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INTRODUCTION  

 

    The consumption of fish and ready to eat fish products is considered a healthy 

source of protein, and is rich in polyunsaturated fatty acids, which are associated with 

several health benefits (Weichselbaum et al., 2013). However, some epidemiological 

studies have recently reported the link between excessive consumption of processed meat 

with various diseases. This link was particularly associated with consumption of 

takeaway and fast food, mainly because of their fat content and fatty acid composition 

(McAfee et al., 2010; Jaworowska et al., 2013). Shawerma is one of the most popular 

consumed fast-food, and is considered a traditional Middle East meat product. Shawerma 

is sometimes known as Döner kebab, gyro, donair, dona kebab and chawarma (Kilic, 

2003). Shawerma is a Levantine Arab dish consisting of meat cut into thin slices 

seasoned with salt, pepper, onions, cumin, allspice and thyme, stacked in a cone-like 
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The quality and effect of using two different recipes with and without fat 

(T1, T2, T3 and T4) of fish shawarma processed from little tuna 

fish (Euthynnus alletteratus) were determined during frozen storage at -

18ºC for three months. The analysis was carried out at an interval of 15 

days. A significant decrease  (P≤0.05) in the values of moisture, protein, 

lipid, and pH was correlated with increasing the duration of the frozen 

storage period. While ash and carbohydrate were significantly increased 

(P≤0.05) with an increasing storage period. The values of cooking loss, 

TVB-N, TMA-N and TBA were significantly increased (P≤0.05) after 3 

months of the frozen period. However, significant decreases (p≤0.05) of fish 

shawarma in the water holding capacity (WHC), cooking yield and 

microbial parameters occurred periodically during the frozen storage till its 

end. Sensory examination indicated that the cooked fish shawarma samples 

kept their integrity well. Panelists rated the color and taste of shawarma in 

the next ranking T1> T2> T3> T4, although shawarma samples were 

desirable, their color intensity was intense. In conclusion, the first recipe 

(T1) without adding fat was the best one, however, more researches on 

processing and improving the quality of fish shawarma are essential to 

provide an insight into the consumer’s purchasing patterns. 
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shape, and roasted on a slowly-turning vertical rotisserie or spit. Originally, it is made 

with lamb, mutton and chicken, today's shawarma may also use chicken, turkey, beef or 

veal, however, there is a lack of information in literature about possible usage of fish in 

the manufacture of shawerma (Simsek & Kilic, 2016). Kebab is a traditional Middle East 

meat product, which is consumed widely in many areas of the world (Kilic,  2003, Kilic, 

2009). It is a meat product with fat content ranging between 20-40% (Kilic & Richards, 

2003; Kilic, 2009).  A variety of kebab meat products (KMP)  is available in the market, 

such as doner or shawarma, shish, kofte and mixed doners. For example, doner kebab is 

reportedly a Turkish national dish (Döner kebab, literally “turning roast”) (LACORS, 

2009), slowly roasted on a rotating spit made mostly from intact muscle or ground lamb, 

beef and chicken meat and is seasoned with onion, tomato, and spices (Kayisoglu et al., 

2003; Kilic, 2009). It is also known by other names such as shawarma or chawarma, 

donna-kebab and gyro (Kayisoglu et al., 2003). Kebab meat products are popular in 

restaurants and fast-food outlets in the Middle Eastern countries, Turkey, Europe, Canada 

and the USA (Kilic, 2009). The kebab industry has gained popularity since it was first 

introduced to the UK in the 1960’s (LACORS, 2009).  

According to the 5
th

 British Kebab Awards 2017, there are over 20,000 Kebab outlets 

in the UK, selling around 2,500 tonnes of lamb and chicken doner a week, with an 

estimated production of 1.3 million kebabs sold every day. The British kebab industry 

contributes over £2.8 billion annually to the British economy, providing around 200,000 

jobs across restaurants, suppliers and into the wider food industry in the UK (British 

Kebab, 2017). The KMP are widely consumed in the UK and some other parts of 

Europe, and are considered one of the fastest growing sectors in the fast food market 

(Meldrum et al., 2009). These growing patterns are due to lifestyle changes taken place 

in the last few decades. Moreover, there is an increasing frequency of meals consumed 

outside of the home; even meals consumed at home are often from fast food outlets 

(Jaworowska et al., 2013). Little tunny or Euthynnus alletteratus is a pelagic species; 

one of the members of the Scombridae, which has a wide distribution in the world and is 

predominant in the Mediterranean Sea and the Black Sea (Belloc, 1955; Valeiras & 

Abad, 2007). It occurres in the Mediterranean catch all over the year but in more 

abundance during summer months (Sylva & Rathjen, 1961). The Egyptian 

Mediterranean catch of E. alletteratus fluctuated between 1302 and 1003 tonnes during 

the period extending from 2010 to 2018 (GAFRD, 2019).  

