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Abstract: Fish skins, which are usually the result of processing the product, are often seen as 

waste products. Due to its high commercial value, a large amount of fish skin is revealed during 

the processing of intensively produced trout, sea bream and sea bass. The aim of this study is to 

examine the fatty acid profiles of rainbow trout/ Oncorhynchus mykiss (G1), sea bream/ Sparus 

aurata (G2) and sea bass/ Dicentrarchus labrax (G3) obtained by cultivation and to measure the 

panelist perceptions of edible crackers obtained from these fish skins by sensory analysis. 

According to sensory analysis results the G1 group was significantly (p<0.05) positive separated 

from the other groups in terms of color, odor, taste and texture parameters. The fatty acid 

compositions of groups changed from 21.27- 24.59%, 41.43–45.18% and 28.06–29.48% for 

saturated (SFAs), monounsaturated (MUFAs) and polyunsaturated fatty acids (PUFAs), 

respectively. The ratio of w6/w3 PUFAs was 1.27 in G1, 1.77 in G2 and 1.71 in G3. Among the 

analyzed fish species, the highest DHA (C22:6n3) was obtained from G1, with value of 5.86% 

while G2 and G3 had 4.09 and 4.14 % of DHA. But EPA was significantly (p>0.05) higher in G2 

and G3 groups than G1. The study data found that waste fish skins can be used in making crackers 

and among the three fish used, the cracker made of trout skin gained sensory appreciation. 
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Öz: Balıkların işlenmesi sonucu ortaya çıkan balık derileri genellikle atık ürün olarak görülür. 
Ticari değeri yüksek olması nedeni ile yoğun olarak üretilen alabalık, çipura ve levrek balıklarının 
işlenmesi sırasında fazla miktarda balık derisi ortaya çıkmaktadır. Bu çalışmanın amacı, 
yetiştiricilik yolu ile elde edilmiş gökkuşağı alabalığı/Oncorhynchus mykiss (G1), çipura/Sparus 
aurata (G2) ve levrek/Dicentrarchus labrax (G3) derilerinin yağ asidi profillerini incelemek ve 
bu balık derilerinden elde edilen yenilebilir krakerlerin panelist algılarını duyusal analizle 
ölçmektir. Duyusal analiz sonuçlarına göre G1 grubu renk, koku, tat ve doku parametreleri 

açısından önemli seviyede (p<0.05) diğer gruplardan olumlu olarak ayrılmıştır. Grupların 
doymuş (SFA'lar), tekli doymamış (MUFA'lar) ve çoklu doymamış yağ asitleri (PUFA'lar) 
sırasıyla % 21.27- 24.59, % 41.43-45.18 ve % 28.06-29.48 arasında değişmiştir. w6 / w3 
PUFA'ların oranı G1'de 1.27, G2'de 1.77 ve G3'te 1.71 idi. Analiz edilen balık türleri arasında en 
yüksek DHA (C22: 6n3)% 5,86 değeriyle G1'den elde edilirken, G2 ve G3% 4,09 ve% 4,14 
DHA'ya sahiptir. Çalışma verileri atık balık derilerinin kraker yapımında kullanılabileceğini ve 
kullanılan üç balık içersinde alabalık derisinden yapılan krakerin duyusal açıdan beğeni kazandığı 
tespit edilmiştir. 
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INTRODUCTION 

 

Aquatic products include important PUFAs for 

human health such as EPA (eicosapentaenoic acid, C20:5n3) 

and DHA (docosahexaenoic acid, C22:6n3) and also high 

level of protein and minerals (Özoğul et al., 2013; Yavuzer, 

2018; Zhu et al., 2019). These long-chain PUFAs have great 

importance for humans to prevent of coronary artery 

disorders,  inflammatory diseases and cancer (Conner, 2000; 

Giudetti & Cagnazzo, 2012; La Rovere & Christensen, 2015; 

Simopoulos, 1991; Ward & Singh, 2005). Although DHA is 

the main part of heart muscles, brain and eye retina (Ward & 

Singh, 2005), EPA is also important for brain disorders and 

cancer treatment (Fenton et al., 2000). 

Depending on population growth, there is a trend 

towards alternative food sources in the world and also 

sensory flavor is the most important factor in meeting the 

energy requirements. Therefore it can be difficult to find a 

healthy and tasty combination of foods. Fish meat is the 

major sources of PUFA for the human diet but different parts 

of fish species have variable fatty acid compositions. Fatty 

acid composition of fish species can be variable depending 

on factors such as gender, location and environmental 

conditions (Özoğul et al., 2007). Therefore different fish 

species should be preferred in diets. It is also important for 

consumers that the product is nutritionally balanced as well 

as economical. 

