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Marinated anchovies produced in a fish processing plant in Samsun province (with 3% garlic and 

3% hot pepper sauce) were filled in plastic jars and vacuum packed. Physical, chemical and 

microbiological analyses of the samples were performed to determine the effects of garlic and hot 

pepper sauce on the shelf life of marinated anchovies. Total viable bacteria count (TVB), lactic acid 

bacteria count (LAB), Enterobacteriaceae count, biogenic amines (histamine, tyramine, cadaverine, 

putrescine, tryptamine), pH, total volatile basic nitrogen (TVB-N), thiobarbituric acid (TBA) 

analysis were performed during 7 months of storage at 4°C. Comparing the control group with garlic 

added and hot pepper sauce added samples, garlic addition reduced the microbial growth and 

provided that the samples retained their physicochemical properties (TBA, TVB-N) for a longer 

period time. The amounts of biogenic amines were determined less in garlic added samples. 
 

 

Keywords: 

Marinated anchovies 

Garlic 

Hot chilli pepper sauce 

Biogenic amines 

Shelf life 

 
a  bilgebilginficicilar@gmail.com  https://orcid.org/0000-0002-7217-5905   b  genccelep@hotmail.com  ttps://orcid.org/0000-0002-8689-7722 

 

 

 This work is licensed under Creative Commons Attribution 4.0 International License 

 

Introduction 

Anchovy is the most popular and most caught fish in 

Turkey with 96,451.7 tons in 2018. Approximately 50000 

tons are consumed as fresh or processed for human 

consumption while the rest is used in fish feed and by-

product manufacture (TUİK, 2018). Anchovy is a fatty fish 

(fat amount ranging between 7.9-16.32%) which makes it 

a suitable fish for the marination process (Oksuz et al., 

2010). 

Marinades are semi-preserved food products, which 

can be produced from fresh, frozen or salted fish. 

Marination is done by the action of acetic acid and salt for 

a determined period time. Marination procedure aims to 

extend the shelf life of fish while improving its textural, 

sensorial and structural properties through the degradation 

of proteins and fats in the fish meat. Cathepsins in fish meat 

form peptides, nucleotides, free amino acids by the protein 

hydrolyzation. Fish marinades can be sectioned into three 

groups according to the heat application performed during 

the marination process. These fish marinades are cold, 

fried, and cooked. Cold marinades make up more than 90% 

of Turkish and European marinated fish market. Having 

high nutritional value, desired taste and no requirement to 

cook, marinated anchovy consumption is increasing in 

Turkey (Baygar et al., 2012). 

Anchovies are rich in polyunsaturated fatty acids, 

which makes it vulnerable to oxidation. In order to produce 

marinated anchovies for 12 months a year, freezing is an 

essential process. The freezing procedure is known to 

degrade proteins, oxidate lipids, and pigments. The 

oxidation process reduces nutritional value and leads to 

deteriorative changes in food aroma, texture, and color 

with potentially toxic products (Turhan et al., 2009). 

Synthetics antioxidants are not preferred regarding the 

concerns about the toxicological risks among with the 

demand of consumers for the natural products. Since 

marinated anchovies are produced in all months of the year 

and are an important export product, natural additives have 

been investigated in order to minimize the negative effects 

of the anchovy during freezing and storage of marinated 

anchovies. In our study garlic and hot chilli pepper sauce 

were used in order to give a desired aroma and color with 

reducing lipid oxidation and inhibiting the formation of 

possible toxic products like biogenic amines. 

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Ficicilar and Genccelep / Turkish Journal of Agriculture - Food Science and Technology, 8(2): 365-371, 2020 

366 

 

Materials and Methods  

Raw Material 
Anchovy (Engraulis encrasicholus) was caught in the 

Black Sea near Samsun Province in the winter of 2016. 
Following the harvest, anchovies were transferred to the 
fish processing facility (North Point Black Sea Fish Co., 
Samsun, Turkey) in icy polystyrene foam fish boxes. Fresh 
anchovies were frozen (-35°C) for about 24 hours in cold 
rooms and kept at -18°C until the day of processing. Frozen 
fish were brought to the processing area and melted under 
running filtered tap water about 8-10°C. Fishes were 
weighted in the boxes. Evisceration and gutting were 
completed under running tap water. Cleaned fish were 
brought to the marination room on the same day. The 
marination of anchovies was done with brine (9% salt and 
4.2% vinegar) in fish baskets for a day at 10°C. Marinated 
fish were drained and placed in a round plastic jar. 
Sunflower oil and garlic or hot chilli pepper sauce were 
added at this stage. Three different products were 
manufactured. Samples were stored in a refrigerator (4°C) 
and analyzed at 0, 1, 2, 3, 7 months of storage. Photograph 
of samples produced is in Figure 1. 