The aim of the present study was to investigate the use of little tuna (Euthynnus 

alletteratus) for producing ready-to-eat fish shawarma and evaluate the effect of using 

two different recipes (with and without fat) on the physicochemical, microbiological and 

the sensory qualities of the produced fish shawarma during a frozen storage at -18°C. 
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MATERIALS AND METHODS  

 

Fish samples 

Little tuna (Euthynnus alletteratus) fish samples were purchased from Alexandria city 

fish market, Egypt, and were immediately transferred in an ice box in 3 hours’ time to 

Fish Processing and Technology Laboratory, El-Kanater El-khairia, Fish Research 

Station, National Institute of Oceanography and Fisheries. Fish samples were carefully 

washed with tap water, beheaded, gutted, filleted, rewashed carefully and drained. 

Little tuna fish shawarma manufacturing  

Fish fillet were cut into 5 mm thick, 12 cm long and 6 cm wide rectangular shaped 

slices. The meat blocks (2 kg each) were prepared from randomly chosen little tuna 

fillets. Fish shawarma were processed according to two different formulas, the first was 

reported in Simsek and Kilic (2016) as follows: shawarma was formulated with yogurt 

10 %, salt 2%, whey powder 1%, black pepper 0.2 %, ginger powder 0.15 %, white 

pepper 0.2 %, cumin 0.15 %and onion powder 0.2 %. While, the second formula was 

reported in the study of Abd-El Aziz (2013) with some modifications as follows: little 

tuna slices were well mixed with 6.7% chopped onions, 1% spices blend, 1% salt, 3.3% 

vinegar, 7% water, 0.5% garlic and 6.6% UHT skimmed milk in bowl then stored at 4°C 

for 24 hrs. The spices blend was consisted of 42% black pepper, 23% cumin, 18% all 

spices, 5% ginger, 5% cardamom, 2% cubeb, 2% clove, 2% coriander and 1% red pepper. 

Raw shawarma (uncooked samples) slices were stored at -18 °C.   

Four different formulations of little tuna fish shawarma were processed as follows: 1
st
 

trial (T1) was performed according to the first formula without fat adding; the 2
nd

 trial 

(T2) was achieved according to the first formula but with the addition of fat ; the 3
rd

 trial 

(T3) was done according to the second formula but without adding fat  and the 4
th

 trail 

(T4) was done according to the second formula with fat adding. 

Analytical methods 

 Moisture, crude protein, fat and ash contents of little tuna fish shawarma were 

determined as described in the A.O.A.C. (2012). The pH value was determined as 

described in the study of Egbert et al. (1992). The determination of expressible water 

and WHC were determined following the method of Hennigar et al. (1988). Total 

volatile basic nitrogen (TVB-N) was determined according to the method of Pearson 

(1976). Trimethylamine-nitrogen (TMA-N) was assessed as described in A.O.A.C. 

(2012). Thiobarbituric acid (TBA) was fixed spectrophotometrically according to the 

procedure of Tarladgis et al. (1960). Fish shawarma was cooked properly at 425°F (218 

٥C) for 6 min after being spread on a surface of hot clean moved grill (Abd-El Aziz, 

2013). The total viable bacterial count (TVBC) and the total spore forming bacterial 

count were determined by using nutrient agar medium following the description of Oxoid 

(2006). The counts of yeasts and molds were determined according to ISO 21527-2 

(2008).  Data were expressed as the mean values of three replicates, and the standard 

deviations were statistically analyzed by performing analysis of variance technique 
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(ANOVA) using the statistical analysis system according to SAS (2008). Differences 

among means were compared using Duncan's multiple range test (1955) at a significant 

level of 95% (P≤0.05). 

 

RESULTS AND DISCUSSION 

 

The moisture, protein, lipid, ash and carbohydrates of fresh little tuna (Euthynnus 

alletteratus) fish samples were recorded as follows: 70.38, 22.07, 6.15, 1.43 and 0.56, 

respectively (Table 1). In general, the chemical composition of fish differs from one to 

the other depending on some factors, including environment, season, sex and age. The 

obtained results are in accordance with those of Muraleedharan et al. (1996), Murthy et 

al. (2019) and Badran et al. (2020). 
 

