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ÖZET 

Bu çalışmanın amacı, meyve kabuklarının (portakal ve limon) ekstrakt 

olarak değerlendirerek antimikrobiyal özelliklere sahip yenilebilir 

filmler üretmek ve gökkuşağı alabalığı filetoları ile kalamar 

halkalarında raf ömrüne etkisinin belirlenmesidir. Bu amaçla ksantan, 

keçiboynuzu ve karagenan kullanılarak portakal ve limon kabuğu 

ekstraktlarından antimikrobiyal film üretimi gerçekleştirilmiştir. 

Gökkuşağı alabalığı filetoları (Oncorhynchus mykiss 1792) ve kalamar 

halkaları (Loligo vulgaris 1798), bu ürünlerin raf ömrünü uzatmak 

amacıyla meyve kabuklarından üretilen antimikrobiyal yenilebilir 

filmlerle kaplanmıştır. Sonuç olarak, kalamar halkalarının (CS) toplam 

mezofilik bakteri sayısı (TMC), 6. günde mikrobiyolojik tüketim sınırını 

aşarken, limon kabuğu+keçiboynuzu (LLS) ve limon kabuğu+karagenan 

(LKS) ile kaplı kalamar halkalarının TMC sayısının 8. günde bile bu 

sınırı aşmadığı belirlenmiştir. Bu çalışma, sadece balıkçılık 

ürünlerinden fonksiyonel ürünlerin üretilebilmesine değil, aynı 

zamanda meyve kabuklarının da bu amaçla değerlendirilebilmesine 

neden olmuştur. Bu çalışmanın sonuçları, su ürünleri ve meyve suyu 

işleme tesislerinin yanı sıra gıda üreticileri tarafından da 

değerlendirilebilir.  
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The Impact of Edible Film Coatings With Lemon and Orange Peel Extracts on Microbiological Quality 

and Shelf-Life of Squid (Loligo vulgaris) Rings and Rainbow Trout (Oncorhynchus mykiss) Fillets  
 

ABSTRACT  

The aim of this study is to produce edible films with antimicrobial 

properties by using the discarded fruit peels (orange and lemon) as 

extracts and to determine the effect on shelf life of rainbow trout fillets 

and squid rings. For this purpose, antimicrobial edible films were 

performed the orange and lemon peels extracts by using xanthan, locust 

bean and carrageenan gums. Rainbow trout fillets (Oncorhynchus 
mykiss 1792) and squid rings (Loligo vulgaris 1798) were covered with 

this antimicrobial edible films from discarded fruit peels to extend the 

shelf-life of these products. As a result, total mesophilic bacteria count 

(TMC) of squid rings (CS) exceeded the microbiological limit of the 

consumption on day 6, whereas TMC of squid rings covered with limon 

peel+locust bean (LLS) and limon peel+carrageenan (LKS) did not 

exceed this limit on day 8. This study gave rise to not only can be 

produced of functional products from the fishery products but also the 

fruit peels residues can also be evaluated for this purpose. The results of 

this study can be evaluated by seafood and fruit juice processing plants 

as well as food producers. 
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INTRODUCTION 

Fish and fishery products are included in food 

products that have been deteriorated very quickly, as 

they are vulnarable to chemical enzymatic and 

microbiological degradation. (Ashie et al., 1996). For 

this reason, nowadays it is very important to use 

natural products instead of chemicals preservatives in 

order to extend the shelf life of seafood products, to 

ensure their quality and safety (Mohan et al., 2016; 

Viji et al., 2017; Kılınç et al., 2017; Mei et al., 2019). 

There have been found some natural inhibitors in 

herbal foods such as some spices and herbs have 

active ingredients with antimicrobial effect. Some 

examples can be given for these natural inhibitors: 

eugenol in cloves, allicin in garlic and onion, cinnamic 

aldehyde in cinnamon, isothiocionate in mustard, 

timol and isotimol in sage, anetol in anise, vanillin in 

vanilla etc (Ünlütürk & Turantaş, 2003). A large 

number of studies have recently investigated the 

effect of plant extracts on the pathogenic 

microorganisms (Fernandez-Lopez  et al., 2005; 

Ertürk et al., 2010; Bhalodia & Shukla, 2011; Khan  

et al., 2013; Gonelimali et al., 2018). Some plants 

have been contained essential oils with antimicrobial 

effect (Akarca & Şevik, 2021). Essential oils in citrus 

fruits (citral etc.) are located in the fruit peels. 

Essential oils in lemon and orange have been stated 

to prevent the development of certain concentrations 

of bacteria (Ünlütürk & Turantaş, 2003). Many fruit 

juice production factories have been found in Türkiye. 

Fruit and vegetable peels have various positive effects 

on health in terms of bioactive components such as 

polyphenols, carotenoid etc. Peels have more 

biological activity than other fractions of fruit and 

vegetables therefore, it is very important to evaluate 

them (Kılınç et al., 2018). Furthermore, fruit peels 

are quite valuable because of the antimicrobial 

properties. For this purpose, the aim of this study was 

to evaluate fruit peels (oranges and lemons) which 

have been discarded and to create edible films with 

antimicrobial properties. This study gave rise to not 

only produce antimicrobial films (food coating 

materials) for producing of functional fishery products 

but also fruit peels were evaluated in this purpose. 

Another aim was to determine the impact of edible 

films with lemon and orange peels by using xanthan, 

locust bean and carrageenan on the microbial flora 

and the shelf-life of squid rings and rainbow trout 

fillets. 
 

MATERIALS and METHODS 

Preparation of lemon and orange peels extracts 

In this study lemon (Citrus limon) and orange (Citrus 

sinensis) peels were supplied and in shade dried 

naturally.  THE Dried lemon and orange peels were 

powdered at using an electric mill. The lemon and 

orange peels were pulverized separately and exracted 

with ethanol using in a mechanical mixer for 24 

hours. The obtained resulting mixture was filtered 

and evaporated with a rotary evaporator according to 

method of  Baytop, 1999. Prepared extracts were kept 

in the refrigerator until used. 
 