 

Proximate Analysis 
Moisture, protein, lipid and ash content were determined 

triplicate in raw and marinated anchovies. Moisture content 
was calculated as % on samples (2-5g) dried in an oven 
overnight at 105ºC (AOAC, 2000). Protein content was 
determined using Kjeldahl Method (AOAC, 2002a). Constant 
of 6.25 was used in order to calculate the amount of crude 
protein. Ash content was measured by burning samples at 
550ºC for 5 hours and % ash was determined by quantification 
of weight loss (AOAC, 2002b). Lipid content was determined 
according to (AOAC, 1990). 

 

Chemical Analysis 
Distillation procedure (Buchi Distillation Unit K-350) 

was used to determine the total volatile basic nitrogen 
(TVB-N) amount of samples (Antonacopoulos et al., 
1989). Results were calculated as mg/100g sample. 10 g of 
fish sample was added in 100 mL of distilled water.  
Homogenization was performed with an Ultraturrax (IKA 
T18). pH of samples was measured with a pH meter 
equipped with an electrode (Cyberscan PC 510, 
Singapore). Thiobarbituric acid amount (TBA) was 
determined according to the procedure proposed by 
(Tarladgis et al., 1960) and lipid oxidation products were 
expressed as malondialdehyde (MDA, mg/kg) equivalents. 

Microbiological Analysis 

Marinated anchovy samples (25g) were aseptically 

added to a stomacher bag containing 225 mL of 0.85% 

sterile saline solution and homogenized for 3 minutes using 

a masticator at highest level (Stomacher, IUL Instrument, 

Spain). Lactic acid bacteria, total viable bacteria and 

Enterobacteriaceae were determined. MRS (De Man 

Rogosa Sharpe) agar was used for the enumeration of lactic 

acid bacteria and plates were incubated for 5 days at 30°C. 

Plate count agar (PCA) was used for the enumeration of the 

total viable count and incubated for 2 days at 30°C. 

Aliquots of 1 mL of each dilution were delivered to petri 

dishes using pour plate method. For total viable bacteria, 

and Enterobacteriaceae count, plate count agar (PCA), and 

violet red bile agar (VRBA) were prepared. Plates were 

incubated for 2 days at 30°C for total viable bacteria count 

(PCA) and 24 hours (VRBA) at 37°C for 

Enterobacteriaceae count. Anaerobic incubator was used 

for the incubation of lactic acid bacteria and 

Enterobacteriaceae. Microbiological data were transferred 

into logarithms of the number of colony-forming units (log 

cfu) per gram of fish sample. 

 

Determination of Biogenic Amines 

Samples for biogenic amines determination were stored 

at -18°C until analysis. Biogenic amine content of the 

samples was determined according to the method of 

(Eerola et al., 1996). Biogenic amines were extracted from 

2.0 g samples with 0.4 M perchloric acid and 

homogenization was done with ultraturrax (IKA T18) 

blender. Centrifugation was performed at 3000 rpm for 10 

minutes and the supernatant was collected. The supernatant 

was brought to 25 mL with 0.4 M perchloric acid. This 

solution was filtered through the whatman number 1 filter 

paper. A 1 mL of supernatant of the standard solution was 

transferred into 10 mL glass tubes and mixed with 20 mL 

of internal standard (1,7-diaminoheptane, 0.3 mL saturated 

aqueous solution of Na2CO3) and 0.2 mL 2 M NaOH. 

Derivatization was completed with 2 mL of dansyl 

chloride. The derivatization was carried out by incubation 

for 45 minutes in alkaline media and the sample was finally 

dissolved in acetonitrile. After the reaction, the mixture 

was cooled and the dansylation reaction was interrupted 

using 0.1 mL of ammonia (25% v/v). 

 

 

 

 
Figure 1. Photograph of samples 

From left to right hot chilli pepper sauce marinated anchovies (H), garlic added marinated anchovies (G), marinated anchovies  (C). 
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The 20 μL of standard and sample derivates were 

injected to HPLC (Shimadzu Corporation, Kyoto, Japan). 

