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Summary. The effect of garlic peel extract (GPE) on the quality of anchovy (Engraulis engrasicholus L., 1758) 
burgers during cold storage was investigated. GPE was able to prevent lipid oxidation compared to control, 
since the scores of PV, TBARS and pH of the burgers supplemented with GPE showed lower values. The 
lowest TVC and PBC values were observed in the burgers treated with GPE, especially in the burgers treated 
%4 GPE. Sensory results showed that the use of 2% and 4% garlic peel extract extended the shelf life of an-
chovy burgers for 3 days.
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Introduction

Ready-to-cook meat products are in demand in 
all parts of the world (1). Among ready-to-cook meat 
products, burgers produced from beef, poultry and 
fish meat are the most popular in the world. Fishery 
products such as fish burger, fish fingers, fish cake are 
developing newly in Turkey and fish burgers are pro-
duced commercially. 

The most important and popular fish species in 
Turkey is anchovy (Engraulis engrasicholus L., 1758) 
and it constitutes 58.62% of the fish caught from sea 
in Turkey. According to TUIK (2) data, total amount 
of marine fish obtained from catching is 269.676 tons 
and 158.093 tons of this figure is composed of an-
chovy. Anchovy is generally classified as fatty fish and 
contains high essential amino acids and high content 
of long-chain polyunsaturated fatty acids (PUFA) and 
monounsaturated fatty acids (MUFA) which make 
it prone to oxidation (3, 4). On the other hand, the 

 processed meat products such as meat and fish burgers 
are sensitive to oxidation due to the grinding process 
(5). Due to lipid oxidation and protein denaturation 
undesirable changes are observed in storage of seafood 
products (6). Various natural antioxidants have been 
used to prevent the lipid oxidation in food systems and 
among those garlic (Allium sativum), belongs to family 
Alliaceae, has a high antioxidant activity (7, 8, 9, 10). 

Although garlic (Allium sativum) has been known 
well, garlic peel has received little attention. Because 
garlic peel is not edible part of garlic, so they are treat-
ing as an industrial waste (11). In fact, some studies 
showed that garlic peel has a high antioxidant activity 
(11,12). Ichikawa et al. (12) found that garlic skin has 
a strong DPPH radical scavenging activity, and identi-
fied six phenylpropanoid derivatives from the extract 
as primary antioxidant constituents. Garlic peel con-
tains proteins, lipids, lignin, mannitol, polysaccharides 
and high amount of pectin (27%). They also contain 
p-coumaric acid, ferulic acid, and sinapic acid (13).
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Therefore, in this study it was intended to deter-
mine the effects of garlic peel extract on the oxidative 
stability, microbiological and sensorial quality of an-
chovy fish burgers stored at +4±1°C for 18 days.

Material and Methods

Extraction of garlic peels

Garlic peels (GPs) were provided from the local 
markets in Nigde, Turkey. The peels were washed twice 
in tap water and dried at 45°C for 48 h. After drying, 
the peels were ground into powder with a blender. The 
extraction procedure was conducted according to Ifesan 
et al. (11). GPs powder and ethanol solvent (80 %) were 
stirred (1:10, g: mL) in a flask for 24 h. After extraction 
procedure, the garlic peel extracts (GPE) were filtered 
and concentrated by using rotary evaporator (IKA, 
HB-10 digital, Germany) at 45°C under vacuum.

Preparation of fish burgers

Anchovies (Engraulis encrasicolus) were purchased 
from a local market in Nigde, Turkey. Fish were trans-
ported to the laboratory in polystyrene ice boxes in 
1 hour. Then anchovies were gutted beheaded and 
washed. The fish were minced with a meat mixer and 
divided into three groups (Control, G2 and G4).  Burger 
preparation was conducted according to method of 
Tokur et al. (14) with slight modifications (Table 1).  
There were twenty-eight fish burgers in each group at 
a weight of approximately 50 g each. 