Production of Edible Film Solutions From Fruit Peels 

The edible film solutions were produced from orange 

and lemon peels because of which have the highest 

antimicrobial effect (Kılınç et al., 2018). Preparation 

of edible films was proceeded according to Sothornvit 

et al. (2011). Film solution was prepared by using at 

the ratio of 1% (w v-1) xanthan, locust bean, 

carrageenan gums in distilled water at 90°C for 30 

minutes. The mixture was homogenized with 

magnetic mixer. Glycerol was added into the mixture 

at the ratio 3 % as a plasticizer. 3.2% (g 100ml-1) 

natural antimicrobial in concentrations obtained as 

the result of Minimum Inhibition Concentration 

(MIC) of fruit peel extracts were added according to 

Kılınç et al. (2018). The solution was left to cool at 

room temperature. 
 

Coating Fishery Products with Edible Film Solutions 

In order to improve the sensory quality and extend 

the shelf-life of trout fillets and squid rings, edible 

film coatings containing lemon and orange peels by 

using xanthan, locust bean and carrageenan gums 

were used. Edible film solutions were applied on 

fishery products. Frozen-thawed rainbow trout fillets 

(Oncorhynchus mykiss Walbaum, 1792) and squid 

rings (Loligo vulgaris Lamarck, 1798) were obtained 

from fish markets. They were brought to the 

Laboratory of Fish Processing Technology of Ege 

University Fisheries Faculty in cold chain by using 

cooler box containing ice in approximately 30 

minutes.  The samples were put into the refrigerator 

at 4±1°C for thawing process for 15 hours. After 

thawing process, the samples were aseptically soaked 

into the edible film solution at room temperature 

(18°C) for two minutes. The samples were coated with 

orange and lemon peels by using xanthan, locust bean 

and carrageenan gum containing edible films, 

separately (Fig. 1). The coated fishery products 

without extract were identified as control.  

After coating the samples with edible films, 

approximately 150-200 g of two trout fillets and 10 

piece of squid rings were placed in strafor plates 

separately. The samples were incubated at 4±1°C for 
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10 days. Analysis was carried out on the 1st, 3rd, 6th 

and 8th day of storage. Total mesophilic, 

psychrotrophic, Enterobactericeae and lactic acid 

bacteria counts of samples were made in triplicate. 

Three strofor plates were used on each analysis day 

for microbiological analyses. The results were given 

as the mean value of three analyses. 

  

Figure 1. It is a group of coated (control) and uncoated aquaculture products with different extracts and edible 

films. 

Şekil 1. Farklı ekstrakt ve yenilebilir filmler ile kaplanmış ve kaplanmamış (kontrol) su ürünleri grupları. 
 

Analytical Methods 

Microbiological analysis and bacteria identifications 

Samples (10 g) were added aseptically to 90 ml of 

sterile Buffered Peptone Water solution (1 g ml-1 

bacteriological peptone, Merck 1.07228.0500, 

Germany) and mixed in a Stomacher (IUL, Barcelona, 

Spain) at high speed for 1 min. Plate Count Agar 

(PCA, Merck 1.05463.0500, Germany) was used to 

evaluate total mesophilic bacterial counts (TMC) and 

total psychrotrophic bacterial counts (TPC). Violet red 

bile dekstrose Agar (VRBD-A, Merck 1.10275.0500, 

Germany) and De Man Rogosa Sharpe Agar (MRS, 

Merck 1.10660.0500, Germany) were used to asses 

Enterobacteriaceae (ENT), total coliform bacteria and 

lactic acid bacteria (LAB) respectively. On the other 

hand, Yeast Extract Glucose Chloramphenicol Agar 

(YGC, Merck 1.16000.0500, Germany) were used to 

grow molds and yeasts (MY). Plates were incubated 

30°C at 24 h for TMC, 7 °C at 10 d for TPC. LAB were 

proceeded after incubation at 30 °C at 72 h under 

anaerobic conditions. Yeasts and fungi were 

incubated at 25 °C for 72 h (Harrigan & Mc Cance, 

1976). After incubation periods, the means of counts 

with standard deviations, were reported as 

logarithms of the number of colony forming units (log 

CFU g-1). Furthermore, the isolated microorganisms 

were identified with API test kits with 20 NE (30 °C 

for 24 h), 20 E (36 °C for 24 h), 50 CH and 50 CHL (30 

°C for 24 h) (Biomérieux, France) from bacterial flora. 

These kits were used according to the instructions of 

the manufacturer and the database provided by 

bioMerieux. 
 

Sensory analysis 

The sensory evaluation of the edible films coated 

rainbow trout fillets and squid rings were evaluated 

by 5 experienced panelists at the Ege University 

Fisheries Faculty Department of Fish Processing 

Technology. Prepared edible film coated and uncoated 

fishery products were presented to panelists in 

random order. On each analysis day, each sample was 

coded differently and then served to the panelits for 

evaluating the sensory characteristics of samples. The 

sensory evaluation of the samples was proceeded 

according to Paulus et al. (1979). In sensory 

evaluation, the panelists evaluated the following 

characteritics (color, odour, texture)  and general 

acceptability defining criteria 9 to 1 of the samples. A 

hedonic scale ranging from 9 (very good completely 

fresh fish) to 1 (very bad, completely degraded fish) 

was employed in the evaluation.  
 

pH analysis 

The pH value was measured by using a Hanna 211 

model pH meter (Cluj-Napoca, Romania), with the 

glass electrode applied directly to the homogenate (5 g 
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of fish/5 mL of distilled water). The experiment was 

proceeded in triplicate.  
 

Statistical analysis 

The data were analysed by one-way ANOVA. Tukey’s 

multiple range test was applied for determining group 

differences at 95% significance level.  Analysis was 

performed using SPSS 15.0 for Windows (SPSS Inc., 

Chicago, IL, USA). 
 

RESULTS  

The total mesophilic bacterial counts (TMC) of the 

coated and uncoated rainbow trout fillets and squid 

rings are given in Table 1. Edible films with orange 

and lemon peels by using xanthan, locust bean and 

carrageenan on the rainbow trout fillets and squid 

rings delayed the growth of bacteria, when compared 

with uncoated samples. TMC of groups (OXS, LXS, 

CS) exceeded the microbiological limit of consumption 

on day 6, whereas TMC of groups (OXT, LXT, CT, 

OLS, OLT, LLT, OKS, OKT, LKT) exceeded this limit 

(7 log CFU g-1) according to the ICMSF (1986) on day 

8. However, TMC of squid rings covered with limon 

peel+locust bean (LLS) and limon peel+carrageenan 

(LKS) did not exceed the limit of consumption on day 

8.  In another words, the lowest TMC was determined 

on squid rings covered with lemon peel+ locust bean 

(LLS) and lemon peel+ carrageenan (LKS) films, 

when compared with other groups. 