The gradient-elution system was 0.1 M ammonium acetate 

as solvent A and acetonitrile as solvent B. The gradient-

elution program began at 50% solvent B and ended at 90% 

solvent B in 25 min. Equilibration of the system was done 

for 15 minutes before the following analysis. The column 

temperature was adjusted to 40°C and the flow rate was 1.0 

mL/min. and. A 20 μL sample was injected. Column 

effluent was monitored at 254 nm with 550 nm as reference 

using the HPLC system with a column Spherisorb ODS2 

150A, 150 × 4.60 mm (Waters, Milford, MA, USA), HPLC 

(Shimadzu Corporation, Kyoto, Japan) (CBM-20A system 

control unit, LC-20AT pomp unit, SIL-20A35 

autosampler, SPD-M20A PDA detector and a computer 

including the Shimadzu package program). The 

quantitative determinations were carried out with an 

internal standard (1.7-diaminoheptane) method, by using 

peak areas. Biogenic amine contents were stated as mg/kg. 

The limit of detection was between 0.010-0.060 μg/mL and 

limits of quantification (LOQ) were between 0.020 - 0.150 

μg/mL for different biogenic amines. 

 

Statistical Analyses 

Two- way analyses of variance was used for all of the 

statistical analysis (SPSS Version 21 for Macintosh (SPSS 

Inc., 119 Chicago, IL, USA, 2014). P≤0.05 value was used 

to identify significant differences. 

 

Results and Discussion 

 

Proximate Analysis 

Table 1 shows the proximate properties of raw and 

marinated anchovies. In this study, the marination process 

led to an increase in protein, lipid, and ash percentage of 

anchovies by reducing the water amount. Ozden (2005) did 

a similar study on marinated anchovy and determined the 

total protein percentage as 18.02% in fresh fish (raw 

material) and 19.10% in marinated anchovies. İnanlı Güral 

et al. (2010) determined 11.45% fat, 20.34% protein, 

65.30% moisture, 2.05% ash in marinated anchovies. The 

proximate composition (72.10% moisture, 19.87% protein, 

4.84% lipid, 1.54% ash) was reported by (Arik et al., 2002) 

for marinated fish. 

 

Chemical Analysis 

Results of the chemical analysis of raw and marinated 

anchovies are given in Table 2. 

TBA value of raw material was found to be 6.53 mg 

MDA/kg. Anchovies (Engraulis encrasicolus) used in our 

study were kept frozen in cold rooms (-18°C) for 6 months. 

High initial TBA value of raw anchovies could be related 

to frozen storage (Karami et al., 2013). TBA value of 

marinated anchovy (control) decreased from 7.78 mg 

MDA/kg to 7.20 mg MDA/kg at the end of the storage 

period of 7 months while TBA value of anchovy marinade 

with garlic increased from 6.36 mg MDA/kg to 6.62 

MDA/kg during 7 months of storage. TBA value of 

anchovy marinade with hot chilly pepper sauce increased 

from 6.99 mg MDA/kg to 7.88 mg MDA/kg. As can be 

observed from the results of the current study, there is a 

trend towards an increase in TBA values up to a certain 

point during the storage period, followed by either a lower 

increase rate or a decrease in these values. At the end of 7 

months of storage at 4ºC, the highest TBA value was seen 

in marinated anchovies with hot chilly pepper sauce, 

followed by marinated anchovies with garlic. These 

findings were in agreement with previous studies which 

mentioned that TBA value may be reduced along with the 

storage time (Duyar et al., 2009; Goulas et al., 2007).  

 

Table 1. Proximate composition (w/w %) of raw and marinated anchovies. 

Component Raw material C G H 

Water 70.77±0.73c 64.25±0.94a 67.86±0.52b 64.94±0.45a 

Lipid 10.24±0.64a 13.99±0.50c 12.65±0.49b 12.60±0.80b 

Ash 1.55±0.05a 2.53±0.11b 2.57±0.12b 2.64±0.04b 

Protein 18.67±0.57a 23.47±0.40c 21.66±0.67b 21.52±1.92b 
C: Marinated anchovies (control), G: Garlic added marinated anchovies, H: Hot chilly pepper sauce added marinated anchovies, Results are mean and 

standard derivation of three samples 

 

