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Abstract - The main objective of this work was to improve the microbiological and the biochemical 

quality of marinated sardine fillets by the use of starter culture during marination and storage. Control 

samples were marinated with only 4% acetic acid, 10% NaCl whereas treated samples were marinated 

and inoculated   by a mixed starter culture of lactic acid bacteria and coagulase negative bacteria. Results 

showed that total viable counts were higher in control samples when compared to inoculated ones. Due 

to the antibacterial effect of lactic acid bacteria and the antioxidant effect of coagulase negative starter, 

total trimethylamine nitrogen and peroxide values were lower in the inoculated samples when compared 

to the control ones. Finally, the use of starter culture significantly reduced histamine content of the 

marinated sardine fillets.  
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1- Introduction  

Sardinella aurita (Clupeidae, Teleostei) is one of the most important species in the Mediterranean Sea 

and one of the most common fish species in Tunisia (Ennouri et al., 2013). Despite its high nutritional 

value, sardines are very perishable fish (Cyprian et al., 2015). It has a low commercial value, and is 

generally consumed fresh or canned. Marinated fish has a limited shelf life since they are consumed 

with no heat treatment (Gokoglu et al., 2009). The main objectives of the marination process are to 

tenderize and improve flavor and to inhibit microbial growth (Sallam et al., 2007). Sardines are 

especially suited to marination because of their fat content (Kilinc & Cakli, 2004).  Starters such as lactic 

acid bacteria (LAB) and coagulase negative bacteria (CNS) are generally used in meat and fish products 

in the aim to improve their quality. In marinated products LAB could improve texture profile through 

denaturation and coagulation of proteins and the activation of muscle proteases and reddening through 

the formation of nitric oxide and nitrosyl myoglobin (Bedia et al. 2011). CNS are known by their 

antioxidant activities, preventing the formation of off‐flavors and rancidity (Rayyts et al. 2010). The aim 

of this work was to study the effect of mixed starter culturecombing LAB and CNS on the 

microbiological and biochemical quality of marinated sardine fillets during refrigerated storage.  

2- Material and methods  

2-1 Raw materials  

A total of 30 kg of fresh sardines (Sardinella aurita) were purchased within one-day post capture from 

the fish market of Tunis. The fish were directly transferred to the laboratory in polystyrene boxes within 

one hour after purchase. Sardines were immediately, eviscerated, filleted and washed.  

2-2 Marination process  

The sardine fillets (FF) were divided into 2 groups. The first group (C) was marinated by soaking the 

sardine fillets in a solution of 4% acetic acid and 10% NaCl. The second group (I) was marinated in the 

same solution (4% acetic acid, 10% NaCl) with an addition of (25 g/100 kg) ̴ 106UFC/gof a commercial 

starter culture starter: L. sakei + S. carnosus (BFL‐F06, CHR HANSEN, Nienburg, Germany). After 72 

h of marination, sardine fillets were removed from the solutions and put into glass jars filled with olive 

oil. A total of 12 glass jars were prepared per group. Packed sardines were stored at 4°C for 90 days.  
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2.3. Microbiological analysis  

Ten grams of each sardine sample were diluted with 90 ml of sterile peptone water (Accumix, Belgium) 

using a Stomacher 80 Biomaster. Serial 10-fold dilutions were prepared in sterile peptone water. Total 

viable counts were determined on Plate Count Agar (PCA) (Accumix, Belgium) after 48 h of incubation 

at 30°C, coliforms on Desoxycholate Agar (Accumix, Belgium) after 24 h at 37°C for total coliforms 

and 44°C for fecal coliforms. LAB on MRS agar (Accumix, Belgium) after 48 h at 30 °C(Guiraud, 

1998). 

2.4. Chemical analysis  

Chemical analyses were done on fresh sardine fillets, after marination and during storage. Total volatile 

base nitrogen (TVB-N) and trimethylamine nitrogen (TMA-N) were determined by the micro-diffusion 

method of Conway (Cobb et al., 1973). Specifically, TMA-N was determined after the addition of 

formaldehyde. The sardine content in TVB-N and TMA-N were expressed as mg TVB-N per 100 g of 

sample and mg TMA-N per 100 g of sample, respectively. Peroxide values were measured based on the 

standard AOCS method (2009). The peroxide value of fish oil is expressed as milliequivalents of 

peroxide per 1000 g of oil. The histamine content was determined using the colorimetric method 

described by (Patange et al.,  2005). Histamine content was extracted from fish muscle and determined  

as described by (Patange et al., 2005).  