Table 1. Proximate composition of fresh little tuna fish (on wet weight basis) 

Item% mean values 

Moisture  70.38±0.73 

Protein  22.07±0.56 

Fat  6.15±0.84 

Ash  1.43±0.78 

Carbohydrate  0.56±0.19 

                                                       Means ± Standard error  

Table (2) shows that the TVB-N and TMA-N were 16.84 mg N/100g and 2.02 mg 

N/100g, respectively. These obtained results are lower than the permissible limits of 

TVB-N and TMA-N for the investigated fish. Connell (1995) reported that the limit of 

acceptability of fish is 20 to 30 mg N/100 g, while Kirk and Sawyer (1991) suggested 

values of 30 to 40 mg N/100 g with respect to the upper limit. Ghaly et al., (2010) also 

suggested a level below 25 mg/100mg as a border line for the TVB-N content for various 

fish and fish products chemical characteristics as well as TVB-N and TMA-N values that 

have been widely used to detect for protein degradation in fish. 

 From data presented in Table (2), the pH value was 6.35 of fresh little tuna fish.  This 

result is in accordance with that of Genina (2017) who found that the pH of fresh 

kapreeta (like tuna) fish flesh was 6.4. 
 

Table 2. Physicochemical and chemical quality characteristics of fresh little tuna fish 

Item mean values 

TVB–N ( mg/100g samples) 16. 84±0.89 

TMA-N( mg/100g samples) 2.02±0.57 

TBA (mg malonadehyde/kg) 0.58±0.47 

pH 6.35±0.66 

Water holding capacity % 47.86±0.98 

                                Means ± Standard error 
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Table 3. Change in proximate composition of little tuna fish shawarma samples as 

affected by different treatments during storage period for 90 day at -18±1 
Storage Period 

(days) 

Moisture content (%) 

T
1
 T

2
 T

3
 T

4
 

Zero 65.43
 aB

 ±0.59 58.16
aC

±0.28 65.63
 aA

 ±0.76 57.87
 aD

 ±0.44 

15 65.16
 bA

 ±0.73 57.77
bB

±0.88 65.18
 bA

 ±0.93 57.42
 bC

 ±0.66 

30 64.72
 cA

 ±0.54 57.32
 cC

±0.75 64.56
 cB

 ±0.48 56.05
 cD

 ±1.18 

45 64.15
 dB

 ±0.85 56.78
 dC

 ±0.81 64.38
 dA

 ±0.56 55.94
 dD

±0.77 

60 63.28
 eB

 ±0.89 56.49
 eC

 ±0.45 63.97
 eA

 ±0.42 55.41
 eD

 ±1.22 

75 63.14
 fB

 ±1.05 55.95
 fC

 ±0.93 63.89
 fA

 ±1.70 55.03
 fD

 ±0.45 

90 63.03
 gB

 ±1.82 54.91
 gC

 ±0.73 63.17
 gA

 ±0.87 54.82
 gC

 ±1.33 

Protein content (%) 

Zero 23.23
aB

±0.89 20.12
aC

±0.59 23.43
aA

±1.03 20.01
aC

±0.87 

15 22.92
bB

±0.45 19.62
bD

±0.87 23.13
bA

±0.32 19.89
aC

±0.96 

30 22.76
cA

±0.94 19.31
cD

±0.66 22.56
cB

±0.98 19.65
bC

±0.56 

45 22.43
dA

±0.34 18.96
dD

±0.93 21.42
dB

±0.38 19.43
bC

±44 

60 21.88
eA

±0.65 18.79
eD

±0.87 21.33
eB

±0.87 19.19
cC

±0.92 

75 21.44
fA

±0.45 18.46
fD

±0.77 20.99
fB

±0.93 18.93
dC

±2.03 

90 21.16
gA

±0.76 18.29
gD

±0.96 20.75
gB

±0.55 18.72
eC

±1.11 

Fat content (%) 

Zero 8.10
aC

±0.23 18.75
aA

±0.59 7.78
aD

±0.87 18.23
aB

±0.66 

15 7.83
bC

±0.87 18.50
bA

±0.83 7.58
bD

±0.74 18.15
aB

±0.73 

30 7.58
cB

±0.66 17.80
cA

±0.47 7.39
cC

±0.93 17.75
bA

±0.36 

45 7.37
dB

±0.89 17.77
cA

±0.98 7.24
dC

±0.27 17.68
bA

±0.42 

60 7.28
dC

±0.74 17.68
cA

±0.37 7.19
edC

±1.09 16.63
cB

±1.34 

75 7.19
eB

±1.04 16.59
dA

±0.54 7.10
eB

±0.30 16.52
cA

±0.65 

90 7.02
fC

±0.39 16.15
eB

±0.89 7.00
eC

±0.84 16.37
dA

±1.34 

Ash content (%) 