Table 2. Chemical analysis results of marinated anchovies 

Time 

Parameter 

TBA TVB-N pH 

Sample 

C G H C G H C G H 

Day 0 
7.78bB 

(0.36) 

6.36bA 

(0.78) 

6.99abA 

(0.20) 

7.97aA 

(0.42) 

7.89aA 

(1.12) 

9.03aA 

(0.88) 

3.82cA 

(0.05) 

3.91cA 

(0.06) 

3.85cA 

(0.05) 

Month 1 
5.87aA 

(0.24) 

5.85abA 

(0.10) 

7.28aB 

(0.22) 

9.07aAB 

(0.69) 

7.48aA 

(0.80) 

9.73aB 

(1.66) 

3.62aA 

(0.01) 

3.67abA 

(0.02) 

3.54aA 

(0.13) 

Month 2 
5.91Aab 

(0.09) 

5.12aA 

(0.39) 

6.36aB 

(0.94) 

9.09aA 

(0.71) 

11.75bA 

(2.61) 

11.02aA 

(0.97) 

3.72bA 

(0.21) 

3.62aA 

(0.08) 

3.70bA 

(0.08) 

Month 3 
5.32aA 

(1.30) 

6.39bB 

(0.50) 

7.00abB 

(0.21) 

20.90bA 

(0.85) 

19.30cA 

(1.54) 

18.10bA 

(2.40) 

3.76bcA 

(0.01) 

3.74bA 

(0.05) 

3.70bA 

(0.01) 

Month 7 
7.20bA 

(0.20) 

6.62aB 

(0.20) 

7.88bB 

(0.36) 

22.47bA 

(1.28) 

21.00cA 

(1.00) 

22.66cA 

(1.53) 

4.12dAB 

(0.06) 

4.07dA 

(0.07) 

4.22dB 

(0.03) 
Superscript upper case letters (A, B,) indicate difference among groups (P<0.05); Superscript lower case letters (a, b, c, d) indicate difference among storage 

period (P<0.05); M:Marinated anchovies (control), G:Garlic added marinated anchovies, H:Hot chilly pepper sauce added marinated anchovies; Results 
are mean and standart derivation of three samples. 
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Considering that TBA value is a measure of 

malonaldehyde content, which is not durable for long 

periods of time decrease in TBA values is observed in 

MDA, and proteins, amino acids, nucleic acids, aldehydes, 

carbohydrates, glycogen, etc. It may be caused by the 

interaction of the substances reported, resulting in a lower 

amount of free MDA (Gomes et al., 2003). Allicin 

component garlic is known for its antioxidant properties. 

This effect is performed by scavenging reactive oxygen 

substances, and slowing down lipid peroxidation. 

Schormüller (1969) reported the consumption limit of TBA 

for fishes as 8 MDA mg/kg. According to our results, this 

value was not reached for all of the marinated anchovy 

samples at 7 months of storage at refrigerated temperature. 

As shown in Table 2, TVB-N values of marinated 

anchovies increased gradually with the time of storage for 

all lots of marinated products. Based on the TVB-N limit 

of 35 mg N/100 g, none of the samples exceed this value 

throughout the storage at refrigerated temperature for 7 

months. The initial (day 0) TVB-N value of the control 

sample was 7.97 mg/100 g. TVB-N values increased 

progressively with time of storage at 4 °C for all treatments 

and reached 22.47, 21.00, and 22.66 mg/100 g for control, 

G and H groups, respectively. The addition of garlic and 

hot chilli sauce had no significant effect (P>0.05) on TVB-

N values of samples at the end of storage. Kocatepe et al. 

(2019) reported the TVB-N value of garlic essential oil 

added marinated anchovies as 14.67 mg /100 g whereas 

TVB-N value of the control group was 24.10 mg /100 g in 

the sixth month of storage at 4°C. TVB‐N of a particular 

fish species depends on the type of fish feeding, the fish 

size, the season of catching and other environment factor 

as well as microbial activity. This could explain the 

difference of other studies with our results (Kilinc et al., 

2005a; Ozden et al., 2003). 