In today's society, many fish consumers generally 

prefer culture fish such as trout, sea bream, and sea bass. The 

most important reason for this is that these fish are constantly 

present in the market. A lot of studies have been made on the 

nutritional profiles of fish (Bayraklı & Duyar, 2019; Iaconisi 

et al., 2018; Tekle et al., 2013; Tidball et al., 2017; Turchini 

et al., 2018). Although, byproducts of fish such as skin are 

not well known by consumers due to not being sold by fish 

markets there is important studies about fatty acid levels of 

some fish skins. Cui et al., (2018) reported that total fatty 

acid concentrations of some sea fish skins were changed 3.6–

156 mg/g wet weight and Nijinkoue et al.,2002 found 

important fatty acids on Sardinella maderensis, Sardinella 

aurita and Cephalopholis taeniops skins. These studies show 

that waste fish skins have significant fatty acid levels. 

Although there are lots of studies that have pointed to fatty 

acid profiles of trout (Yavuzer et al., 2020), sea bream 

(Erkan & Özden, 2007) and sea bass (Bouaziz et al., 2017) 

there is few information on the fatty acid profile of waste 

skins of these. Thus, the aim of this study was to evaluation 

of fish by-products and increasing the economic value of fish 

skin and determine the fatty acid profiles of skin and their 

utilization as skin crackers based on consumer perception. 

 

 

MATERIAL AND METHOD 

 

Fish Samples and Obtaining Fish Crackers: 

Rainbow trout (Oncorhynchus mykiss 300±30gr), sea bream 

(Sparus aurata 380±15gr) and sea bass (Dicentrarchus 

labrax 360±12gr) were purchased from the local fish 

markets in Adana, Turkey. For all analyzes of the study, 9 

kg rainbow trout, 11 kg bream and 12 kg sea bass were used. 

Fish were 1 day post-capture on arrival at the laboratory in 

ice with polystyrene boxes. Fish-to-ice ratio was 1:1 (w/w). 

In sterile laboratory conditions, the fish were gutted and the 

scales of sea bream and sea bass were cleaned and their skin 

was manually separated from the meat with a kitchen knife. 

%9.2 skin was obtained from rainbow trout, %8.6 from sea 

bream and %8.2 from sea bass. 

The skins were cut long and thin to obtain crackers 

from fish skin. Only wheat flour (%3) was added to the fish 

skin by rolling and fried in sunflower oil (200°C) for 3 

minutes. After the frying process crackers were cooled in the 

room conditions. They were then transferred to the 

refrigerator (3±1°C) in stretch filmed plate for sensory and 

microbial analysis. 90 crackers were made from each fish 

species and arranged in a maximum of 15 on the plates to 

avoid overlapping. Sensory and microbiological analyzes 

were performed on the 0, 3, 5, 7, 10 and 12th days of storage. 

Fatty Acid Analysis: Lipid analysis was performed 

according to the method of Bligh & Dyer (1959). Extracted 

lipid, fatty acids methyl esters were performed according to 

the method of Ichıhara et al. (1996) with minor 

modifications. 4 mL of 2M KOH and 2 mL of n-heptane 

were added to 25 mg of extracted oil sample. It was then 

vortexed for 2 minutes at room temperature and centrifuged 

at 4000 rpm for 10 minutes at 4 °C and the heptane layers 

were taken up for gas chromatography (GC) analysis. 

Microbiological analysis: Although frying 

processing destroys existing microorganisms in fish skin, 

microbiological analyzes were performed to determine the 

bacterial load that may occur during storage. Triplicate 

samples were taken for total Enterobacteriaceae, total 

aerobic mesophilic (TAMB), total aerobic psychrophilic 

bacteria (TAPB), Escherichia coli (Thompson et al., 1990) 

and Staphylococcus aureus (Schoeller and Ingham, 2001) 

counts. 90 ml of sterile Ringer solution (1/4 strength) to 10 

g of fish muscle was mixed with and then Stomached 

(Masticator Nr S18/420, IUL Instruments, Barcelona, Spain) 

for 3 min. More decimal dilutions were made, and then 0.1 

ml of each dilution was pipetted onto the face of plate count 

agar (Fluka 70152, Steinheim, Switzerland) plates in 

triplicate. Table 1 shows the bacteria groups and their plates. 