Zero 2.58
gAB

±0.23 2.13
gC

±0.89 2.48
fB

±1.26 2.98
gA

±0.16 

15 3.30
fB

±0.76 3.15
fC

±0.36 3.36
eB

±0.23 3.56
fA

±0.76 

30 4.06
eC

±1.66 4.46
cB

±0.68 4.54
dB

±0.23 5.48
eA

±0.59 

45 4.98
dD

±1.33 5.25
dC

±0.99 5.80
cA

±0.23 5.60
dB

±0.87 

60 6.33
cB

±0.28 5.48
cD

±0.58 6.13
bC

±0.96 6.81
cA

±0.64 

75 6.16
bB

±0.89 6.83
bA

±0.97 6.18
bB

±1.23 6.99
bA

±0.43 

90 6.33
aD

±0.44 7.80
aA

±0.76 6.96
aC

±0.29 7.17
aB

±0.25 

Carbohydrate content (%) 

Zero 0.66
fB

±0.57 0.84
gA

±0.99 0.68
fB

±0.87 0.91
fA

±0.45 

15 0.79
eB

±0.88 0.96
fA

±0.34 0.75
fB

±1.59 0.98
fA

±0.79 

30 0.88
eB

±0.59 1.11
eA

±0.54 0.95
eB

±0.88 1.07
eA

±0.83 

45 1.07
dC

±0.77 1.24
dB

±0.67 1.16
dB

±0.46 1.35
dA

±0.75 

60 1.23
cD

±1.98 1.56
cB

±0.34 1.38
cc

±0.79 1.96
cA

±0.87 

75 2.07
bC

±0.44 2.17
bB

±0.87 1.84
bD

±0.65 2.53
bA

±1.05 

90 2.46
aB

±0.87 2.85
aA

±0.65 2.12
aC

±0.48 2.92
aA

±0.75 

Where: T1: Prepared with Formula (1) sample without fat; T2: Prepared with Formula (1) sample without 

fat Formula (1) sample with fat;    T3: Prepared with Formula (2) sample without fat; T4: Prepared with 

Formula (2) sample with fat. 

 - Means of triplicate ± Standard Deviation (SD). 
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 - Means followed by different small letters in the same column (effect of storage period) are significantly 

by Duncan´s multiple tests (p≤0.05).  

- Means followed by different capital letters in the same raw (effect of samples) are significantly by 

Duncan´s multiple tests (p≤0.05). 

 

The WHC mean value in little tuna fish was 47.86%. Whereas, water holding ability 

was inversely proportional with percentage of calculated WHC according to free water 

loss when the determination was carried out. The free water of little tuna fish was 

24.50%. The variation in % WHC could also be discussed based on the fat content of 

species of fish. As shown in Table (3), the moisture content of fish shawarma samples 

decreased periodically from 65.43, 58.16, 65.63 and 57.87% on zero time to 63.03, 54.91, 

63.17 and 54.82% after 90 days of T1 ,T2, T3 and T4, respectively. The changes in the 

moisture content are one of the problems in the technology of fish products. The decrease 

in moisture content could be related to the denaturation and aggregation of protein and 

loss of water by evaporation, besides the sublimation of ice in frozen storage and the loss 

of drip during thawing . Similar findings were reported in the studies of Gomma (2005), 

Ibrahim and El-Sherif (2008) and Gandotra et al. (2012). Moreover, these results agree 

with the findings in works conducted on fish products processed from other types of fish. 

Orban et al. (2002) and Benjakul et al. (2005) reported a decrease in total moisture 

content in sea bass (Dicentrarchus labrax) fillets during frozen storage.  

 Significant decreases (p≤0.05) were noticed in the protein content of all samples 

during the storage period, recording a decline from 02.01-23.43, while values reached 

18.29-21.16 at the end of the frozen storage, respectively. These decreases might be 

attributed to the continuous hydrolysis of protein as affected by proteolystis enzyme, 

which lead to the formation of simple nitrogenous compounds and protein denaturation. 

These results coincide with those of Sudip et al. (1985) and El mossalami and Emara 

(1999).  

The results in table (3) showed that, sample in T2 was dusting wished by the highest 

fat contact being 18.75% followed by T4 (18.23%)  at zero time, While samples inT1 and 

T3 were marked by the lowest fat content being 7.83 and 7.85% respectively. These 

values were step by step dominated, reaching 7.02, 16.15, 7.00 and 16.37 for T1, T2, T3 

and T4, respectively, at the end of storage period which reflects significant differences 

(p≤0.05) between all samples. The decrease in fat content may be due to the oxidation 

and hydrolysis of lipids, which resulted in the formation of some volatile compounds as 

aldehydes and ketones. This finding concurs with those of Gandotra et al. (2012) and 

Simsek and Kilic (2016). 