The pH value, which greatly affects the enzymatic and 

microbiological activity is greatly reduced during the 

marination. The mean pH value of frozen anchovies was 

6.45 and this value decreased significantly after marination 

down to 3.91-3.82. pH values of different treatments 

showed the same trend in which the values decreased 

initially and then increased. The result might be linked to 

CO2 in marinated fish samples, glycolysis reactions, 

resulting in a decrease of pH value, however, the 

production of alkaline products such as ammonia and 

trimethylamine by fish spoilage bacteria led to an increase 

of pH value. pH value had a significant increase in the 7th 

month and the highest pH value was observed in hot chilli 

sauced marinated anchovies. It can be linked with a higher 

microbiological load of hot chilli sauced samples. In the 

study, which examined the sensory, chemical and 

microbiological changes of the anchovy marinades in 7 

months of storage at 0-2ºC, it was reported that the pH of 

samples ranged from 3.89 to 4.27 while the pH of raw 

material was 6.21 (Olgunoglu, 2007). 

 

Microbiological Analysis 

The species and amount of bacteria found in fish vary 

due to fishing season, fish species, feed, environmental 

conditions, and fish developmental phase. The initial total 

viable bacteria count of anchovies was 4.00 log cfu/g 

which is lower than the microbial limit (7.00 log cfu/g) 

prescribed for seafood (ICMSF, 1986). The number of total 

viable bacteria is an index showing the level of 

microorganism in the product. In our study, there was a 

decrease in the total aerobic bacteria number after 

marination. This decrease in total bacteria level is due to 

salt and acid used in the marination process. Similar results 

were reported by (Kilinc et al., 2005b; Verdos et al., 2019). 

Tomac et al. (2015) reported the initial count of mesophilic 

bacteria in frozen anchovies as 3.87 log cfu/g, 2.58 log 

cfu/g after marination. 

The changes in total viable bacteria count of marinated 

anchovy samples are given in Figure 2. Total viable 

bacteria content of marinated anchovies on day 0 were 

2.03, 2.55, 2.53 log cfu/g for control, garlic added, and hot 

chilly pepper sauce added samples respectively. Total 

viable bacteria count decreased along with the storage time 

(7 months). At the end of 7 months of storage at 4º C, total 

viable bacteria count in for control, garlic added and hot 

chilly pepper sauce added samples were 2.08, 1.74, 1.90 

respectively. 

 

 

 

 
 

 
Figure 2. Microbiological profile of marinated anchovies 

during 7 months of storage at 4°C 
TVC: Total viable bacteria count, LAB: Lactic acid bacteria count  

C: Marinated anchovies (Control), G: Garlic added marinated anchovies, 

H: Hot chilly sauce added marinated anchovies 
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Table 3. Biogenic amine analysis results of samples at 4ºC for 7 months 

Time 
Histamine Cadaverine Putrescine 

C G H C G H C G H 

Day 1 ND ND ND ND ND ND ND ND 
6.72aB 

(2.85) 

Month 1 
2.95aB 

(0.11) 
ND 

1.10aAB 

(1.56) 

2.37 abA 

(0.12) 

1.09aA 

(0.50) 

1.50aA 

(2.11) 

0.96aA 

(0.11) 

0.46aA 

(0.30) 

3.14aA 

(2.37) 

Month 2 
3.98aA 

(0.13) 

2.82abA 

(1.20) 

5.37 aA 

(3.23) 

1.86abA 

(0.24) 

1.45aA 

(0.86) 

0.57aA 

(0.81) 

0.84aA 

(0.11) 

0.46aA 

(0.64) 

1.28aA 

(1.81) 

Month 3 
6.94aA 

(9.81) 

1.29aA 

(1.81) 

3.89 aA 

(1.84) 

3.71bA 

(2.38) 

2.44aA 

(0.76) 

7.00aA 

(5.48) 

0.91aA 

(1.28) 
ND 

0.67aA 

(0.94) 

Month 7 
11.66aA 

(5.80) 

4.62bA 

(1.33) 

14.67bA 

(3.14) 

4.43bA 

(0.93) 

7.16bA 

(1.95) 

5.34aA 

(3.46) 

6.32bB 

(1.26) 
ND 

5.37aAB 

(2.74) 

Time 
Tyramine Tryptamine 

C G H C G H 

Day 1 ND ND 
0.95aA 

(1.34) 
ND 

3.66aA 

(5.17) 
ND 

Month 1 ND ND 
1.37aA 

(1.93) 
ND 

0.77aA 

(1.08) 

0.94 aA 

(1.32) 

Month 2 ND 
0.18aA 

(0.25) 
ND 

14.20bA 

(0.24) 

4.61aA 

(6.51) 

9.24 aA 

(0.04) 

Month 3 
15.66aA 

(15.06) 

0.23aA 

(0.32) 
ND 

18.23bA 

(9.57) 

4.81aA 

(0.08) 

26.10 bA 

(9.71) 

Month 7 
12.02aA 

(6.39) 

2.25bA 

(1.06) 
ND 

22.75bA 

(3.32) 

7.57aA 

(3.50) 

28.09bA 

(10.69) 
The results are the average of three replications. The values in parentheses are the standard deviation of the mean. Uppercase (A-B) shows the statistical 
difference between sample groups, lower case (a-b) show the statistical difference between months in the same group (P<0.05). 