In the study, microbiological analyzes were done on fried 

fish crackers. 
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Table1. Plates and methods used for microbiological analysis. 

Microorganism Plate Incubation time 

TAMB Plate count agar (PCA) 30°C 72 hours 

TAPB Plate count agar (PCA) 6°C 10 days 

Enterobacteriaceae Violet Red Bile Agar 37°C 24 hours 

E. coli MUG added Mac Conkey Agar 30°C 24 hours 

S. aureus Baird Parker Agar  37°C 24-48 hours 

 

Sensory Analysis: Sensory evaluation for fried fish 

skin crackers was carried out according to the method of 

Paulus et al., 1979. The hedonoic scale used for fried fish 

skins is given in Table 2. The opinions of the panelist were 

assessed (12 men and 32 women with different geographical 

regions) for color, odour, flavor, texture and general 

acceptability scored to the given pages using 9-point hedonic 

scale (1 excessively dislike, 9 excessively like). Analyses 

were done in day conditions on each storage days by the staff 

members and 4th semester students of the Kırşehir Ahi 

Evran University/Turkey, Food Processing Department who 

are familiar with fresh fish. 

 

Table2. The hedonoic scale used for fried fish skins. 
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Statistical Analysis: SPSS 22 version software 

(Chicago, Illinois, USA) used for one-way variance analysis 

(ANOVA) and Duncan's Multiple Range Test. Calculations 

were done in triplicate and comparisons at a p-value of <0.05 

were carried out to point out significant differences. 

 

RESULTS AND DISCUSSION  

 

Figure 1 shows the sensory analyses of crackers 

obtained by rainbow trout, sea bream, and sea bass skins 

during storage. At the beginning of storage, all groups were 

close to 9 and off-flavors and off-odors were not detected. In 

the following storage days, the G1 group was separated from 

the other groups in terms of color, odor, taste and texture 

parameters. G2 and G3 groups were rejected in terms of 

general acceptability on the 10th day of storage, while G1 

group did not have any rejection points (bigger than 4). 

No coliform, E. coli and S. aureus were found in 

fish crackers during storage. However, TAMB and TAPB 

numbers tended to increase. Figure 2 shows the total 

mesophilic aerobic and psychrotrophic aerobic bacteria 

counts. 

The increasing of mesophilic aerobic bacteria in the 

G3 was higher than the G1 and G2. G1, a freshwater fish by-

product, showed a lower microbiological increase than other 

groups. For G1, the colony number was over 30 colony only 

on day 10th day of storage. 

 

 
Figure 1. Sensorial changes of cooked crackers during storage. Different letters (a - c) in the same column show significant differences (p 

<0.05). 

 

It is known that gram negative psychrotrophic 

bacteria cause the degradation of aerobically stored fresh 

fish at cold temperatures (Sallam, 2007). Initial TAPB 

counts were below dedection limit for all groups until the 

5th day. The highest value was 3.52 log CFU/g for G2 

group on 12th day of storage. TAPB values of groups were 

2.58 log CFU/g, 2.57 log CFU/g and 2.44 log CFU/g 

respectively on the 10th day of storage, where the G2 and 

G3 groups were sensually rejected. When sensory and 

microbiology data are analyzed at the same time, it is seen 

that G1 group performs better on all storage days. (Kaba et 

al., 2012) reported that the TAMB number did not exceed 
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5.29 log CFU/g and the TAPB number was below 10-1 

during storage in garfish meatballs which fried in 

sunflower oil after smoking. (Keser and İzci, 2020) 

reported that TAMB and TAPB values of meatballs made 

from rainbowtrout meat exceeded 7 log CFU/g level on the 

7th day of storage in the control group. In the present study, 

TAMB and TAPB numbers of all groups did not exceed 

3.52 log CFU/g during storage. 

 

 

 
Figure 2. Changes in the counts of mesophilic and 

psychrophilic bacteria of crackers during storage at 3±1C° 

(log CFU/g). 

