served to the panellists who were asked to evaluate on a 
5-point hedonic scale ranging from very poor (1) to very good 
(5) where: 1 – very poor, 2 – poor, 3 – normal, 4 – good, and 
5 – very good (Kurtcan & Gonul, 1987).

Figure 1. Applicatin of liquid smoke and packaging process.

Table 1. Formulation of fish balls.

Ingredients %
Fish Meat 82.5

Parsley 5
Onions 5

Bread (crumb) 5
Cumin 0.5

Black Pepper 0.5
Salt 1,5

Table 2. Broth and incubation times for microbiological analysis (Oxoid, 1982; Halkman, 2005).

Mikroorganism Broth
Incubation

°C Time
Mezophilic aerob bacteria Plate count agar (PCA) 30 72 h

Coliform Violet red bile agar (VRBA) 35 24 h
Yast-Mold Potato Dextrose (PDA) agar,

10% tartaric acid additive
21 5 days

Staphylococcus aureus Baird-Parker agar 37 24 h
Escherichia coli Chromocult TBX agar 44

30
24 h (Than)

4 h
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2.6 Statistical analysis

All analytical determinations were on days 0, 7, 14, 21, 28 and 
35. Experiments were replicated twice on different occasions with 
different fish samples. Each sample was analyzed three times 
and the mean was calculated. Data were subjected to analysis 
of variance. The Tukey’s honest significant difference procedure 
was used to test for differences between means (P < 0.05) using 
SAS 6.1 (SAS Institute, 1999).

3 Results and discussion
In all experimental fish ball samples, the initial total 

mesophilic aerobic bacteria count (TMAE) was determined 
as 4.03 ± 0.12 log cfu/g. The total mesophilic aerobic bacteria 
analysis results obtained in the study are given in Figure  2. 
With the storage period, this number started to increase in all 
groups. According to the Turkish Food Codex Microbiological 
Criteria Communique (2009), the total number of mesophilic 
aerobic bacteria in all food stuffs is an acceptable limit value 
of 106 cfu/g. TAMB exceeded the value of 7 log cfu/g, which is 
considered as the upper acceptability limit for fresh water and 
marine species (International Commission on Microbiological 
Specifications for Foods, 1986). Accordingly, when the results 
were evaluated, it was seen that this limit was exceeded on the 
14th day in the non-vacuum packed groups (B, D and F), while 
this limit was exceeded on the 35th day in the vacuum packed 
groups (A, C and E). It has also been determined in various 
studies that vacuum packaging has a positive effect on the total 
number of aerobic bacteria in products (Sachindra et al., 2005; 
Cicek et al., 2013; Özpolat et al., 2014).

Data of coliform group bacteria are given in Figure  3. 
Coliform bacteria cannot be found in fish under hygienic 
conditions. The presence of this group of bacteria indicates 
that any fecal contamination may occur. According to relevant 
literature (Jay, 1996; Al-Bulushi et al., 2005), the number of 
coliforms accepted as an indicator of fecal contamination in 
fish is at most 2.0 x 102 cfu/g; 2.5 x 102 cfu/g; or 1.6 x 103 cfu/g. 
In the study, the value of 2.79 cfu/g at the beginning of the 
storage increased over time and it was determined that this 
increase was statistically significant after the 7th day among 
packaging types (p < 0.05) and the smoke did not have a 
statistically different effect on the coliform bacteria. Differences 

in microbial load in fish-derived products in studies; can be 
attributed to the difference in the type of fish from which the 
product is made, the other additives used, and the shape of 
the storage. Packaging techniques are effective on microbial 
growth of food products (Kilinc & Cakli, 2001).

Yeast-mold values of the experimentally prepared fish ball 
samples are given in Figure 4. According to these data, while 
there was no statistically significant difference between all groups 
at the beginning of the storage period, it was observed that 
significant differences emerged between the packaging types 
from the 7th day of the storage (p < 0.05). Yeast and molds are 
not found in the normal flora of fish. These are generally of soil 
origin and the fish are contaminated when they are caught, from 
the water or from the tools and materials used after hunting 
(Goktan, 1990). In the study, the yeast-mold value, which was 
1.79 log cfu/g at the beginning of storage, gradually increased in 
all groups and became noticeable on the surface of the product 
on the last day of storage (21th day) in groups packed without 
vacuum. In vacuum-packed meatball samples, they exceeded 
4 log cfu/g on the last day of storage. According to relevant 
studys (Sachindra et al., 2005; Özpolat et al., 2014); vacuum 
packaging has negative effects on the development of yeast 
and molds. It has been reported that liquid incense is effective 
on yeast molds (Faisal et al., 2019). When analyzed in terms of 
liquid smoke, it was observed that microbiological development 

Figure 2. Changes in the counts of (log10 CFU/g) mesophilic aerob 
bacteria of fish (Capoeta trutta) balls with different concentration of 
liquid smoke addition during storage at 4 ± 1 °C.

Figure 3. Changes in the counts of (log10 CFU/g) coliform bacteria of 
fish (Capoeta trutta) balls with different concentration of liquid smoke 
addition during storage at 4 ± 1 °C.