 

7 log cfu/g is considered as the highest acceptable limit 

for total viable bacteria count in fish samples. This level 

was not reached during the storage period. Initial total 

viable bacteria count was low compared with other studies 

(Gunsen et al., 2011; Olgunoglu, 2007). The marination 

procedure decreases the microbial count even inhibits their 

growth depending on salt and acid concentration. Freezing 

delays the growth of bacteria and reduces the microbial 

count of several bacteria including spoilage and pathogenic 

bacteria (Alrabadi, 2015). It is reported that the marination 

process has an inhibitory effect on the bacteria, yeast, mold 

amount in several foods (Gunsen et al., 2011; Sen et al., 

2003). 

Enterobacteriaceae count of raw anchovies was 2.05 

log cfu/g. With the marination process Enterobacteriaceae 

count decreased due to salt and vinegar. 

Enterobacteriaceae is often used as a sign of post-process 

contamination of fecal contamination (Verdos et al., 2019). 

Enterobacteriaceae count increased till 2nd month of 

storage and decreased afterward for garlic added group. 

Enterobacteriaceae count increased steadily to 3 log cfu/g 

in the control group. At the end of storage, 

Enterobacteriaceae count in hot chilly sauced group was 

1.20 log cfu/g. pH values of our samples increased up to 

2nd month with the microbial activity that is producing 

alkaline products. In a study done by Gunsen et al. 2011, 

total coliform bacteria were not detected in marinated 

anchovies during storage at 4ºC for 11 months. It was 

reported that 1.69 log cfu/g of coliform bacteria was 

isolated in marinated anchovy products (Dokuzlu, 1997). 

The initial LAB count of raw anchovies was 2 log cfu/g. 

LAB was not detected after the marination process. LAB 

count of hot chilly sauced marinated anchovies and garlic 

added marinated anchovies after 7 months of storage at 4ºC 

were 1.9 log cfu/g, 1.20 log cfu/g respectively. No LAB 

was detected in the control group throughout the storage 

period. After 3 months of storage at 4ºC in salted and 

marinated sardines (Sardina pilchardus), approximately 

2.91 log cfu/g LAB was found, but after 6 months of 

storage higher populations (5.66 log cfu/g) were recorded 

(Kilinc et al., 2005b). In a study by Fuselli et al. (1994) 

coliforms, Enterobacteriaceae, psychrotrophic bacteria 

were not detected after the marination process of anchovies 

(Engraulis anchoita). 

The highest count of total viable bacteria, lactic acid 

bacteria was found in the products prepared with hot chilli 

pepper sauce. The reason for this relatively higher 

microbial count could be explained with the fact that hot 

chilly pepper sauce is not a sterilized product and some 

contamination could occur during the filling procedure of 

products where the sauce is spread on both sides of 

anchovies. 

 

Biogenic Amines 

The average values of biogenic amines (mg/kg) during 

7 months of storage are presented in Table 3. The results 

are expressed as the mean ± standard deviation (SD) of mg 

of biogenic amines/kg. Histamine was undetectable in all 

of the samples right after the marination procedure. The 

highest amount of histamine was determined in control 

groups (16.89 mg/kg) which is much lower than the limit 

of histamine concentration (50mg/kg) recommended by 

(FDA, 2011) for Scombridae family. Histamine amount 

increased in all of the groups throughout the storage. No 

significant difference was seen between C, and G, H 

groups at the end of 7 months of storage at 4ºC. In a study 

done by Olgunoglu (2007), the changes of histamine were 

investigated during storage at 0-2ºC for 7 months and from 

day 0 to month 7, histamine amount increased from 8.00 

mg/kg to 34.50 mg/kg. Biogenic amine values of marinated 
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shad fillets stored in brine, oil and vacuum packages were 

examined and the mean histamine amount in the samples 

at the beginning of storage was reported as 1.30 mg/kg 

(Erdem et al., 2017). 