 

Table 3 shows the % as a mean value of 27 fatty 

acids for three groups. The fatty acid compositions of 

groups were 21.56-24.59% (SFA), 41.43-45.18% 

(MUFAs) and 28.06-29.48% (PUFAs). Fatty acids 

occurring in the highest rates were myristic acid (C14:0, 

2.22-2.78%), palmitic acid (C16:0, 11.72-14.04%), 

palmitoleic acid (C16:1, 3.50-4.68%), stearic acid (C18:0, 

2.95–3.58%), oleic acid (C18:1n9 cis, 30.89-34.17%), 

linoleic acid (C18:2n6, 13.97-17.35%), EPA, (C20:5n3, 

2.20-2.96%) and DHA, (C22:6n3, 4.09-5.86%). 

Rainbow trout skin which had higher sensorial 

points was very rich in n-3 (PUFAs / 28.06%) like sea 

bream (29.48%) and sea bass (29.03%). These values are 

similar with our previous study (Özoğul et al., 2013) 

obtained with rainbow trout meat. The levels of SFAs 

between groups did not vary. PUFA/SFA value was found 

as 1.14 for G1, 1.39 for G2 and 1.32 for G3. These values 

are higher than the minimum value of PUFA/SFA 

recommended as 0.45 (HMSO, 1994). Palmitic acid 

(C16:0) was the primary SFA acid contributing 11.72%, 

13.79% and 14.04% of the total SFA content of lipids of 

rainbow trout, sea bream, and sea bass skins, respectively. 

Oleic acid (C18:1n-9) was the primary MUFAs accounting 

for 34.17% of total fatty acids for G1 while it contributes 

30.86% of total fatty acids for G2 and 32.39% for G3. 

Moreover, the level of oleic acid was significantly (p>0.05) 

higher for G1 group than others. But the level of linoleic 

acid (C18:2n6) was significantly lower for G1 with value 

of 13.97% while G2 and G3 had 17.35% and 16.76% 

linoleic acid. Our previous study (Özoğul et al., 2013) 

found the oleic acid value as 30.47% in trout muscle. In 

fact, this value is close to the G1 group found in the current 

study for fish skin. On the other hand (Cui et al., 2018) 

reported that the total polyunsaturated fatty acid 

concentrations were higher in skin than muscle for some 

fish species. 

 

Table 3. Fatty acid contents of rainbow trout, sea bream and sea 
bass skins (%). 

FA G1 x̄±Sd G1 x̄±Sd G1 x̄±Sd 

C12:0 5.74±0.02a 0.05±0.01b 0.03±0.00b 

C14:0 2.22±0.05b 2.78±0.07a 2.34±0.01b 

C15:0 0.14±0.08a 0.22±0.00a 0.20±0.00a 

C16:0 11.72±0.31b 13.79±0.28a 14.04±0.02a 

C17:0 0.22±0.06a 0.33±0.02a 0.26±0.01a 

C18:0 3.58±0.23a 2.95±0.08b 3.06±0.02b 

C20:0 0.17±0.07a 0.25±0.01a 0.22±0.00a 

C22:0 0.57±0.07a 0.61±0.01a 0.50±0.02a 

C24:0 0.25±0.04b 0.31±0.01b 1.31±0.00a 

∑ SFA* 24.59±0.35a 21.27±0.28b 21.94±0.01b 

  

C14:1 0.03±0.00c 0.13±0.00a 0.10±0.00b 

C15:1 0.04±0.03a ND ND 

C16:1 3.50±0.1c 4.68±0.05a 4.04±0.0b 

C17:1 0.05±0.03a 0.03±0.00a 0.03±0.00a 

C18:1n9 34.17±0.45a 30.89±0.30c 32.39±0.16b 

C18:1n7 3.47±0.11a 3.54±0.21a 3.50±0.00a 

C20:1n9 3.45±0.43a 1.84±0.02c 2.35±0.01b 

C22:1n9 0.46±0.01a 0.30±0.00c 0.42±0.00b 

C24:1n9 0.02±0.00a 0.03±0.00a 0.02±0.00a 

∑ MUFA** 45.18±0.26a 41.43±0.01c 42.85±0.16b 

    

C18:2 n6 13.97±0.76b 17.35±0.27a 16.76±0.06a 

C18:3 n6 0.16±0.04a 0.13±0.01a 0.10±0.00a 

C18:3 n3 4.01±0.06a 3.54±0.08b 3.53±0.04b 

C20:2 cis 0.22±0.05a 0.22±0.00a 0.14±0.00a 

C20:3n6 0.40±0.03a 0.37±0.00ab 0.32±0.00b 

C20:4n6 1.18±0.06a 0.75±0.00c 0.99±0.01b 

C20:5 n3 2.20±0.02b 2.90±0.01a 2.96±0.04a 

C22:2 cis 0.09±0.05a 0.15±0.01a 0.10±0.01a 

C22:6 n3 5.86±0.20a 4.09±0.13b 4.14±0.10b 

∑ PUFA*** 28.06±0.71a 29.48±0.23a 29.03±0.25a 

  