 

Table 1 Total mesophilic bacterial counts (log CFU g-1) of coated and uncoated rainbow trout fillets and squid 

rings during storage 

Çizelge 1. Kaplamalı ve kaplamasız gökkuşağı alabalığı filetolarının ve kalamar halkalarının depolama 
sırasındaki toplam mezofilik bakteri sayıları (log CFU g-1) 

Storage Time Total Mesophilic Bacteria Counts ( log CFU g-1) 

 OXS LXS CS OXT LXT CT 

Day 1 4.22±0.03b1 3.82±0.24c1 4.55±0.21a1 3.43±0.55ab1 3.05±0.19b1 3.55±0.16a1 

Day 3 5.81±0.19b2 5.15±0.02c2 6.02±0.14a2 4.89±0.05b2 4.26±0.07a2 4.69±0.06b2 

Day 6 7.15±0.01b3 7.02±0.02c3 7.90±0.40a3 6.50±0.07ab3 6.31±0.44b3 6.78±0.23a3 

Day 8 8.38±0.08b4 8.11±0.14c4 8.93±0.06a4 7.40±0.18ab4 7.06±0.06b4 7.93±0.04a4 

 OLS LLS CS OLT LLT CT 

Day 1 3.58±0.47c1 3.86±0.05b1 4.06±0.61a1 3.88±0.10a1 3.45±0.51b1 3.79±0.51ab1 

Day 3 3.86±0.40c1 4.43±0.07b2 5.42±0.31a2 5.04±0.22a2 4.10±0.05b2 5.86±0.05ab2 

Day 6 5.74±0.23b2 5.49±0.14c3 6.89±0.12a3 6.47±0.26a3 5.65±0.28b3 6.93±0.28ab3 

Day 8 7.12±0.11b3 6.97±0.83c4 7.47±0.08a4 7.42±0.64b4 7.00±0.15a4 7.67±0.15b4 

 OKS LKS CS OKT LKT CT 

Day 1 4.20±0.42a1 3.65±0.21b1 3.80±0.14c1 3.35±0.21a1 3.70±0.14b1 3.75±0.35b1 

Day 3 5.22±0.89b2 4.55±0.26c2 6.84±0.05a2 4.95±0.07b2 5.11±0.33b2 6.37±0.39a2 

Day 6 6.65±0.64b3 5.80±0.42c3 7.25±0.21a3 6.00±0.14b4 6.25±0.07b3 7.65±0.21a3 

Day 8 7.40±0.55b4 6.73±0.24c4 8.42±0.29a4 7.46±0.15b4 7.09±0.06b4 8.27±0.02a4 

n=3; Mean value ± standart deviation a-c: a-c: different letters in the same row show statistically significant difference 

between the groups (p<0.05). 1-4: 1-4: different numbers in the same column show statistically significant difference for each 

group according to storage (p<0.05).  
 

There was a reduction of approximately up to 1.5 log 

cycles between control and coated samples (LLS and 

LKS) after 8 days of storage. The edible films that 

were produced using locust bean with lemon peel 

extract and carrageenan with lemon peel extract 

caused a statistically significant (p<0.05) decrease in 

the TMC of coated samples compared to other groups. 

The inhibition of the microbial growth in coated 

samples was observed in the study and this result 

was thought to be related with the antimicrobial 

activiy of the lemon and orange peels. It was also 

determined that the differences between the groups of 

the TMC were significant (p<0.05) according to the 

coating types and the storage period (p<0.05). Total 

psychrotrophic bacterial counts (TPC) of the coated 

and uncoated rainbow trout fillets and squid rings are 

shown in Table 2. The highest TPC of groups were 

determined in the uncoated samples during the 

storage period, when compared with coated groups. 

The initial TPC (log CFU g-1) of coated and uncoated 

samples increased signicantly during the storage 

period  (p<0.05). Enterobactericeae bacteria counts 

(EBC) of coated and uncoated rainbow trout fillets 

and squid rings are given in Table 3.  

Gradual increase in the number of EBC have been 

observed throughout the storage in all groups except 

for the groups (OXT, LXT, CT), in which EBC counts 

of samples were determined below the detectable 

value (<1 log CFU g-1) during storage period. 

Lactic acid bacteria (LAB) counts (log CFU g-1) 

obtained from coated and uncoated rainbow trout 

fillets and squid rings during storage are shown in 

Table 4. While there was no statistically significant 

difference (p>0.05) in the lemon and orange coated 

groups during storage, the difference between the 
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control group and the other groups was found to be 

significant (p<0.05). The lactic acid bacteria counts 

were determined statistically (p<0.05) higher in 

edible film coated groups, in which they thought to be 

stopped the other microbial growth due to the 

antimicrobial effect of lactic acid bacteria. 
 

Table 2. Total psychrotrophic bacteria counts (log CFU g-1) of coated and uncoated rainbow trout fillets and squid 

rings during storage   

Çizelge 2. Kaplamalı ve kaplamasız gökkuşağı alabalığı filetolarının ve kalamar halkalarının depolama 
sırasındaki toplam psikrotrofik bakteri sayısı (log CFU g-1) 

Storage Time Total Psychrotrophic Bactria Counts (log CFU g-1) 
 OXS LXS CS OXT LXT CT 