Garlic was effective in reducing the histamine amount 

in marinated anchovies. Gunsen et al. (2011) reported that 

histamine levels were 5.52 mg/kg at 1st day of storage and 

12.85 mg/kg on the 4th month of storage at 4°C. Putrescine 

and cadaverine are indicated as potentiators of histamine in 

case of scombroid fish poisoning. The maximum tolerable 

level of cadaverine in fish is reported as 510 mg/kg 

(Rauscher-Gabernig et al., 2012). Cadaverine was not 

detected in marinated anchovy groups on day 0. In parallel 

with the storage time, the cadaverine amount increased in 

all of the groups.  

During the storage period of 7 months, the amount of 

putrescine was determined at very low levels (ND-7.31 

mg/kg) in all of the samples. With the antimicrobial 

activities, garlic addition was effective in reducing the 

putrescine amount (Mah et al., 2009) which is in agreement 

with our results. Rauscher-Gabernig et al. (2012) reported 

a daily tolerable putrescine level of 170 mg/kg. This limit 

value is not reached in all sample groups during storage 

within the scope of our study. 

Tyramine is a monoamine formed by the cleavage of 

the tyrosine amino acid and is referred to as para-tyramine, 

4-hydroxyphenethylamine, or p-tyramine. Although there 

is no limit to the maximum amount of tyramine present in 

foods, it has been reported that the level of occurrence of 

adverse side effects for human health varies between 600 

mg /kg and 2000 mg/kg in different studies. The mean 

highest tyramine value was determined as 15.66 mg/kg in 

the 3rd month of storage in the control group. Tyramine 

values determined at the end of the storage were found to 

be statistically (P>0.05) different. Highest tyramine values 

were detected in the control group. Garlic was efficient in 

reducing tyramine levels in marinated anchovies. During 

storage at 4ºC, toxic levels were not reached in all of the 

sample groups. 

There are no legal regulations about tryptamine 

contents in food, while ingestion of high contents of this 

amine could potentiate hypertensive crises in patients 

treated with MAOI drugs (Joosten, 1988). The highest 

tryptamine was found in the 7th month of storage in hot 

chilli sauced samples.  

 

Conclusions 

 

Our results demonstrate that sauces or garlic adding 

doesn’t influence the microbial load at the end of storage 

time since the marination process is efficient in prolonging 

the shelf life of fish. The maximum microbiological limit 

for the total aerobic bacterial counts in fish and fish 

products is recommended as 107 cfu g-1 (ICMSF, 1986). 

All of the samples were below this limit. Lowest TBA, 

TVB-N, and pH values were determined in the garlic added 

group. Garlic was efficient in retarding lipid oxidation. Hot 

chilly pepper sauced samples and control samples had no 

significant difference (P>0.05) considering TBA and TVB-

N values. Histamine, cadaverine, putrescine, tyramine, and 

tryptamine values of samples were measured. During 

storage at 4ºC for 7 months, the histamine was lower than 

limit value set by the FDA (50 mg/kg) in all sample groups. 

Histamine was not found in all of the sample groups at the 

beginning of storage. The lowest histamine value at the end 

of storage was determined in garlic added samples with 

4.62 mg/kg. The cadaverine was not detected in all of the 

sample groups at the beginning of the storage and the 

cadaverine values at the end of the storage were not 

statistically different (P>0.05) between sample groups. At 

the beginning of storage, putrescine was determined only 

in hot pepper chilly sauced samples. At the end of storage, 

putrescine was not detected in garlic added samples and 

statistically a significant difference (P<0.05) was observed 

with other groups. On average, 0.95 mg/kg of tyramine was 

measured in the samples with hot chilly pepper sauce at the 

beginning of the storage. At the end of the storage, in the 

control group and garlic added group, an average of 12.02 

and 2.25 mg/kg tyramine was determined respectively. In 

hot chilly pepper sauced samples, tyramine could not be 

determined at the end of 7 months storage at 4ºC. 

Tryptamine is a biogenic amine produced from the 

tryptophan amino acid. In our study, the highest tryptamine 

levels were observed in hot chilly pepper sauced samples. 

As a result, the addition of garlic led to lower values of 

TBA, TVB-N values. It also halted microbial growth and 

caused some biogenic amines (histamine, putrescine, 

tryptamine) to be detected in lower amounts. 
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