PUFA/SFA 1.14±0.05b 1.39±0.03a 1.32±0.01a 

∑ ω3 12.06±0.11a 10.52±0.04b 10.63±0.18b 

∑ ω6 15.70±0.83b 18.60±0.28a 18.17±0.06a 

∑ ω6 / ∑ ω3 1.27±0.04b 1.77±0.03a 1.71±0.02a 

DHA 5.86±0.20a 4.09±0.13b 4.14±0.10b 

EPA 2.20±0.02b 2.90±0.01a 2.96±0.04a 

DHA/EPA 2.67±0.12a 1.41±0.05b 1.40±0.02b 
*SFA: Saturated fatty acid, **MUFA: Monounsaturated fatty acid, ***PUFA: Polyunsaturated fatty 

acid. Different letters (a − c) in the same fraction shows significant differences (p < 0.05). G1: 
Rainbow trout, G2: Sea Bream, G3: Sea Bass, ND: Not dedected. 

 

Among the analyzed fish species, the highest 

DHA (C22:6n3) was obtained from G1, with value of 

5.86% while G2 and G3 had 4.09 and 4.14% of DHA. 

While the DHA value for G1 was lower than the level of 

10.29% found in trout meat (Özoğul et al., 2013), G2 and 

G3 were found to be close to sea bream (Magalhães et al., 

2020) and sea bass (Betancor et al., 2020) meat. But EPA 
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was significantly (p>0.05) higher in G2 and G3 groups than 

G1. It is known that EPA and DHA values of catched fish 

species can be higher than cultured fish species (Chen et 

al., 1995; Rahman et al., 1995). EPA is the most important 

essential fatty acid among the n3 series fatty acids for the 

human diet (Chen et al., 1995) and also DHA decreases the 

concentration of low-density lipoprotein cholesterol in 

plasma (Childs et al., 1990). Differences in fatty acids of 

rainbow trout, sea bream, and sea bass should not only be 

considered with respect to species habitat but also based on 

their natural diet. Although the species that analyzed in this 

study can be separated as marine and freshwater, it is 

known that all of them are culture fish. That is, all groups 

had fed with ready pellet feeds. Therefore, although there 

is a statistical difference between some parameters, fatty 

acid values are very close to each other. The highest 

sensorial score and EPA ratio in the G1 group indicate that 

rainbow trout skin is quite suitable for cracker production. 

However, the high level of omega 3 series fatty acids of 

fish skins usually discarded during consumption is 

thought-provoking in terms of consumption habits. 

Among the groups, the highest ratio of n6/n3 was 

found to be 1.77 for G2 followed by 1.71 for G3 and 1.30 

for G1. The ratios of n6/n3 found in this study were lower 

in G1, G2, and G3 than the maximum value of 4.0 

recommended by the UK Department of Health (HMSO, 

1994). Simopoulos (2010) reported that a ratio of 1:1 to 2:1 

ω6/ω3 fatty acids should be the ideal for human health. 

Also, DHA/EPA ratio was significantly higher in G1 

(2.67%) than G2 (1.41%) and G3 (1.40%). When the fatty 

acids and sensory analysis results are evaluated together, it 

is seen that the fish skin which is in the waste state during 

the canning and cooking processes, is an important source 

of fatty acids. Furthermore, trout skin can be said to have 

great potential in cracker production compared to the 

groups analyzed in this study. On the other hand cooking 

over 100 ° C damages omega 3 fatty acids and the degree 

of damage is known to vary with the time exposed to heat 

(Furnier et al., 2006). Therefore, methods should be 

worked on to increase the cooking time and reduce the 

temperature. 

 

CONCLUSION 

 

In this study, fatty acid profiles of raw fish skins 

were determined and the sensory and microbiological 

levels of the skins after frying process were analyzed. Even 

the panelists who do not normally consume fish liked the 

taste of fish crackers. According to current study results, 

although they have very important fatty acids, fish skins 

are seen as byproduct materials during processing or 

cooking. Study data will contribute to the transformation 

of fish by-products into industrial products. 
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