2.5. Statistical analysis  

All measurements were done in triplicate. Data were statistically analyzed using a two-way ANOVA 

procedure of STATGRAPHICS Centurion (XV) 16.1.15software (Manugistics Inc, Cambridge, MA). 

Duncan’s multiple range test was used to determine any significant difference between mean values, 

and evaluations were based on a significance level of P< 0.05. 

3. Results and discussion  

3.1. Microbiological analysis  

Counts of total viable counts (TVC), total coliform (TC) and lactic acid bacteria (LAB) of fresh fillets 

and fillets samples during marination and storage are presented in table 1. Results showed a significant 

difference between control samples and those inoculated with starter culture (P<0.05). After marination, 

total viable counts decreased from 2.9 to 2.1 log UFC/g for control samples against an increase from 2.9 

to 3.1 for the inoculated ones. Kilinc et al., (2008) reported that bacteria are able to continue their activity 

more or less rapidly according to their ability to adapt to the medium. Acetic acid provides an 

environment suitable for the action of proteases present in the muscle. The products of proteolysis 

provide an energy source for the growth of acetic acid tolerant bacteria.  LAB were inhibited in the 

control sample.Inhibition of LAB in the control sample was related to high concentration of NaCl (10 

%). In the experimental sample, counts of TVC and LAB increased during marination, this increase is 

explained by the addition of the starter culture. After marination, counts of total coliforms in control 

samples were significantly lower than those enumerated in inoculated ones (P<0.05). This result can be 

explained by the antimicrobial effect of LAB (Essid et al., 2013). During storage, a significant decrease 

(P<0.05) of microorganisms was observed for all samples, due to low temperature and lack of O2. 

 

 

Mean value ± standard deviation (n=3);  

FF: fresh filets; M72: marination 72 hours; C: control samples; I: inoculated samples, TVC: total viable counts; TC: total 

coliforms; LAB: lactic acid bacteria; Means with the same parameter and the same column with different superscript letters 

(a,b) are different (P<0.05); Mean with the same parameter and the same line with different superscript numbers (1,2,3) are 

different   (P<0.05) 

 

Table1- Changes in microbial flora of control and inoculated sardine fillets during marination and refrigerated storage 

Log 

UFC/

g 

FF M72 

 

                      Days of storage  

 30 60 90 

 C I C I C I C I 

TVC 3.07±0.1a1 2.9±0.09a2 3.1±0.06a3 2.1±0.0

9 

1.5±0.08 1.4±0.09 1.2±0.0

5 

0.15±0.0

1 

0.11±0.1

0 

TC 1.87±0.09b

1 

1.65±0.04b

2 

1.05±0.05b

3 

1.3±0.1 1.05±0.0

9 

1.05±0.0

8 

- - - 

LAB 2.39±0.10c

1 

- 1.45 

±0.10c2 

- 1.01 

±0.15 

- 0.9±0.1

3 

- 0.05 

±0.04 
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3-2 TVB-N and TMA contents 

TVB-N is produced from the degradation of proteins and non-protein nitrogenous compounds, mainly 

as result of microbial activity (Connel, 1975). The initial TVB-N in fresh sardine fillets was 4.48±0.98 

mg/100 g fresh fillet (table 2). A significant decrease (P<0.05) was observed in TVB-N values from 

4.48 to 3.98, 3.88 mg/100 g fish fillet for control and inoculated samples, respectively, after the 

marinating process (table 2). This decrease is related to the effects of acetic acid and salt which were 

used in marination and which leached out the TVB-N. During storage, TVB-N values increased in all 

samples (figure 1). This increase is probably due to a combination of microbiological and autolytic 

degradation of nucleotides and free amino acids (Sallam et al., 2007). No significant differences were 

observed between control samples and those inoculated with starter culture (P>0.05). During marination, 

TMA values increased significantly (P<0.05) from 0.74 (fresh fillets) to 0.89 and 0.59 mg/100 gfor 

control and inoculated samples, respectively (table 2). This increase is due to the reduction of TMAO 

by bacterial activity and partly by intrinsic enzymes (Gram & Huss, 1996). During storage TMA values 

increased to the two samples without reaching limit for acceptability of fish (5-10 mg/100 g sample) 

(Sikorski et al,,1989) (figure 1). Due to the effect of LAB, inoculated samples showed the lower values 

of TMA (P<0.05).  