Day 1 4.21±0.22b1 3.62±0.29a1 4.41±0.25b1 3.43±0.36a1 3.29±0.38a1 3.51±0.03a1 

Day 3 5.01±0.22b2 5.61±0.46b2 6.21±0.17a2 5.59±0.30a2 5.51±0.49a2 5.80±0.08a2 

Day 6 7.55±0.13b3 7.46±0.06b3 7.75±0.47a3 7.30±0.11a3 7.65±0.25a3 7.34±0.07a3 

Day 8 8.20±0.09b4 8.06±0.08b4 8.72±0,29a4 8.20±0.14a4 7.10±0.14a4 8.53±0.11a4 

 OLS LLS CS OLT LLT CT 

Day 1 4.53±0.12a1 4.16±0.51b1 4.53±0.21a1 3.64±0.25b1 3.49±0.09b1 4.11±0.43a1 

Day 3 5.40±0.03a2 4.76±0.97b2 5.96±0.77a2 4.71±0.22b2 5.00±0.48b2 6.48±0.54a2 

Day 6 6.75±0.30a3 6.72±0.14a3 6.99±0.60b3 6.46±0.07b3 6.86±0.05b3 7.10±0.15a3 

Day 8 7.48±0.20a4 7.12±0.16b4 7.75±0.25a4 7.27±0.23b4 7.07±0.08b4 7.79±0.23a4 

 OKS LKS CS OKT LKT CT 

Day 1 4.77±0.04a1 3.55±0.08a1 4.45±0.54a1 3.60±0.26b1 3.08±0.06b1 4.16±0.20a1 

Day 3 5.44±0,02a2 4.70±0.44a2 5.15±0.59a2 4.05±0.08b2 3.99±0.06b2 5.26±0.14a2 

Day 6 6.76±0.29a3 6.84±0.72a3 6.05±0.23a3 5.87±0.07b3 5.47±0.07b3 7.32±0.20a3 

Day 8 8.30±0.08a4 7.06±0.52a4 8.70±0.14a4 8.03±0.13b4 7.78±0.06b4 8.47±0.72a4 

n=3; Mean value ± standart deviation a-c: a-c: different letters in the same row show statistically significant difference 

between the groups (p<0.05). 1-4: 1-4: different numbers in the same column show statistically significant difference for each 

group according to storage (p<0.05).   

 
Table 3. Enterobacteriaceae bacteria counts (log CFU g-1) of coated and uncoated rainbow trout fillets and squid 

rings during storage   

Çizelge 3. Kaplamalı ve kaplamasız gökkuşağı alabalığı filetolarının ve kalamar halkalarının depolama 
sırasındaki Enterobactericeae bakteri sayıları (log CFU g-1) 

Storage Time Enterobactericea Bacteria Counts ( log CFU g-1) 

 OXS LXS CS OXT LXT CT 

Day 1 2.35±0.38a1 2.44±0.20a1 2.21±0.13a1 <1 a1 <1 a1 <1 a1 

Day 3 3.00±0.09b2 2.65±0.36a1 3.20±0.03b2 <1 a1 <1 a1 <1 a1 

Day 6 3.60±0.17a3 3.56±0.01a2 3.48±0.19a2 <1 a1 <1 a1 <1 a1 

Day 8 4.38±0.04b4 4.17±0.09a3 4.64±0.05c3 <1 a1 <1 a1 <1 a1 

 OLS LLS CS OLT LLT CT 

Day 1 2.16±0,02a1 2.15±0.15a1 2.38±0.33a1 2.62±0,04a1 2.27±0.52a1 2.57±0.70b1 

Day 3 2.65±0.11a2 2.66±0.28a2 2.60±0.05a2 2.80±0.57b1 2.55±0.35b2 3.05±0.21a2 

Day 6 3.42±0.24a3 3.29±0.05a3 3.37±0.04a3 3.20±0.85b2 2.95±0.35b43 3.80±0.09a3 

Day 8 3.91±0.16a4 3.83±0.18a4 4.19±0,01a4 3.90±0.42b3 3.37±0.52b4 4.26±0.23a4 

 OKS LKS CS OKT LKT CT 

Day1 1.81±0.47c1 2.23±0.12b1 2.53±0.59a1 2.23±0.12b1 2.03±0.11c1 2.41±0.10a1 

Day 3 2.41±0.10c2 2.91±0.06b2 3.14±0.14a2 3.21±0.18a2 2.57±0.15c2 3.13±0.21b2 

Day 6 2.74±0.66c3 3.45±0.18b3 4.45±0.21a3 3.66±0.30b3 3.57±0.12c3 3.82±0.11a3 

Day 8 3.76±0.08c4 3.98±0.04b4 4.80±0.14a4 3.97±0.07b4 3.98±0.07b4 4.74±0.06a4 

n=3; Mean value ± standart deviation a-c: a-c: different letters in the same row show statistically significant difference 

between the groups (p<0.05). 1-4: 1-4: different numbers in the same column show statistically significant difference for each 

group according to storage (p<0.05).   
 

pH values of the coated and uncoated rainbow trout 

fillets and squid rings showed initial decrease 

followed by an increase as reported in Table 5. The 

sensory evaluation of the coated and uncoated 

rainbow trout fillets and squid rings are presented in 

(Table 6-8). The sensoy evaluation of groups was 

determined by the sensorial characteristics such as 

color, odour and texture, as well as general 

acceptability.  Color, odour, texture and general 

accetability characteristics of all the groups (OXT, 

OXS, LXT, LXS, CS, CT, OLS, OLT, LLT, LLS, OKS, 

LKS, OKT, LKT) were statistically significant 

(p<0.05) decrease during the storage period. 
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Table 4. Lactic acid bacteria counts (log CFU g-1) of coated and uncoated rainbow trout trout fillets and squid 

rings during storage   

Tablo 4. Kaplamalı ve kaplamasız gökkuşağı alabalığı filetolarının ve kalamar halkalarının depolama 
sırasındaki laktik asit bakteri sayıları (log CFU g-1) 