Garlic peel extract, along with other ingredients, 
was added to the G2 and G4 groups in concentration 
of 2% and 4%, and mixed well by a mixer. Control 
group did not contain GPE. After mixing, burgers 
were shaped by shaper. All samples were placed in 
styrofoam plates and covered with stretch film. Then 
stored at 4±1°C for 18 days and subjected to quality 
analysis during the storage period.

Physicochemical analysis

For the pH value determination, the probe of the 
pH-meter (Thermo Scientific Orion 2-star, Germany) 
was dipped into the fish homogenates prepared with 
distilled water (1:1, w:v) (15).

Peroxide value (PV) was determined according to 
method of AOAC (16). 30 mL of chloroform:glacial 
acetic acid (3:2, v:v) solution was added into 2 g sam-
ple.  After addition of 1 mL of saturated potassium 
iodide (KI) solution the mixture was stored in a dark 
place for 5 min. Then 75 mL of distilled water was 
added and the mixture was titrated with sodium thio-
sulfate (Na2S2O3) (0.1M) with the addition of starch 
solution as an indicator. The results were calculated as 
meq O2/kg. 

Thiobarbituric acid reactive substances 
(TBARS) analysis was conducted using the method 
of Tarladgis et al. (17). 10 g of sample was distilled 
with 2.5 mL HCl and distilled water (1:2, v:v). 5 mL 
of the distillate was mixed with 5 mL thiobarbituric 
acid (TBA) reagent in the stoppered test tubes. Then 
tubes were put in a water bath at 110°C for 35 min 
for the color reactions. The absorbance was meas-
ured with spectrophotometer (Shimadzu UV 160A, 
Tokyo, Japan) at 538 nm against a blank solution. 
The results were expressed as mg malonaldehyde/kg 
fish flesh. 

Microbiological analyses

Fish burger sample (10 g) was mixed with 90 mL 
pre-chilled sterile ringer solution. Further decimal se-
rial dilutions were used from this homogenate. For the 
determination of total viable counts (TVC) and total 

Ingredients Percentages

Minced anchovy meat 86.2

Corn flour 7

Wheat flour 5

Salt 1.3

Sugar 0.5

Total 100

Table 1 Formulation of fish burger (%)
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psychrophilic bacteria (TPB) Plate Count Agar (PCA) 
was used. Then the plates were incubated at 37°C for 
24-48 h and 8°C for 7 days, respectively. 

Sensory analysis

Sensory evaluation of fish burgers was performed 
according to the method of Paulus et al. (18). Fish 
burgers were grilled at 350°C for 5 min and served to 
six panelists by using 9-point hedonic-scale. A score of 
9 represents ‘very good quality’, a score of 7-8, ‘good 
quality’, a score of 5-6 ‘acceptable’, while a score of 1-4 
was regarded as ‘bad or unacceptable’. 

Statistical analysis

All measurements were performed in triplicate 
and analysis was carried out using the SAS software 
(Statistical Analysis System, Cary, NC, USA). Vari-
ance analysis (ANOVA) was used to evaluate the 
data and 5% significance level of Duncan’s test was 
based to compare the differences between means of 
parameters.

Results and Discussion

pH value

Changes in the pH value of anchovy (Engraulis 
engrasicholus L., 1758) fish burgers during cold storage 
are shown in Figure 1. Fluctuations were observed in 
pH values of all anchovy burgers throughout the stor-
age period. Among the treatments, the pH values of 
the fish burgers containing GPE were lower than those 
of the control samples (P<0.05). The lower pH in an-
chovy burgers supplemented with GPE may be due to 
the presence of antimicrobial ingredients in GPE (19), 
increase in the pH value of the control group may be 
due to alkaline substances such as ammonia produced 
from bacteria (20). While the pH value of the control 
group tended to increase during the storage period, 
this value increased nine days of storage and then be-
gan to decrease in G2 group. Similarly, pH value of 
the G4 group increased only six days of storage then 
decreased and remained same as its initial value. Initial 
and last pH values of GPE added fish burgers were the 
same and this situation may verify that GPE has the 