Furthermore, table (3) shows that an increasing trend was generally noticed in the ash 

content of the different samples during storage period. Significant differences (p≤0.05) 

were detected in the ash content of all samples.  Treatment4 recorded the highest value in 

ash content at both the inception and the end of the storage period. Similar observation 

was found during frozen storage of some fish products (Ibrahim & El-Sherif, 2008). 
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The remaining percentage of the chemical composition of a given food product is likely 

to be that of the carbohydrate. The carbohydrate content of little tuna fish products during 

frozen storage was calculated using difference methods, and data obtained are presented 

in Table (3). It gradually and significantly increased (p≤0.05) during frozen storage 

showing a significant difference (p≤0.05) in its content of all the samples. The effect of 

frozen storage on pH values, WHC, cooking loss and cooking yield of little tuna fish 

shawarma are shown in Table (4).  
 

Table 4. Physicochemical and cooking quality of little tuna fish shawarma samples 

during frozen storage at -18 ºC 

Storage period (days) 
pH values 

T
1
 T

2
 T

3
 S

4
 

4Zero 6.12aA 6.12aA 5.83aB 5.82aB 

15 5.42bA 5.41bA 5.33bAB 5.23bB 

30 5.18cA 5.16cA 5.06cB 5.01cB 

45 4.92dA 4.94dA 4.81dB 4.77dB 

60 4.77eA 4.79eA 4.66eB 4.62eB 

75 4.56fA 4.52fA 4.43fB 4.41fB 

90 4.33gA 4.29gA 4.15gB 4.12gB 

Water holding capacity (%) 

Zero 54.84aA 50.74aC 54.44aB 50.66aC 

15 54.15bA 49.19bC 53.55bB 49.54bC 

30 52.92cA 48.56cC 52.48cB 47.15cD 

45 50.95dA 46.52dC 49.76dB 45.64dD 

60 49.58eA 44.27eC 47.52eB 42.08eD 

75 46.29fA 40.49fC 44.65fB 39.77fD 

90 40.65gA 38.65gC 40.22gB 37.19gD 

Cooking yield (%) 

Zero 86.43aA 85.31aB 86.34aA 85.32aB 

15 85.37bA 84.33bC 84.48bC 85.18bB 

30 83.11cD 84.17cB 84.06cC 84.31cA 

45 83.03dC 83.11dC 83.44dB 83.65dA 

60 82.25eA 81.75eC 82.01eB 81.27eD 

75 81.63fA 80.83fB 81.52fA 80.45fC 

90 81.45gA 77.11gC 80.27gB 76.65gD 

Cooking loss (%) 

Zero 13.57gB 14.69gA 13.66gB 14.68gA 

15 14.63fC 15.67fA 15.52fB 14.82fC 

30 16.89eA 15.83eC 15.94eB 15.69eD 

45 16.97dA 16.89dA 16.56dB 16.35dC 

60 17.75cD 18.25cB 17.99cC 18.73cA 

75 18.37cD 19.17bB 18.48bC 19.55bA 

90 18.55aD 22.89aB 19.73aC 23.35aA 

Where: T1: Prepared with Formula (1) sample without fat; T2: Prepared with Formula (1) sample without 

fat Formula (1) sample with fat;    T3: Prepared with Formula (2) sample without fat; T4: Prepared with 

Formula (2) sample with fat.  

 - Means of triplicate  

 - Means followed by different small letters in the same column (effect of storage period) are significantly 

by Duncan´s multiple tests (p≤0.05).  

 - Means followed by different capital letters in the same raw (effect of samples) are significantly by 

Duncan´s multiple tests (p≤0.05). 
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It could be observed that, frozen storage temperature (-18°C) had a significant 

effect on these parameters. The pH values of T1, T2, T3 and T4 of little tuna fish 

shawarma were 6.12, 6.12, 5.83 and 5.82 at zero time, then they were reduced to show 

values of 4.33, 4.29, 4.15 and 4.12, respectively at the end of frozen storage. 