 

 

 
 

 

 

Figure 1- Changes in TVB-N (a), TMA (b) and PV values (c) of marinated sardine fillets during storage at 4°C 

C: control sample; I: inoculated sample 

a 

b 

c 
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Mean value ± standard deviation (n=3);  

FF: fresh fillets; M24: marination 24 hours; M72: marination 72 hours; CS: control samples; I : inoculated sample  

Means with the same parameter and the same column with different superscript letters (a,b) are different (P<0.05) 

Mean with the same parameter and the same line with different superscript numbers (1,2,3) are different   (P<0.05) 

3.3. Peroxide value  

Determination of hydroperoxides is used to monitor primary oxidation of sardine fat in the presence of 

three derivatives of hydroxy benzoic acid (Chandrasekar et al., 2016). PV values increased significantly 

for the two samples (p<0.05) during marination, from 0.35meq/kg fish to reach values of 1.50 and 1.46 

meq/kg fish for C and I samples, respectively (table 2). During storage, PV values increased for the two 

samples without reaching the limit of freshness (5 meq/kg) (figure 1). PV values below 5meq/kg, 

indicate that the fat is fresh or that the hydroperoxides have been degraded into ketones (Chandrasekar 

et al., 2016). Inoculation with starter culture affect significantly peroxide values. CNS bacteria are 

known by their antioxidant activity (Essid et al., 2013) and are responsible of the reduction of PV in the 

inoculated samples.  

3.4. Histamine 

Production of high levels of histamine in fish products can be fairly rapid and depends on the number 

of microorganisms present (Ababouch, et al., 1996). After 90 days of storage in the olive oil, histamines 

values increased from 0.60 mg/100 g in the fresh fillets to reach values of 2.51 and 2.1 mg/100 g for 

control and inoculated samples respectively (P<0.05) (figure 2). Histamine content did not develop 

beyond the limit (20 mg/100 g) set by the EU (EEC, 1991). The lowest histamine content was in the 

inoculated samples (P<0.05). In fact, the antimicrobial effects of LAB reduced microbial growth and 

tend to decrease histamine content. 
 

 

 
 

Figure 2- Histamine contents of fresh and marinated sardine fillets 

4. Conclusion  

The antibacterial effect of the LAB reducescounts of TVC and CT in the inoculate samples which leads 

to reduce TVB-N, TMA and histamines contents. The antioxidant activity of CNS ameliorates the 

oxidative stability of the marinated fillets.Using starter culture in marinated sardine fillets should 

improve their quality and increase their shelf life.  

Table 2- Effect of starter culture on chemical parameters during marination 

 TVB-N (mg/100 g fish) TMA(mg/100 g fish) Pv value (meq/kg fish) 

FF M 24 M 72 FF M24 M 72 FF M24 M 72 

C 4.48±0.98a

1 

4.03±0.71a

2 

3.98 

± 

0.98a

2 

0.74±0.04a

1 

0.87±0.04a

2 

0.89±0.01a

2 

0.35 

±0.01a1 

1.05±0.01a

2 

1.50±0.01a

2 

I 4.48±0.98a

1 

3.75±0.73b

2 

3.88

± 

0.45b

2 

0.74±0.04a

1 

0.44±0.81a

1 

0.59±0.07a

1 

0.35±0.01a

1 

1.09±0.07b

2 

1.46±0.13b

2 



Volume 70(2). Published February, 01, 2020 
www.jnsciences.org  
E-ISSN 2286-5314 

TAJINE et al. (2020) / Journal of new sciences, Agriculture and Biotechnology, 70(2), 4285-4289                                           4289 

References 

Ababouch, L. H., Souibri, L., Rhaliby, K., Ouahdi, O., Battal, M., & Busta, F. F.  (1996). Quality 

changes in sardines (Sardina pilchardus) stored in ice and at ambient temperature. Food 

Microbiology, 113, 123–132 

AOCS. (2009). Official methods and recommended practices of the American oil chemists’society (6th 

ed.). IL, USA : AOCS 

Bedia, M., Méndez, L. and Bañón, S. 2011. Evaluation of different starter cultures (staphylococci plus 

lactic acid bacteria) in semi‐ripened Salami stuffed in swine gut. Meat Sci. 87, 381– 386. 