Figure 1. Changes in pH values of anchovy burgers treated with garlic peel extract (GPE) during 18 days of storage at 4°C.  
*  Control: without treatment, G2: 2% GPE treated group; G4: 4% GPE treated group
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potential microbial inhibitory activity on the growth 
of spoilage microorganisms that metabolizing basic 
nitrogen compounds due to its antimicrobial con-
tents (11, 19). Similar results were observed by Tokur 
et al. (14) and Guan et al. (20). Fernandes et al. (21) 
found that lamb burgers containing oregano extracts 
at different concentrations had lower pH values than 
the control burgers after 120 days of frozen storage. 
In contrast, Guan et al. (20) reported that addition of 
sage, oregano and grape seed extract treatment stabi-
lized the pH value in hairtail fish balls during storage 
at 4°C.

Peroxide value (PV)

The primary oxidation products of lipid oxida-
tion are peroxides and hydroperoxides break down to 
aldehydes, ketones and alcohols causing off-flavour 
in products (22). Initial peroxide values of anchovy 
samples were determined as 0.2 meq O2/kg and in-
creased 3.79, 3.34 and 2.65 meq O2/kg in the control, 
G2 and G4 samples, respectively (Figure 2) at the end 

of the storage. The limit value of 8.0-10 meq O2/kg 
(23) was not exceeded in anchovy burgers during the 
storage period. There was a significant difference be-
tween the anchovy burgers treated with 2% and 4% 
GPE (P<0.05). Peroxide values of GPE added ancho-
vy burgers were lower than those of the control due 
to the free radical scavenging activity of GPE. Lowest 
peroxide values were observed in 4% GPE treated an-
chovy burgers during storage period (P<0.05). It can 
be concluded that addition of high concentration of 
GPE can retard the lipid oxidation in anchovy burgers.

The oxidative protection of GPE comes from its 
flavonoid and diallyl sulfide contents (24, 25). Simi-
larly, Hassanpour et al. (26) reported that minimum 
peroxide value was found in dill extract added fish 
burgers during six months of refrigerated storage. Cao 
et al. (19) found that mixing of ginger, garlic and on-
ion extracts retarded lipid oxidation in stewed-pork. 
Ucak et al. (27) investigated the effects of rosemary ex-
tract on the mackerel fish burgers stored at 4°C for 15 
days and they reported that higher peroxide value was 
obtained from the control group during the storage 

Figure 2. Changes in peroxide values (PV) (meq/kg) of anchovy burgers treated with garlic peel extract (GPE) during 18 days of 
storage at 4°C. * Control: without treatment, G2: 2% GPE treated group; G4: 4% GPE treated group
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 period.  Al-Bulushi et al. (28) reported that the perox-
ide value of Arabian Sea meagre fish burgers increased 
from week 4 till week 8, and then became stable to the 
end of storage. 

Thiobarbituric acid reactive substances (TBARS)

Thiobarbituric acid reactive substances (TBARS) 
is widely used as an indicator of lipid oxidation degree 
and is second breakdown product of lipid oxidation 
(29). Figure 3 shows the changes in TBARS values of 
anchovy fish burgers during refrigerated storage. The 
initial TBARS value of anchovy was 2.72 mg MDA/
kg and increased in all samples at the end of the stor-
age. TBARS values of the control was significantly 
(P<0.05) higher than those of the samples supple-
mented with GPE. At the end of the storage, TBARS 
values of the anchovy burgers were found as 7.71, 5.78 
and 5.56 mg MDA/kg in the control, G2 and G4 
samples, respectively. The lowest TBARS values were 
obtained from G4 samples throughout the storage. 
High reaction rate of carbonyls with proteins leads to 

decreasing in malonaldehyde content (30). TBARS 
values indicated that the limit value of 5 mg MDA/kg 
sample (31) was exceeded and rancidity developed in 
the control, G2 and G4 samples after 9, 15 and 18 days 
of storage, respectively. According to TBARS results, 
garlic extract able to delay lipid oxidation its high con-
tent of organosulphur compounds (11). Our findings 
were in accordance with results reported in other re-
searches (20, 21, 27, 32). Ucak et al. (27) reported low-
er TBARS values in 0.4% and 0.8% rosemary extract 
added mackerel burgers during 15 days of refrigerated 
storage. Ozogul and Ucar (32) investigated the effects 
of green tea, oregano and sage extracts on the qual-
ity of frozen chub mackerel (Scomber japonicus) burgers 
and they reported that significantly lower TBARS val-
ues were obtained from fish burgers treated with green 
tea extracts. Guan et al. (20) reported that the TBARS 
value of fish balls treated with sage, oregano and grape 
seed extract was significantly lower than those of the 
control. Fernandes et al. (21) reported that burgers 
containing oregano extract showed higher oxidative 
stability and oregano extract reduced the TBARS 