Additionally, the WHC values of T1, T2, T3 and T4 of samples were 54.84, 50.74, 54.44 

and 50.66% at zero time, then reduced showing the following values: 40.65, 38.65, 40.22 

and 37.19%, respectively at the end of frozen storage. On the other hand, the cooking loss 

showed a significant increase during the frozen storage of T1, T2, T3 and T4 of little tuna 

fish shawarma which recorded 13.57, 14.69, 13.66 and 14.68% at zero time, then it 

gradually increased to 18.55, 22.89, 19.73 and 23.35%, respectively at the end of frozen 

storage. Accordingly, the cooking yield values of T1, T2, T3 and T4 of little tuna fish 

shawarma decreased from 86.43, 85.31, 86.34 and 85.32 % at zero time to 81.45, 77.11, 

80.27 and 76.65%, respectively at the end of frozen storage. 
 

Table 5. Chemical quality criteria of little tuna fish shawarma samples during frozen 

storage at -18 ºC  
 

Where: T1: Prepared with Formula (1) sample without fat; T2: Prepared with Formula (1) sample without fat Formula 

(1) sample with fat;     T3: Prepared with Formula (2) sample without fat; T4: Prepared with Formula (2) sample with 

fat  

 - Means followed by different small letters in the same column (effect of storage period) are significantly by Duncan´s 

multiple tests (p≤0.05).  

- Means followed by different capital letters in the same raw (effect of samples) are significantly by Duncan´s multiple 

tests (p≤0.05). 
 

Chemical properties of little tuna fish shawarma, affected by different treatments and 

storage period for 3 months at -18±1ºC, are illustrated in Table (5). It could be clearly 

Storage period 

(days) 

Total volatile basic nitrogen (TVB-N) 

T1 T2 T3 T4 

Zero 18.53gC 18.8gA 18.65gB 18.38gD 

15 19.74fA 19.42fB 19.83fA 19.57fB 

30 20.19eA 19.68eA 20.21eA 19.82eB 

45 20.63dC 20.38dD 20.94dA 20.82dB 

60 21.26cC 21.90cA 21.66cB 21.42cD 

75 24.70bC 23.15bD 25.11bA 24.88bB 

90 26.57eB 25.68eD 27.19aA 26.11aC 

Trimethylamine nitrogen (TMA-N) 

Zero 3.65fC 3.75eB 3.75fB 3.86fA 

15 3.88eA 3.83dA 3.88eA 3.93fa 

30 4.15dB 4.42cA 4.18dB 4.52eA 

45 4.38cB 5.54bB 4.46cB 4.70dA 

60 5.42cC 5.60bB 5.53cB 5.83cA 

75 5.76bB 5.96aA 5.78bB 6.05bA 

90 5.80aB 6.15aA 5.93aB 6.20aA 

TBA as (mg malonadehyed /kg samples) 

Zero 0.66gB 0.84fA 0.68eB 0.91fA 

15 0.79fB 0.96eA 0.75eB 0.98eA 

30 0.88eB 1. 01eA 0.95dA 1.07eA 

45 1.07dC 1.24dB 1.16cCB 1.35dA 

60 1.23cC 1.56cA 1.38bB 1.66cA 

75 1.86bC 2.17bA 1.93aBC 2.01bB 

90 2.46aB 2.85aA 2.03aC 2.92aA 
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noticed that, TVB-N, TMA and TBA were significantly increased being affected by 

freezing conditions. TVB-N values of T1, T2, T3 and T4 of little tuna fish shawarma 

were 18.53, 18.80, 18.65 and 18.38 mg/100g at zero time, then increased to 26.57, 25.68, 

27.19 and 26.11 mg/100g, respectively at the end of frozen storage. In addition, TMA 

values of T1, T2, T3 and T4 of little tuna fish shawarma were 3.65, 3.75, 3.75 and 3.86 

mg/100g at zero time, then increased to 5.80, 6.15, 5.93 and 6.20 mg/100g, respectively 

at the end of frozen storage. Similarly, the TBA values of T1, T2, T3 and T4 of little tuna 

fish shawarma were 0.66, 0.84, 0.68 and 0.91 mg MDA/kg at zero time, then they 

increased to 2.46, 2.85, 2.03 and 2.92, mg MDA/kg, respectively at the end of frozen 

storage.  

The increases in TVBN content of fish shawarma samples, with increased frozen 

storage time, could be related to the increased protein degradation by muscle enzymic 

activity. In this regard, muscle proteins are decomposed into ammonia, hydrogen sulfide 

and ethyl mercaptan etc. which together make up TVBN (Huang, et al., 2014). 

Regarding to TMA, Sotelo et al. (1995) suggested that some residual bacterial activity 

could still be found at temperatures slightly below zero. However, the TMA increase  

observed at -10 °C and -18 °C was probably related to enzymatic degradation. According 

to the formation of TMA during the frozen storage of crustaceans can also be attributed to 

the biochemical breakdown of proteins and non-protein nitrogen (NPN) compounds. 