Chandrasekar, V., Belur, P.D., & Regupathi, I. (2016). Effect of hydroxybenzoic acids antioxidants 

on the oxidative stability of sardine oil, Resource-Efficient Technologies, 2, 114–118. 

Cobb, F., Alanez, I., & Thompson, C. (1973). Biochemical and microbial studies on shrimp: volatile 

nitrogen and amino nitrogen analysis. Journal ofFood Science, 38, 431–436. 

Connell, J. J. (1975). Control of fish quality (4th ed.). London : Fishing News Books Limited 

Cyprian, O. O., Van Nguyen, M., Sveinsdottir, K., Jonsson, A., Tomasson, T., Thorkelsson, G., & 

Arason, S. (2015). Influence of smoking and packaging methods on lipid stability and microbial 

quality of Capelin (Mallotus villosus) and Sardine (Sardinella gibossa). Food Science & Nutrition, 

3 (5) : 404-414. 

EEC (1991) Council directive 91/493/EEC. Official J Eur Communities L 268:15–36 

Ennouri, R., Mili, S., & Chouba, L. (2013). Evaluation  de la qualité nutritionnelle de la  sardinelle 

ronde Sardinella aurita  (Valenciennes, 1847) du  golf de Tunis. Bulltein  Institut National Sciences 

et Techniques de la Mer de Salammbô, 40, 2013. 

Essid, I., & Hassouna, M. (2013). Effect of inoculation of selected Staphylococcus xylosus and 

Lactobacillus plantarum strains on biochemical, microbiological and textural characteristics of a 

Tunisian dry fermented sausage, Food control, 32,707-714. 

Gökoglu, N., Topuz, O. K., & Yerlikaya, P. (2009). Effects of pomegranate sauce on quality of 

marinated anchovy during refrigerated storage. LWT – Food Science and Technology, 42, 113–118.  

Gram, L., & Huss, H. (1996). Microbiological spoilage of fish and fish products. International Journal 

of Food Microbiology, 33, 589–595. 

Guiraud, J. P. (1998). Food microbiology, Paris, DUNOD-ed, 70-244. 

Kilinc, B., & Cakli, S. (2004). Chemical, microbiological and sensory changes in thawed frozen fillets 

of sardine (Sardina pilchardus) during marination, Food Chemistry, 88, 275–280. 

Kilinc, B., Cakli, S., Cadun, A., Dincer T., & T. Sebnem. (2008). Chemical, microbiological, sensory 

and color changes in warty venus (Venus verrucosa) flesh during marination. Journal of Muscle 

Foods, 19, 385-398. 

Patange, S.B., Mukundan, M.K., & Ashok Kumar K. (2005). A simple and rapid method for 

colorimetric determination of histamine in fish flesh, Food Control, 16, 465–472. 

Ravyts, F., Steen, L., Goemaere, O., Paelinck, H., De Vuyst, L. and Leroy, F. 2010. The application 

of staphylococci with flavour – generating potential is affected by acidification in fermented dry 

sausages. Food Microbiol. 27, 945– 954. 

Sallam, K.I., Ahmed, A.M., Elgazzar, M.M., & Eldaly, E.A.  (2007). Chemical quality and sensory 

attributes of marinated Pacific saury (Cololabis saira) during vacuum-packaged storage at 4°C.  

Food Chemistry, 102, 1061–1070. 

Sikorski, Z. E., Kolakowska, A., & Burt, J. R. (1989). Post harvest biochemical and microbial 

changes. Seafood: Resources, nutritional composition and preservation. Boca Raton, Florida:  CRC 

Press Inc. 

 

 