Figure 3. Changes in thiobarbituric acid reactive substances value (TBARS) (mg malonaldehyde/kg) of anchovy burgers treated with 
garlic peel extract (GPE) during 18 days of storage at 4°C. * Control: without treatment, G2: 2% GPE treated group; G4: 4% GPE 
treated group
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 values of lamb burgers. In the present study, fish burg-
ers treated with 4% GPE showed maximum efficiency 
in delaying lipid oxidation.

Microbiological assessment

Total viable count (TVC) of anchovy burgers sup-
plemented with GPE during refrigerated storage was 
shown in Figure 4. Initially, the number of bacteria in 
anchovy was found as 2.25 log CFU/g which is lower 
than initial TVC value of fresh anchovy observed by 
other researchers (33, 34, 35). During the storage pe-
riod, TVC showed increase all samples and reached at 
5.45, 5.33 and 4.98 log CFU/g in the control, G2 and 
G4 groups, respectively. Considering the acceptable 
limit value for fresh fish (7 log CFU/g) (36), TVC val-
ues did not exceeded the limit value in anchovy burgers 
during the storage. The lowest (P<0.05) TVC values 
were observed in the burgers treated with GPE, espe-
cially in the burgers treated %4 GPE. It was reported 
that GPE showed bacteriostatic activity in the beef 
samples (11). According to Bakri and Douglas (37), 
antibacterial effect of garlic resulted from interaction 

of sulphur compounds, allicin, with sulphur groups 
of microbial enzymes, leading to an inhibition of mi-
crobial growth. The results of present study verify that 
GPE greatly inhibited microbial growth in anchovy 
burgers as reported in previous studies.

Gram-negative psychrophilic bacteria group are 
responsible from aerobic spoilage in chilled stored 
fresh fish (38). The changes in psychrophilic bacteria 
count (PBC) of anchovy burgers are presented in Fig-
ure 5. At the beginning of the storage, PBC value of 
the anchovy was 3.30 log CFU/g and showed increase 
in all groups. The PBC value of G4 samples were lower 
(P<0.05) than the control and G2 samples during the 
storage period. At the end of the storage PBC values 
reached 6.46, 6.38 and 5.45 log CFU/g in control, G2 
and G4 groups, respectively and PBC values of control 
and G2 samples exceeded the acceptable limit value of 
6 log CFU/g (36).

 Izci et al. (35) reported the initial PBC value of 
anchovy as 3.61 log CFU/g which is higher than the 
initial value of present study. In another study, Kose 
 et al. (39) found the PBC value of anchovy as 4.39 log 
CFU/g at the beginning of the storage.

Figure 4. Total viable count of anchovy burgers treated with garlic peel extract (GPE) during 18 days of storage at 4°C. * Control: 
without treatment, G2: 2% GPE treated group; G4: 4% GPE treated group
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Sensory analysis

The changes of sensory properties scores includ-
ing color, odor, flavor, texture and overall acceptability 
of anchovy burgers supplemented with different con-
centrations of GPE during storage at 4ºC are present-
ed in Table 2. According to sensory results, sensorial 
parameters of all groups decreased significantly during 
the storage period (P<0.05) and there were no signifi-
cant difference between 2% and 4% GPE treated fish 
burgers. 

There was an accordance between TBA values 
and taste panel results. Taste scores of the control, G2 
and G4 samples decreased during the storage period 
(P<0.05). There was no significant differences in terms 
of taste scores between GPE treated burgers. Control 
samples reached unacceptable scores at day 12, while 
G2 and G4 samples reached at day 15 of the storage. 