Storage Time Lactic acid bacteria Counts ( log CFU g-1) 
 OXS LXS CS OXT LXT CT 

Day 1 <1 a1 <1 a1 <1 a1 2.28±0.02a1 2.75±0.06b1 2.31±0.33a1 

Day 3 2.89±0.02a2 2.60±0.28a2 2.09±0.12b2 3.18±0.20a2 2.40±0.32b2 2.41±0.29b1 

Day 6 3.19±0.27a3 3.55±0.10a3 2.59±0.16b3 3.77±0.04a3 3.76±0.05a3 3.50±0.16b2 

Day 8 3.75±0.03a4 3.97±0.10a4 3.50±0.19b4 4.29±0.16a4 4.44±0.06a4 3.87±0.12b3 

 OLS LLS CS OLT LLT CT 

Day 1 2.30±0.43c1 2.61±0.01b1 2.33±1.02a1 3.09±0.13a1 3.07±0.21a1 3.45±0.13b1 

Day 3 3.41±0.04b2 4.78±0.20a2 2.72±0.90c2 4.08±0.20c2 4.84±0.04a2 3.43±0.25b1 

Day 6 4.40±0.25b3 5.30±0.09a3 3.80±0.10c3 5.80±0.40a3 5.30±0.05b3 4.30±0.30c2 

Day 8 6.70±0.32b4 7.74±0.25a4 5.20±0.27c4 7.37±0.36a4 7.59±0.20a4 5.84±0.52b3 

 OKS LKS CS OKT LKT CT 

Day 1 2.86±0.37b1 3.30±0.28a1 2.19±0.83c1 2.79±0.23a1 2.76±0.81a1 1.90±0.84b1 

Day 3 3.82±0.05b2 4.09±0.12a2 2.72±0.90c2 3.60±0.26a2 3. ±0.02a2 3.16±0.01b2 

Day 6 4.95±0.32b3 5.69±0.03a3 3.89±0.78c3 4.55±0.60a3 4.80±0.14a381 4.24±0.19b3 

Day 8 6.55±0.01b4 6.56±0.12a4 5.04±0.08c4 5.92±0.18a4 6.47±0.57a4 4.84±0.08b4 

n=3; Mean value ± standart deviation a-c: a-c: different letters in the same row show statistically significant difference 

between the groups (p<0.05). 1-4: 1-4: different numbers in the same column show statistically significant difference for each 

group according to storage (p<0.05).   

 
Table 5. pH values of coated and uncoated rainbow trout fillets and squid rings during storage  

Çizelge 5. Kaplamalı ve kaplamasız gökkuşağı alabalığı filetoları ve kalamar halkalarının depolama sırasındaki 
pH değerleri 

Storage Time pH Values 

 OXS LXS CS OXT LXT CT 

Day 1 7.47±0.12b1 7.17±0.15a1 7.53±0.21b1 6.30±0.10b1 6.43±0.15b1 6.64±0.15a1 

Day 3 7.44±0.30b1 7.25±0.23b2 8.07±0.15a2 6.55±0.01b2 6.57±0.01b2 6.61±0.05a1 

Day 6 7.15±0.03b2 7.16±0.02b1 7.51±0.03a1 6.96±0.12b3 6.63±0.04a3 6.83±0.01b2 

Day 8 7.26±0.05b3 7.26±0.04b2 7.59±0.02a3 6.68±0.11b4 6.82±0.05b4 6.99±0.02a3 

 OLS LLS CS OLT LLT CT 

Day 1 6.67±0.01b1 5.90±0.14c1 7.05±0.12a1 6.20±0.05b1 6.29±0.08c1 6.33±0.03a1 

Day 3 6.94±0.09b2 6.26±0.06c2 7.31±0.05a2 6.32±0.06b2 6.28±0.04c1 6.58±0.07a2 

Day 6 7.11±0.11b3 6.68±0.17c3 7.42±0.12a3 6.86±0.11b3 6.41±0.11c2 7.21±0.23a3 

Day 8 7.39±0.13b4 6.85±0.06c4 7.79±0.18a4 7.23±0.22b4 6.96±0.17c3 7.35±0.17a4 

 OKS LKS CS OKT LKT CT 

Day1 7.03±0.35c1 7.17±0.15b1 7.77±0.15a1 6.20±0.36b1 6.45±0.24ab1 6.64±0.15a1 

Day 3 7.03±0.21b1 6.96±0.05c1 7.67±0.29a2 6.40±0.35b2 6.49±0.35ab1 6.50±0.14a2 

Day 6 6.72±0.16b2 6.11±0.06c2 7.17±0.20a3 6.30±0.07b3 6.22±0.14ab2 6.42±0.03a3 

Day 8 7.57±0.31b3 7.26±0.04c3 7.63±0.55a4 6.69±0.16b4 6.89±0.04ab3 7.13±0.14a4 
n=3; Mean value ± standart deviation a-c: a-c: different letters in the same row show statistically significant difference 

between the groups (p<0.05). 1-4: 1-4: different numbers in the same column show statistically significant difference for each 

group according to storage (p<0.05).   
 

According to the sensory evaluation, the groups LKS, 

LLS and LXS were the most preferred group in terms 

of the odour, whereas the groups OXT, OLT and OKT 

were showed the best favorable sensorial 

characteristics in terms of color from the panelists at 

the beginning of the storage. At the end of the storage 

period (on day 8), general acceptability scores of the 

groups decreased to 1.80, 1.00, 1.60, 1.20, 1.40, 1.60 

for the groups OXS, LXS, CS, OXT, LXT and CT, 

respectively, while general acceptability scores of the 

groups decreased to 1.60, 1.60, 1.80, 2.00, 2.40, 1.00 

for the groups OLS, LLS, CS, OLT, LLT and CT. In 

addition to this, Sensory evaluation of the groups 

OKS, LKS, CS, OKT, LKT and CT decreased to 1.60, 

2.60, 1.20, 1.80, 2.60, 1.20, respectively on the 8th day 

of storage. When compared with coated and uncoated 

samples, the lowest general acceptability scores were 

determined in uncoated samples.  
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Table 6. Sensory evaluation of coated by using orange and lemon peels with xanthan and uncoated rainbow trout 

fillets and squid rings during storage  

Çizelge 6. Depolama sırasında ksantanlı portakal ve limon kabukları ile kaplanmış ve kaplanmamış gökkuşağı 
alabalığı filetoları ve kalamar halkalarının duyusal değerlendirmesi 