 

Microbiological quality of fish shawarma  

It could be clearly noticed from Table (6) that, the total bacterial count, yeast & 

molds, spore forming bacteria and total coliform were significantly decreasedbeing  

affected by freezing conditions.  

Table 6. Microbiological analysis of little tuna fish shawarma during frozen storage at -

18 ºC 

Storage period (days) 
Total plate counts (log cfu/g) 

T1 T2 T3 T4 

Zero 4.38 4.10 4.36 4.13 

15 4.20 4.00 4.18 4.06 

30 3.95 3.86 3.96 3.88 

45 3.82 3.68 3.80 3.74 

60 3.51 3.30 3.55 3.18 

75 3.34 3.15 3.36 3. 00 

90 3.06 2.96 3.01 2.98 

Yeast and mold counts (log cfu/g) 

Zero 2.88 2.60 2.74 2.54 

15 2.82 2.59 2.60 2.49 

30 2.71 2.48 2.53 2.43 

45 2.66 2.40 2.46 2.40 

60 2.53 2.26 2.38 2.34 

75 2.28 2.01 2.30 2.18 

90 2.15 1.98 2.24 2.10 
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Spore forming bacterial counts (log cfu/g) 

Zero 2.30 2.15 2.36 2.19 

15 2.08 2.00 2.10 1.98 

30 1.94 1.89 2.00 1.86 

45 1.80 1.66 1.89 1.47 

60 1.74 1.40 1.69 1.36 

75 1.48 1.22 1.40 1.18 

90 1.22 1.02 1.28 1.06 

Total coliform count (log cfu/g) 

Zero 2.15 2.08 2.06 2.00 

15 2.02 1.98 2.01 1.88 

30 1.89 1.70 1.86 1.75 

45 1.70 1.62 1.74 1.69 

60 1.55 1.42 1.60 1.47 

75 1.48 1.28 1.40 1.29 

90 1.35 1.16 1.34 1.13 

Where: T1: Prepared with Formula (1) sample without fat; T2: Prepared with Formula (1) sample without fat Formula 

(1) sample with fat;     T3: Prepared with Formula (2) sample without fat; T4: Prepared with Formula (2) sample with 

fat. 

Total bacterial count values of T1, T2, T3 and T4 of little tuna fish shawarma were 

4.38, 4.10, 4.36 and 4.13 log cfu/g at zero time, then gradually decreased to 3.06, 2.96, 

3.01 and 2.98 mg/100g, respectively at the end of frozen storage. Yeast & molds counts 

of T1, T2, T3 and T4 samples were 2.88, 2.60, 2.74 and 2.54 log cfu/g at zero time, then 

gradually decreased to 2.15, 1.98, 2.24 and 2.10 log cfu/g, respectively at the end of 

frozen storage. In the same way, spore forming bacteria counts of T1, T2, T3 and T4 of 

samples accounted 2.30, 2.15, 2.36 and 2.19 log cfu/g at zero time, then generally 

decreased to 1.22, 1.02, 1.28 and 1.06, log cfu/g, respectively at the end of frozen storage. 

The total coliform counts of T1, T2, T3 and T4 of little tuna fish shawarma were 2.15, 

2.08, 2.06 and 2.00 log cfu/g at zero time, then decreased to 1.35, 1.16, 1.34 and 1.13, log 

cfu/g; respectively at the end of frozen storage. It could be noticed that the values of 

TVBC are considerably lower than the maximum limit (7 log cfu/g) of the 

microbiological criteria of fresh fish given by the International Commission 

Microbiological Specification for Food (ICMSF, 1978). The obtained data indicate that, 

after 3 months of frozen storage, the total viable bacterial counts in little tuna fish 

shawarma samples did not exceed the limit recommended by ICMSF (1978). Similar 

findings were reported by Tokur et al. (2006) and Izci, et al. (2011). Furthermore, 

Simsek and Kilic (2016) found a significant reduction in total coliform bacteria count 

and total mesophilic aerobic bacteria accomplished with the cooking process (P≤0.05). 

Additionally, Al-Bulushi et al. (2005) reported a significant reduction of coliform 

bacteria in fish burgers during storage at −20°C. 

Sensorial properties of little tuna fish shawarma 

Fig. (1) clarifies the sensorial properties of little tuna fish shawarma  affected by 

different treatments and storage period for 3 months at -18±1ºC. The results generally 

indicate that, the sensorial quality properties (color, tenderness, juiciness, taste, flavor and 
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overall acceptability) of little tuna fish shawarma affected by different treatments and 

storage period for 3 months at -18±1 ºC were significantly and gradually increased in 

relation to the prolonged period of shelf-life.  