Significant differences (P<0.05) were observed in 
texture scores of the control and GPE added ancho-
vy burgers from day 9 until at the end of the  storage 
 period. Sensory results showed that no significant 

 differences were found in color scores of all groups 
during six days of storage. Color and odor scores of 
GPE added samples received higher values than those 
of the control samples but significant differences were 
 observed between 9 and 18 days of storage. 

According to overall acceptance results, the con-
trol group was rejected at day 15 by the panelists and 
considered as unacceptable. 2% and 4% GPE added 
anchovy burgers were still acceptable for consump-
tion at the end of the storage period. The increase in 
shelf life of G2 and G4 groups compared to the con-
trol may be attributed due to the antibacterial effect of 
garlic peel. It can be concluded that addition of GPE 
prevented the formation of off-odor and off-color in 
anchovy burger samples. Addition of garlic extract did 
not have any negative effect on sensory attributes of 
garlic extract added anchovy burgers rather than having 
positive effects on odor, color and overall acceptance.

Bavitha et al. (40) reported fish burgers treated 
with 0.5% and 1% ginger have been acceptable for 17 
days, while the control showed 15 days shelf life.  Coban 
(41) found that the Sarda sarda fish fingers  contained 

Figure 5. Psychrophilic bacteria count of anchovy burgers treated with garlic peel extract (GPE) during 18 days of storage at 4°C. * 
Control: without treatment, G2: 2% GPE treated group; G4: 4% GPE treated group
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Storage days Control G2 G4

     

Taste

0 8.50±0.58Aa 8.50±0.50Aa 8.75±0.50Aa

3 8.00±0.00Aa 7.75±0.98Aab 7.50±0.58Aab

6 5.75±1.89Bb 7.75±0.96ABab 8.00±0.82Aa

9 5.75±0.96Bb 7.00±0.00Ab 8.00±0.82Aa

12 3.75±0.96Bc 7.25±0.50Aab 6.25±1.26Ab

15 3.00±1.41Acd 3.25±1.71Ac 3.25±1.26Ac

18 1.00±0.00d 1.00±0.00d 1.00±0.00d

Texture

0 7.75±0.50Aa 8.75±0.50Aa 8.75±0.50Aa

3 7.00±2.00Aa 7.50±0.58Aab 7.75±0.50Ba

6 6.50±0.58Aa 7.75±0.96Aa 7.75±0.96Aa

9 6.50±0.58Ba 7.50±0.58Aab 8.25±0.50Aa

12 4.50±0.58Bb 6.25±0.96Ab 5.75±0.96ABb

15 4.00±0.82Ab 3.75±1.26Ac 4.25±1.71Ac

18 2.50±0.58Ac 3.75±0.96Ac 2.75±0.96Ad

Color

0 7.75±0.50Ba 8.75±0.50Aa 8.50±0.58ABa

3 6.50±1.73Aa 8.25±0.50Aab 7.00±0.82Aa

6 6.75±0.50Aa 8.00±0.82Aab 7.75±0.96Aa

9 6.75±0.96Ba 7.25±0.50ABbc 8.25±0.96Aa

12 4.50±0.58Cb 6.50±0.58Ac 5.50±0.58Bb

15 3.50±1.29Ab 4.25±0.96Ae 4.50±1.29Ab

18 2.00±0.00Bc 5.50±0.58Ad 5.00±1.41Ab

       

Odor

0 7.75±0.50Bab 9.00±0.00Aa 8.75±0.50Aa

3 8.00±0.82Aa 8.50±0.58Aab 7.75±0.50Aa

6 7.00±0.82Aab 7.50±1.29Abc 7.50±1.29Aab

9 6.50±0.58Bb 7.25±0.96Bbc 8.50±0.58Aa

12 4.25±0.50Bc 7.00±0.82Ac 6.25±0.50Ab

15 3.50±1.73Acd 4.25±1.26Ad 4.00±1.41Ac

18 2.50±1.00Bd 4.75±0.96Ad 3.00±0.82Bc

   