Storage Time Sensorial Quality 

  OXS LXS CS OXT LXT CT 

Day 1 color 7.20±1.30a1 7.20±1.30a1 8.60±0.89b1 8.80±0.45c1 7.20±0.84a1 8.00±1.00b1 

 odor 7.80±1.30a1 8.00±1.00a1 8.40±0.55b1 8.00±0.71b1 7.60±0.89a1 7.60±0.55a1 

 texture 8.40±0.89a1 8.20±0.45a1 8.80±0.45b1 8.20±0.45a1 8.40±0.55ab1 8.60±0.55bc1 

 general 8.00±0.71b1 7.60±1.14a1 8.60±0.55c1 8.00±0.71b1 7.20±0.84a1 8.60±0.55c1 

Day 3 color 5.20±0.84a2 5.60±0.89b2 6.80±1.10c2 6.80±1.10b2 5.80±0.45a2 7.80±0.45c2 

 odor 6.40±0.55b2 6.20±1.10b2 5.80±0.84a2 5.80±1.10a2 6.20±0.45b2 5.80±0.45a2 

 texture 7.20±0.84b2 7.00±0.71b2 6.60±0.89a2 5.80±1.30b2 7.00±1.00c2 5.40±0.89a2 

 general 5.40±0.89a2 5.60±1.14a2 7.40±0.55b2 7.20±0.84b2 6.40±0.55a2 7.40±0.55b2 

Day 6 color 3.60±0.89b3 2.80±0.84a3 4.80±1.30c3 5.00±0.71b3 4.20±1.30a3 4.00±1.58a3 

 odor 5.20±0.84b3 7.00±1.00c3 4.20±0.84a3 4.00±0.71b3 5.00±0.71c3 3.40±1.52a3 

 texture 5.40±0.89b3 5.20±0.84c3 4.40±1.14a3 4.40±1.14a3 4.80±0.45b3 5.40±1.14c3 

 general 5.60±0.89c3 4.80±0.45b3 3.60±1.34a3 5.40±0.89c3 4.80±0.84b3 4.20±1.30a3 

Day 8 color 1.40±0.55a4 1.40±0.55a4 2.40±0,89b4 2.00±1.00ab4 1.80±0.84a4 2.20±0.84b4 

 odor 3.20±1.10c4 2.80±0.84b4 1.20±0.45a4 2.00±0.71a4 1.80±0.84a4 1.80±0.84a4 

 texture 2.40±0.55c4 2.00±0.71b4 1.40±0.55a4 2.40±0.55b4 2.20±0,84ab4 1.80±0.84a4 

 general 1.80±0.84ab4 1.00±0.71b4 1.60±0.89a4 1.20±0.84b4 1.40±0.55b4 1.60±0.89a4 
n=3; Mean value ± standart deviation a-c: a-c: different letters in the same row show statistically significant difference 

between the groups (p<0.05). 1-4: 1-4: different numbers in the same column show statistically significant difference according 

to storage (p<0.05).  
 

Table 7. Sensory evaluation of coated by using orange and lemon peels with locust bean gum and uncoated 

rainbow trout fillets and squid rings during storage  

Çizelge 7. keçiboynuzu gam ile portakal ve limon kabuklarıyla kaplanmış ve kaplanmamış gökkuşağı alabalığı 
filetoları ve kalamar halkalarının depolama sırasında duyusal değerlendirilmesi 

Storage Time Sensorial Quality 

  OLS LLS CS OLT LLT CT 

Day1 color 8.00±1.22b1 7.20±0.84a1 8.20±0.84b1 8.60±0.55a1 7.60±0.55b1 8.60±0.55a1 

 odor 8.00±0.71b1 8.60±0.55a1 8.00±0.71b1 7.60±0.55a1 8.20±0.84b1 8.50±0.58c1 

 texture 8.20±0.84a1 8.20±0.84a1 8.40±0.55b1 8.00±0.71a1 8.00±0.71a1 8.60±0.55b1 

 general 7.80±0.84a1 8.20±0.84b1 8.60±0.55c1 8.20±0.84a1 8.20±0.84a1 8.60±0.55b1 

Day 3 color 5.60±1.14a2 6.20±0.84b2 6.20±1.10b2 5.80±1.30a2 6.40±0.55b2 6.20±1.30b2 

 odor 6.40±0.55b2 6.20±1.10b2 5.80±0,84a2 5.80±1.10a2 6.20±0.45b2 5.80±0.45a2 

 texture 6.20±1.48a2 6.20±1.30a2 6.80±1.10b2 5.80±1.79a2 6.20±1.48b2 5.60±1.14a2 

 general 6.20±0.84a2 6.00±1.00a2 6.80±0.45b2 6.00±1.22a2 6.20±0,84a2 6.80±0.45b2 

Day 6 color 3.80±1.48b3 3.00±1.00a3 4.60±1.67c3 4.00±0.71a3 4.40±2.07b3 3.80±1.79a3 

 odor 3.20±1.30a3 3.60±1.82b3 3.60±1.14b3 3.20±1.30b3 3.60±0.89c3 2.80±0.84a3 

 texture 4.80±1.48a3 5.00±1.22a3 4.80±1.30a3 4.80±1.30a3 5.40±0.55b3 4.80±1.64a3 

 general 5.00±0.71b3 4.80±1.10b3 3.80±1.10a3 4.80±1.30b3 4.60±1.34b3 4.20±1.30a3 

Day 8 color 1.80±0.84a4 1.60±0.55a4 2.20±0.84b4 2.40±0.55b4 2.20±0.84a4 2.40±1.14b4 

 odor 2.20±0.84b4 2.80±0.45c4 1.40±0.55a4 2.40±0.55b4 2.20±0.84b4 1.40±0.55a4 

 texture 2.40±0.55c4 2.00±0.71b4 1.40±0.55a4 2.40±0.55b4 2.20±0.84b4 1.80±0.84a4 

 general 1.60±0.55a4 1.60±0.55a4 1.80±0.84b4 2.00±0.71a4 2.40±0.55b4 1.00±1.00a4 

n=3; Mean value ± standart deviation a-c: a-c: different letters in the same row show statistically significant difference 

between the groups (p<0.05). 1-4: 1-4: different numbers in the same column show statistically significant difference according 

to storage (p<0.05).  
 

Samples of colonies with different morphological 

characteristics were analyzed throughout the storage 

period.  After the stage of purified and the colonies 

were identified with API 20 E bacterial identification 

test kits. According to the results taken from the 

computer Identification Program, isolated bacteria 

with identification rates were given as follows: In  the 

groups of CS and CT, the isolation rates of Moraxella 

spp.,  Ochrobacretrum anthropi and Enterobacter 
aerogenes were equivalent to 85.7%, 85.9 and 96.2%, 

respectively. Bacteria identified in squid rings and 

rainbow trout fillets covered with extracts of orange 

and lemon peels and films made by using xanthan, 

locust bean and carrageenan were Serratia 
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liquefaciens 98.0%, Serratia marcescens 98.0%, 

Pasteurella aerogenes 97.6%, Photobacterium 
damselae 84.7%, Pantoe spp. 95.8%, Erwinia spp. 