Figure 4. Changes in the counts of (log10 CFU/g) yeast-mold of fish 
(Capoeta trutta) balls with different concentration of liquid smoke 
addition during storage at 4 ± 1 °C.
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in liquid smoked groups was lower than in non-smoked groups, 
but this difference is statistically significant has not been found.

S. aureus is a significant cause of food-borne disease. S. aureus 
can cause contamination of food products during food preparation 
and processing. S. aureus is one of the microorganisms known 
as the indicator of hygiene (Kadariya et al., 2014). According to 
the Turkish Food Codex Microbiological Criteria Communique 
(2009), the maximum acceptable concentration of S. aureus is 
103 cfu/g. S. aureus did not exceed this limit during the study. 
The changes in the concentration of S. aureus during storage of 
samples were not significant. Therefore, the S. aureus (results 
not shown) were low in all samples.

E. coli naturally form part of the normal flora in the gut 
of humans and other animals. E. coli can cause severe illness 
(Yang et al., 2017). Therefore, E. coli must not be evident in any 
food and was not detected in this study.

Total volatile basic nitrogen (TVB-N) is often used as a 
biomarker of protein and amine degradation. TVB-N increases 
with storage and is aligned with other biomarkers of spoilage 
There are different recommendations of TVB-N limits for fish 
freshness (Bekhit  et  al., 2021). According to researchers the 
the acceptable TVB-N level is 35-40 mg N/100 g (Huss, 1995), 
32-36 mg N/100 g (Varlik  et  al., 1993) and 35 mg N/100 g 
(Pastoriza et al., 1996). When TVB-N values were examined, 
it was determined that it increased during storage in all groups 
and this increase was statistically significant (p < 0.05). TVB-N 
value was determined as 8.32 ± 0.21 mg/100 g in all groups at 
the beginning of the storage period. It was determined as 33.7 ± 
0.02 mg/100 g in group B and 35.1 ± 0.07 mg/100 g in group D 
and 34.2 ± 0.41 mg/100 g in group F on the 14th day in fish ball 
samples packed without vacuum. In vacuum packed samples 
(A, C and F), however, the value of 33 mg/100 g was exceeded 
on the 35th day of storage (Figure 5).

TBA is a commonly used parameter to determine the level 
of lipid oxidation (Yu et al., 2002). Acceptable limit value of TBA 
content is between 7-8 mg MDA/kg (Sinnuber & Yu, 1958). In this 
study; TBA value, which was around 3 mg MDA/kg in all fish 
ball samples at the beginning, increased with the storage time 
(p < 0.05), but it did not exceed the consumable limit value in 
any group (Figure 6). In many studies (Oksuztepe et al., 2010; 
Dikici et al., 2021), it has been observed that the TBA value 
does not exceed the limit value at the end of the storage period. 
The fact that the fish used as the material is freshwater fish and 
the low oil rate is among the reasons for this situation.

Data on sensory evaluation (The overall acceptability 
calculated was made up of: texture 40% and taste, odour, colour 
and appearance each at 15% (Dondero et al., 2004) are given 
in Figure 7. It was observed that the addition of liquid smoke 
increased the appreciation of the product, but it was found that 
there was no statistically significant effect on the storage time of 
the product (p > 0.05). It has been stated in some studies that 
liquid smoke application has positive effects on fish products 
(Alcicek, 2011; Zuraida  et  al., 2011; Özpolat, 2012; Faisal & 
Gani, 2018). In liquid smoke applications, concentration and 
duration are very effective on sensory taste (Faisal et al., 2019; 
Leviyani et al., 2019). For example, in a study on mackerel it 

was reported that the best results were 3% and 42 h (Faisal et al., 
2019). Samples that were not vacuum packed (B, D and F) showed 
sensory deterioration on the 14st day of storage, and those that 
were vacuum packed groups (A, C and E) on the 35nd day of 
storage, so they were not evaluated on this day. It has been 
determined that the shelf life of fish balls was extended by an 
average of two weeks with vacuum packaging. It has also been 
emphasized in some studies (Özpolat et al., 2014; Çoban et al., 
2016) that vacuum packaging preserves the sensory properties 
of foods during storage.

4 Conclusion
According to the results obtained in the study, it was 

determined that Capoeta trutta can be evaluated as meatballs 

Figure 5. Changes in the TVB-N of fish (Capoeta trutta) balls with 
different concentration of liquid smoke addition during storage at 4 ± 1 °C.

Figure 6. Changes in the TBA of fish (Capoeta trutta) balls with different 
concentration of liquid smoke addition during storage at 4 ± 1 °C.

Figure 7. Changes in the sensory assessment of fish (Capoeta trutta) 
balls with different concentration of liquid smoke addition during 
storage at 4 ± 1 °C.
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and sensory evaluation was increased by adding liquid smoke. 
It has been determined that vacuum packaging has positive 
effects on the sensory, chemical and organoleptic properties of 
the product, thus extending the shelf life.
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