Overall  
acceptance

0 7.75±0.50Ba 8.75±0.50Aa 8.50±0.58Aa

3 6.50±1.73Bb 8.25±0.50Aab 7.00±0.82Aa

6 6.75±0.50Bb 8.00±0.82Ab 7.75±0.96Aa

9 6.75±0.96Ab 7.25±0.50ABb 8.25±0.96Aa

12 4.50±0.58Cc 6.50±0.58Ab 5.50±0.58Bb

15 3.50±1.29Ad 4.25±0.96Ac 4.50±1.29Ac

18 2.00±0.00Be 5.50±0.58Ac 5.00±1.41Abc

Table 2. Changes in sensory properties of anchovy burgers treated with garlic peel extract (GPE) during 18 days of storage at 4°C. * 
Control: without treatment, G2: 2% GPE treated group; G4: 4% GPE treated group
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1% ginger oil can be stored for 17 days at 4oC without 
undesirable changes of sensory and chemical quality. 
In another study, it was observed that the addition of 
oregano extract prevented the loss of sensory quality in 
sheep burgers up to 15 days of storage. 

Conclusions

The results of the study indicated that garlic peel 
extract has potential to prevent lipid oxidation and to 
maintain the initial product quality. The use of GPE in 
anchovy burgers also reduced the microbial growth, es-
pecially in %4 GPE treated group. The sensory quality 
of anchovy burgers was improved by addition of GPE. 
The use of 2% and 4% garlic peel extract prolonged the 
shelf life of anchovy burgers for 3 days.

References

1. Lee EJ, Park KS, Kim JG, Oh SH, Lee YS, Kim JH, Byun 
MW. Combined effects of gamma irradiation and rosemary 
extract on the shelf life of a ready to-eat hamburger steak. 
Rad Phys Chem 2005; 72: 49–56. 

2. TUIK.  Turkey Statistical Institute, Fisheries Statistics. Re-
public of Turkey Prime Ministry State Institute of Statistics, 
Ankara 2017.

3. Sankar TV, Anandan R, Mathew S, Asha KK, Lakshmanan 
PT, Varkey J, Aneesh PA, Mohanty, BP. Chemical composi-
tion and nutritional value of Anchovy (Stolephorus comm-
ersonii) caught from Kerala coast. India Euro J Exper Bio 
2013; 3(1), 85–89.

4. Czerner M, Agustinelli SP, Guccione S, Yeannes MI. Effect 
of different preservation processes on chemical composition 
and fatty acid profile of anchovy (Engraulis anchoita). Int J 
Food Sci Nutr, 2015; 66(8), 887–894. 

5. Schmidt MM, Kubota EH, Prestes RC, Mello RO, Rosa 
CS, Scapin G, Ferreira S. Development and evaluation of 
pork burger with added natural antioxidant based on extract 
of banana inflorescence (Musa cavendishii). CyTA-J Food 
2016; 14(2): 280–288. 

6. Duman M, Peksezer B. Quality changes of fish balls pre-
pared from of mosul bleak (Alburnus mossulensis) stored at 
-18 ºC under air or vacuum. Ege J Fisheries Aqua Sci 2016; 
33(3): 285–290.

7. Rahman MM, Fazlic V, Saad NW. Antioxidant proper-
ties of raw garlic (Allium sativum) extract. Inter Food Res J 
2012; 19(2): 589–591.

8. Nagella P, Thiruvengadam M, Ahmad A, Yoon JY, Chung 
IM. Composition of polyphenols and antioxidant activity 
of garlic bulbs collected from different locations of Korea. 
Asian J Chem 2014; 26(3): 897–902. 

9. Zakarova A, Seo JY, Kim HY, Kim JH, Shin JH, Cho KM, 
Lee CH, Kim, JS. Garlic sprouting is associated with in-
creased antioxidant activity and concomitant changes in the 
metabolite profile. J Agric Food Chem 2014; 62(8): 1875–
1880. 