95.8%. On the other hand, the bacterial strains 

identified in the samples, which were covered with 

orange extracts, lemon peels and edible films were 

equivalent to 98.0%, 98.0%, 97.6%, 84.7%, 95.8% and 

95.8% for Serratia liquefaciens, Serratia marcescens, 
Pasteurella aerogenes, Photobacterium damselae, 
Pantoe spp., Erwinia spp, respectively. Hence 

Serratia liquefaciens and Serratia marcescens were 

the most important species of the Enterobacteriaceae 

family. 

- 

Table 8. Sensory evaluation of coated by using orange and lemon peels with carrageenan gum and uncoated 

rainbow trout fillets and squid rings during storage  

Çizelge 8. Karagenan gam ile Portakal ve limon kabuklarıyla kaplanmış ve kaplanmamış gökkuşağı alabalığı 
filetoları ve kalamar halkalarının depolama sırasında duyusal değerlendirilmesi 

Storage Time Sensorial Quality 

  OKS LKS CS OKT LKT CT 

Day 1 color 7.60±0.89b1 7.80±0.84b1 7.00±0.71a1 8.50±0.71b1 8.20±0.84b1 7.40±0.55a1 

 odor 8.00±0.71a1 8.40±0.55b1 8.40±0.89b1 7.80±0.84a1 8.00±0.71a1 8.60±0.55b1 

 texture 8.40±0.55b1 8.20±0.45a1 8.60±0.55b1 8.20±0.45a1 8.40±0.55ab1 8.60±0.55b1 

 general 8.40±0.55b1 7.80±0.84a1 8.60±0.55b1 8.40±0.55a1 8.40±0.89a1 8.80±0.45b1 

Day 3 color 5.60±0.55b2 6.00±1.00c2 5.00±1.22a2 5.00±0.71a2 7.20±0.84b2 5.20±1.10a2 

 odor 6.80±0.84a2 7.40±0.55b2 6.60±0.55a2 5.60±0.89a2 7.40±0.55c2 6.40±0.55b2 

 texture 6.80±0.45a2 8.00±0.71b2 7.60±0.55c2 6.60±1.14a2 7.40±0.55b2 6.40±0.55a2 

 general 7.80±0.45a2 7.80±0.45a2 7.40±0.55b2 7.60±0.55ab2 7.80±0.84b2 7.40±0.55a2 

Day 6 color 3.60±1.14a3 4.40±1.52b3 5.40±1.52c3 3.60±0.89a3 4.00±0.71b3 4.80±1.30c3 

 odor 6.00±1.00a3 5.60±1.52b3 4.00±0.71c3 5.00±1.22c3 3.80±1.10b3 3.20±1.30a3 

 texture 4.80±0.45b3 4.60±0.55b3 3.60±0.55a3 4.00±0.71a3 5.40±1.14b3 4.00±1.22a3 

 general 5.20±1.30b3 5.60±1.52c3 4.00±1.22a3 3.20±1.30a3 5.40±1.82c3 3.60±0.55b3 

Day 8 color 2.20±0.84b4 1.80±0.84a4 2.20±0.84b4 2.00±0.71a4 2.00±0.71a4 2.00±1.00a4 

 odor 3.00±0.71b4 3.00±0.71b4 1.60±0.55a4 2.20±0.84b4 2.20±0.84b4 1.40±0.55a4 

 texture 3.00±0.71b4 2.40±1.14a4 2.20±0.45a4 2.20±0.84b4 1.80±0.45a4 1.80±0.84a4 

 general 1.60±0.55b4 2.60±0.55b4 1.20±0.45a4 1.80±0.45b4 2.60±0.55b4 1.20±0.45a4 

n=3; Mean value ± standart deviation a-c: a-c: different letters in the same row show statistically significant difference 

between the groups (p<0.05). 1-4: 1-4: different numbers in the same column show statistically significant difference according 

to storage (p<0.05). 
 

According to the API 50 CH bacteria identification 

test kit,  the identified lactic acid bacteria species as 

follows: Lactobacillus acidophilus 89.1%, 

Lactobacillus salivarius 99.9%, Lactococcus lactis 

%81.8 and Lactobacillus brevis 99.6%  in rainbow 

trout fillets and squid rings after coating with orange 

and lemon peels extract and xanthan. Bacteria 

isolated in rainbow trout fillets and squid rings after 

coating with orange and lemon peels extract and 

locust bean were Lactobacillus paracasei 97.9%, 

Lactococcus lactis 96.5%, Lactobacillus brevis 98.0% 

and Carnobacterium maltaromaticum 99.9%. After 

coating with orange and lemon peel extracts and 

carragenaan, the identified bacteria in rainbow trout 

fillets and squid rings were Lactobacillus pentosus 

86.0%, Lactobacillus brevis 95.6%, Leuconostoc 
mesenteroides 78.4%, Lactobacillus paracasei 95.0%, 

Lactococcus lactis 72.4%.  
 