  
Fig. 1. Sensorial properties of little tuna fish shawarma as affected by different treatments 

and storage period for 3 months at -18±1ºC 

  

CONCLUSION 

 

Our results suggest the possibility of little tuna (Euthynnus alletteratus) to be used in 

ready-to-eat fish shawarma production within the scope of a healthy food source for 

consumers. Because of various health concerns, the fast-food industry has been searching 

for healthier fast-food products to satisfy consumer demands. In this essence, it was 

determined that fish shawarma has the advantage of possessing high amounts of protein 

and low fat content. In addition, a high sensory quality in fish shawarma is also 

satisfactory. The first recipe was the best one according to its sensory evaluation, 

however more researches on processing and improving the quality of fish shawarma are 

essential to provide a deep insight into the consumer’s purchasing patterns. 
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 أطَبك اىنبزيج حقييٌ جىدة وطالٍت شبورٍب

 

ٍحَذ ٍجذي ٍصطفً خالف
1
، ٍَذوح اىقييىبي 

1
، عبذ اىزحَِ طعيذ حعيب 

2
بح عبذاىنزيٌ عبذاىفخبح، عبذاىفخ

1
و  

شيَبء ٍحَذ أبى طبىب
1

   

1 
 .قظٌ عيىً األغذيت ، مييت اىشراعت ، جبٍعت عيِ شَض

2
 ٍعَو حنْىىىجيب وحصْيع األطَبك ، شعبت اىَصبيذ ، اىَعهذ اىقىٍي ىعيىً اىبحبر واىَصبيذ ، اىقبهزة ، ٍصز 

 

 اىَيخص

قبو عييهب اىَظخهيل في حصْيع  بعط يت اىجىدة واىخي ال اىي االطخفبدة ٍِ اطَبك اىنبزيج ٍْخفضاىبحذ هذف ي

ٍقبرّت حأريز اطخخذاً وصفخيِ ٍخخيفخيِ عيً خصبئص اىطهي ، اىَْخجبث اىظَنيت ٍزو شبورٍب اىظَل حيذ حٌ  

درجت ٍئىيت  11- ييأرْبء اىخخشيِ اىَجَذ ع  ىيَْخجاىصفبث اىفيشيبئيت واىنيَيبئيت واىَينزوبيىىىجيت واىحظيت 

أظهزث اىْخبئج اىَخحصو عييهب حذود أّخفبض ٍعْىي فً ٍحخىي مال ٍِ اىزطىبت و اىبزوحيِ  . رالرت أشهز ىَذة

ٍحخىي اىزٍبد و اىنزبىهيذاث مال ٍِ سيبدة ٍعْىيت فً  ومَب حذد .واىذهِ وقيَت األص اىهيذروجيْي وفبقذ اىطهي

خاله  TBA , TMA-N , TVB-N, pHه خاله اىخخشيِ. دىج اىْخبئج عيً أُ هْبك سيبدة ٍعْىيت فً قيٌ ا

( وريع اىطهي WHCاىخخشيِ ببىخجَيذ،  مَب ىىحع حذود إّحفبض ٍعْىي فً قيٌ اىقذرة عيً األرحببط ببىَبء )

حٌ حظجيو اىعذد اىنيي ىيبنخيزيب ، وعذد اىخَبئز واىفطزيبث ، وعذد ذ. واىذالئو اىَينزوبيت أرْبء اىخخشيِ اىَجَ

 ,T1شبورٍب أطَبك اىنبزيج ىيَعبٍالث األربعت )في  يٌ ، واىعذد اىنيي ىيبنخيزيب اىقىىىّيتاىبنخزيب اىَنىّت ىيجزار

T2, T3, T4). اىعبً واىيىُ ببىْظبت ىيقبىه  ٍزغىبت ٍب مبّج أظهزث ّخبئج اىخقييٌ اىحظي اُ عيْبث اىشبور

ىْخبئج إىً أُ عيْبث شبورٍب . مَب إشبرث اعيي أعيي اىذرجبث في اىخقيٌ اىحظي   (T1واىطعٌ وحصيج اىعيْت ) 

. و يَنِ اىقىه ببُ مبّج اىخيطت اىَينزوبيىىىجيت حخي ّهبيت فخزة اىخخشيِطَل اىنبزيج حبفظج عيً طالٍخهب 

و حظيب ويجب إجزاء اىَشيذ ٍِ األبحبد ىخحظيِ جىدة شبورٍب هي االفض (T1) االوىي غيز اىَضبف اىيهب اىذهِ 

 يل ىهب.االطَبك ىشيبدة درجت قبىه اىَظخه