10. Petropoulosa S, Angela Fernandesb A, Barrosb L, Ciricc 
A, Sokovicc M, Ferreirab, ICFR  Antimicrobial and anti-
oxidant properties of various Greek garlic genotypes. Food 
Chem 2018; 245: 7–12. 

11. Ifesan BOT, Fadipe EA, Ifesan BT. Investigation of 
 antioxidant and antimicrobial properties of garlic peel 
 extract (Allium sativum) and its use as natural food additive 
in cooked beef. J Sci Res Reports 2014; 3(5): 711–721. 

12. Ichikawa M, Ryu K, Yoshida J, Ide N, Kodera Y, Sasaoka 
T, Rosen RT. Identification of six phenylpropanoids from 
garlic skin as major antioxidants. J Agric Food Chem 2003; 
51: 7313–7317. 

13. Abdel‐Fattah AF, Edrees M. A study on the composition of 
garlic skins and the structural features of the isolated pectic 
acid. J Sci Food Agric 1972; 23(7): 871–877. 

14. Tokur B, Polat A, Beklevik G, Ozkutuk S. Changes in the 
quality of fish burger produced from Tilapia (Oreochromis 
niloticus) during frozen storage (-18 C). European Food Res 
Technol 2004; 218: 420–423. 

15. Manthey M, Karnop G, Rehbein H. Quality changes of 
European catfish (Silurus glanis) from warm water aqua-
culture during storage in ice. Int J Food Sci Technol 1988; 
23: 1–9. 

16. AOAC (Association of Official Analytical Chemists). Offi-
cial methods of analyses of Association of Analytical Chem-
ist (15th ed.) Washington: AOAC. 1990.

17. Tarladgis B, Watts BM, Yonathan M. Distillation  method 
for determination of malonaldehit in rancid food. J 
 American Oil Chem Soc 1960; 37: 44–48.

18. Paulus K, Zacharias R, Robinson L, Geidel H. Kritische 
betrachtungen zur ‘‘bewertenden pru¨ fung mit skale als ei-
nem wesentlichen verfahren der sensorischen analyse. Leb-
ensmittel-Wissenschaft und Technologie 1979; 12: 52–61.

19. Cao Y, Gu W, Zhang J, Chu Y, Ye X, Hu Y, Chen J. Ef-
fects of chitosan, aqueous extract of ginger, onion and garlic 
on quality and shelf life of stewed-pork during refrigerated 
storage. Food Chem 2013; 141: 1655–1660. 

20. Guan W, Ren X, Li Y, Mao L. The beneficial effects of 
grape seed, sage and oregano extracts on the quality and 
volatile flavor component of hairtail fish balls during cold 
storage at 4°C. LWT-Food Sci Technol 2019; 121: 25–31. 

21. Fernandes RPP, Trindade MA, Tonin FG, Pugine SMP, 
Lima CG, Lorenzo JM, Melo MP.  Evaluation of oxidative 
stability of lamb burger with Origanum vulgare extract. Food 
Chem 2017; 233: 101–109. 

10073.indd   910073.indd   9 9/23/2020   12:27:52 PM9/23/2020   12:27:52 PM



İ. Ucak, E. E. Fadıloğlu10

22. Hamilton RJ, Kalu C, Prisk E, Padley FB, Pierce H. 
Chemistry of free radicals in lipids. Food Chem 1997; 60: 
193–199. 

23. Varlık C, Ugur M, Gokoglu N, Gun H. Quality Control 
Principles and Methods in Seafood. Food Technology Jou-
nal Publications. Publication No: 17, Istanbul. 1993;  174.

24. Fanelli SL, Castro GD, Toranzo EG, Castro JA. Mecha-
nisms of the preventive properties of some garlic compo-
nents in the carbon tetrachioridepromoted oxidative stress. 
Diallyl sulfide; diallyl disulfide; allyl mercaptan and allyl 
methyl sulfide. Res Commun Mol Pathol Pharmacol 1998; 
102(2): 163–174. 

25. Corzo Martinez M, Corzo N, Villamiel M. Biological 
properties of onions and garlic. Trends Food Sci Technol 
2007; 18: 609–625.