DISCUSSION  

Hassanzadeh et al. (2018) studied the effect of 2.00 % 

chitosan and 0.10% grape seed extract on the shelf-

life of rainbow trout fillets. The authors reported in 

their study that the coatings had significant effect on 

reducing the total bacteria counts of samples. This 

result was very similar to our findings that the edible 

films with orange and lemon peels were also inhibited 

the growth of bacteria on rainbow trout fillets and 

squid rings. The results obtained in our study were 

well correlated with the previous studies (Chamanara 

et al., 2013; Korkmaz et al., 2019; Socaciu et al., 2018; 

Song et al., 2011) about observing slower increase in 

TMC of the coated fishery products, when compared 

with uncoated samples. The group of Entebactericeae 

was reported to be an indicator of the hygienic 

conditions of the fresh rainbow trout by Mexis et al., 

(2009). In addition to this, this group of 

microorganisms was also reported to be plant sourced 

bacteria (Ünlütürk & Turantaş, 2003).  Uçak (2019) 

reported that the coating of rainbow trout fillets with 

gelatin-based film either alone or in combination with 

of garlic peel extract (GPE) inhibited the growth of 

Enterobactericeae during the storage. However, in 

this study the lowest bacterial count was found in 

gelatin coated samples incorporated with GPE. Volpe 

et al. (2015) and Chytiri et al. (2004) also reported in 

their study that slow growth of Enterobacteriaceae 

was observed during storage period. Our results were 

very similar to those of the above studies (Chytiri et 
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al. 2004; Uçak 2019; Volpe et al. 2015), in which 

edible films inhibited the growth of Enterobactericeae 

on fishery products during the storage. In addition to 

this, the group of LAB  generally was recognized as 

safe for human consumption, and they also could be 

found naturally dominate microflora of many foods 

(Ghanbari et al., 2013).  Raeisi et al. (2015) studied 

the application of carboxymethyl cellulose (CMC) 

coatings incorporated with Zataria multiflora Boiss. 

essential oil (ZMEO) and grape seed extract (GSE) to 

extend the shelf life of rainbow trout fillets. 

Researchers reported in their study that high 

concentrations of ZMEO and GSE rapidly increased 

the LAB counts of the samples, thereby LAB counts 

showed a strong synergistic effects against spoilage 

microorganisms. Likewise, Joukar et al. (2017) 

reported in their study that LAB counts developed at 

refrigerator temperatures. The initial LAB counts of 

trout fillets was reported to be 1 log CFU g-1, whereas 

this value reached to 6.28 log CFU g-1 at the end of 

storage period.  Our results were very similar with 

the above study, which was reported by Joukar et al. 

(2017). Based on the period of storage there were 

various rates of decrease or increase in the pH values 

of rainbow trout were reported by Aksoy and Sezer 

2019; Chamanara et al. 2013; Hosseini et al. 2016. 

The authors also reported that a slight increase in the 

pH value of all samples were observed at the end of 

the storage due to the growth of spoilage related 

bacteria, which caused the alkaline compounds to be 

increased. Yu et al., (2018) reported that edible 

coatings were represented an effective and 

environmentally friendly alternative that can be used 

to extend the shelf-life of all types of fishery products. 

Frangos et al., (2010) stated that salt and oregano oil 

(0.2%) that were used in cooked trout samples had 

sensorially acceptable pleasant odor and were also 

well accepted by the panellists. In one report;  the 

shelf-life of eel was specified as 16 days for laurel and 

20 days for myrtle whereas 12 days for the control 

group (Özoğul et al., 2014). In another report; 

Alparslan et al. (2019) reported that the results of 

sensorial and microbiological analysis revealed that 

the shelf-life of gelatin coated shrimp had 12 days, 

while gelatin film with orange peel essential oil 

coated shrimp was 15 days. Previous studies reported 

that it was advised the use of edible films enriched 

with plant extracts and essential oils to extend the 

shelf-life of fishery products (Korkmaz et al., 2019; 

Mei et al., 2019; Mohan et al., 2012; Uçak, 2019). 

Sallam (2007) reported that the major group of 

microorganisms, which was responsible for spoilage of 

stored fresh fish at chilled temperatures, was the 

gram-negative psychrotrophic bacteria. The results 

obtained in this study were in accordance with the 

other studies, in which the authors reported an 

increase in psychrotrophic bacterial growth on fishery 

products during cold storage (Bulat et al., 2020; 

Chamanara et al., 2013; Granda, 2015; Kılınç & 

Altaş, 2016; Kılınç et al., 2017). Erwinia and Serratia 
species reported to be the plant-based 

microorganisms and they also reported not to be 

indicated the fecal contamination (Surengil, 2014). In 

our study, the groups of identified bacteria species 

such as Serratia liquefaciens (98%), Serratia 
marcescens (98%) and Erwinia spp. (95.8%) were 

thought to be originated from the orange and lemon 

peels. Lacticacid bacteria can be found in vegetable-

derived products and spices. Lactic acid bacteria was 

isolated from plants and spices, which were reported 

by (Fuselli et al., 2003). In this study, Lactobacillus 
paracasei was isolated from black pepper, L. 
cellobiosus was isolated from bay leaf and 

L.acidophilus was isolated from red pepper (Fuselli et 

al., 2003).  
 

CONCLUSION  

In our study the impact of edible films with orange 

and lemon peels on microbial flora and shelf-life of 

squid rings (Loligo vulgaris) and rainbow trout fillets 

(Oncorhynchus mykiss) were evaluated. When 

compared with the uncoated samples, edible film 

coated samples had determined longer shelf-life. In 

terms of microbiological and sensory evaluation; the 

results of microbiological count were lower and 

sensory attributes were determined much more 

favorable in edible film coated samples, when 

compared to control samples. Especially, the groups 

LKS, LLS and LXS were the most preferred group in 

terms of the odour, whereas the groups OXT, OLT 

and OKT were showed the best favorable sensorial 

characteristics in terms of color. TMC of squid rings 

(CS) exceeded the microbiological limit of the 

consumption on day 6, whereas TMC of squid rings 

LLS and LKS did not exceed this limit on day 8. 

The differences of the TMC of the groups were 

determined statistically significant (p<0.05) according 

to the coating types and the storage period. The most 

important bacteria species of rainbow trout fillets and 

squid rings covered with edible films prepared by 

using lemon and orange peels were identified as: 

Lactobacillus paracasei 97.9%, Lactococcus lactis 
96.5%, Carnobacterium maltaromaticum 99.9%, 

Lactobacillus pentosus 86.0%, Leuconostoc 
mesenteroides 78.4%, Lactobacillus acidophilus 

89.1%, Lactobacillus salivarius 99.9%, Lactobacillus 
brevis 99.6%, Serratia liquefaciens 98.0%, Serratia 
marcescens 98.0%, Erwinia spp. 95.8%. Discarded 

fruit peels in fruit juice processing plants can be 

evaluated for producing functional fishery products, 

which would a good alternative for being produced 

edible films. The results of this study can be 

evaluated by seafood and fruit juice processing plants 

as well as food producers. 
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