26. Hassanpour S, Zamini A, Khanipour AA. Qualitative as-
sessment of burger fish of (Hypophthalmichthys molitrix) by 
using extract and powder of dill Plant during preservation in 
fridge. Biological Forum - An Inter J 2015; 7(1): 893–900.

27. Ucak I, Ozogul Y, Durmus M. Original articleThe effects 
of rosemary extract combination with vacuum packingon 
the quality changes of Atlantic mackerel fish burgers. Inter J 
Food Sci Technol 2011; 46: 1157–1163.

28. Al-Bulushi IM, Kasapis S, Al-Oufi H, Al-Mamari S. Eval-
uating the quality and storage stability of fish burgers during 
frozen storage. Fisheries Sci 2005; 71: 648–654. 

29. Aubourg SP. Lipid damage detection during the frozen 
storage of an underutilized fish species. Food Res Inter 
1999; 32: 497–502. 

30. Ozen BO, Eren M, Pala A, Ozmen I, Soyer A. Effect of 
plant extracts on lipid oxidation during frozen storage 
of minced fish muscle. Int J Food Sci Technol 2011; 46: 
724–731. 

31. Dandago MA, Garba R, Bahago EJ, Komolafe GO. Anal-
ysis of specific food commodities. In: Balami, T.A. (Ed.), 
Practical manual on food technology, nutrition and dietetics 
for schools and industries. National Science and Technology 
forum, Kaduna. 2004; 225–226.

32. Ozogul Y, Ucar Y. The effects of natural extracts on the 
quality changes of frozen chub mackerel (Scomber japonicus) 
burgers. Food Bioprocess Technol 2013; 6: 1550–1560. 

33. Kaba N, Yucel S, Corapcı B, Ozer O, Eryasar K. Shelf Life 
of anchovy (Engraulis engrasicholus, L.1758) patties stored at 
4°C. Academic Food J 2012; 10(4): 19–23.

34. Bensid A, Ucar Y, Bendeddouchea B, Ozogul F. Effect of 
the icing with thyme, oregano and clove extracts on qual-
ity parameters of gutted and beheaded anchovy (Engraulis 
encrasicholus) during chilled storage. Food Chem 2014; 145: 
681–686. 

35. Izci L, Bilgin S, Gunlu A, Cetinkaya S, Diler A, Genc IY, 
Bolat Y. Quality changes of anchovy (Engraulis encrasicolus) 
doner during cold storage. J Agric Sci 2016; 22: 360–369.

36. ICMSF. Microorganisms in foods. The international com-
mission  on  microbiological  specifications  for  foods  of  
the international union of biological societies (pp. 181–196). 
Oxford: Blackwell Scientific Publications, 1986.

37. Bakri IM, Douglas CWI. Inhibitory effect of garlic extract 
on oral bacteria. Archives Oral Bio 2005; 50: 645–51. 

38. Ibrahim Sallam K. Antimicrobial and antioxidant effects of 
sodium acetate, sodium lactate, and sodium citrate in refrig-
erated sliced salmon. Food Cont 2007; 18(5): 566–575. 

39. Kose S, Karacam H, Kutlu S, Boran M. Investigating the 
shelf life of the anchovy dish called ‘hamsikuflu’ in fro-
zen storage at -18±1ºC. Turkish J Vet Anim Sci 2001; 25: 
651–656.

40. Bavitha M, Dhanapal K, Madhavan N, Reddy GV,  Sravani 
K. Quality changes in fish burger from common carp 
 (Cyprinus carpio) during refrigerated storage. Int J Sci 
 Environ Technol 2016; 5(3): 1646–1657.

41. Coban EO. Effect of ginger oil on the sensory and  chemical 
changes of fish finger (Sarda sarda, Haseckel 1843)  during 
refrigerated storage. Inter Food Reser J 2013; 20(4): 
1575–1578.

* Corresponding author: 
ezgi.fadiloglu@yasar.edu.tr

10073.indd   1010073.indd   10 9/23/2020   12:27:52 PM9/23/2020   12:27:52 PM

mailto:ezgi.fadiloglu@yasar.edu.tr

