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 ABSTRACT 
Samples from different depths of the same barrel of traditionally-produced 
salted anchovies (Engraulis encrasicolus) were assessed in terms of 
approximate composition, physicochemical, microbial and sensory 
attributes, underlining a new concept of “depth effect”.  
All samples showed low protein content, high levels of ash and salt, and a 
wide variation in moisture, total lipids, and dry matter contents. Saturated 
fatty acids were the most prevalent in all samples. Polyunsaturated fatty 
acids increased as depth increased. Zinc (Zn) was the main mineral noticed 
in all samples, followed by iron (Fe). 
Microbiological analysis revealed a gradual increase in halophilic bacterial 
count from the surface to the bottom of the barrel. In terms of organoleptic 
properties, all samples were rated as regular, corresponding to a semi-
ripened product. There was a depth effect on the overall quality 
characteristics of the fish, mainly related to the effect of pressure on the 
anchovy salting and ripening process. 
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1.Introduction 

The anchovy (Engraulis encrasicolus) is a 
small pelagic species that belongs to the 
Engraulidae family. It is characterized by a 
very slim body and the standard color of 
pelagic fish: a dark back to hide from birds, and 
a silver belly, that looks like the water’s surface 
once seen from below (Pons-Sánchez-Cascado 
et al., 2006). 

Because of their abundance, anchovies 
have been caught and eaten by humans for a 
long time, and of the seventeen current genera, 
Engraulis, Anchoa, and Stolephorusare the 
most commercially important (FAO, 2014). 

The European anchovy features a high 
commercial worth and represents the foremost 
valuable pelagic fish resource in the 
Mediterranean Sea (Lleonart and Maynou, 
2003).  

Fresh anchovies are still in high demand in 
markets, even though there is an increasing 
orientation toward manufacturing prepared and 
preserved products. This fish is often consumed 
fresh during spring and summer time, or 
marinated in vinegar and ripened in saturated 
brines. Fish salting and ripening is a 
widespread and traditional practice utilized in 
European countries to lengthen different fish 
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species’ shelf-life, like Atlantic herring (Clupea 
harengus), sprats (Sprattus sprattus), sardine 
(Sardina pilchardus), and anchovy (Engraulis 
encrasicolus). Among these varieties of 
products, salted and ripened anchovy has major 
importance in the worldwide market (Czerner 
and Yeannes, 2013). This salting and ripening 
process is mostly carried out, taking into 
consideration product safety and quality 
parameters. However, it is critical to 
understand the proximate composition of fish 
species in the application of various 
technological processes and as an aspect of raw 
material quality, sensory attributes, and storage 
stability (Huss, 1988; Sikorski et al., 1990). 

The main objective of the present study was 
to assess and compare the quality of samples 
taken from three different depths of the same 
barrel of salted anchovies (Engraulis 
encrasicolus) produced using a traditional 
method, by evaluating their proximate 
composition, physicochemical, microbial, and 
sensory characteristics. The concept of the 
depth effect on the whole quality characteristics 
of the traditional salted-ripened European 
anchovy is being studied for the first time in 
this work. 

2. Materials and methods 
2.1. Preparation of salted-ripened anchovy 
and sample collection 

Samples of salted anchovies prepared in an 
artisanal way were collected from the Jijelian 
(Algerian North-East) fish market and placed in 
thick-walled polystyrene boxes, packed in an 
icebox and delivered to the processing 
laboratory on the same day. 

This artisanal method is a preliminary step 
in the wet salting process, which involves 
placing whole anchovies in bins and immersing 
them in saturated brine for 10 days. When 
compared to raw fish, water activity (aw) is 
reduced by 15 to 19% during this stage 
(Filsinger, 1987). Anchovies are beheaded, 
gutted, and placed in a 25 kg barrel alternating 
layers of fish and salt with a final salt-to-fish 
ratio of 1:3. Finally, the barrel is closed, and 
weights are set on top of the lid to press down 

on the salt and anchovies. After pressing, they 
are left in the barrel for four months at room 
temperature, until they have developed a 
reddish color and the wanted aroma. 

To get reliable representation, three 
samples of 1 kg of salted anchovies were 
selected at random in triplicate and taken from 
three different parts (from top to bottom) of the 
same barrel: 
Sample S: from the top of the barrel (at 5 ± 2 
cm) 
Sample I: from the middle of the barrel (at 15 ± 
2 cm) 
Sample D: from the bottom of the barrel (at 30 
± 2 cm). 

Physical characteristics of the raw material 
(fresh anchovy) were determined by measuring 
the total length, weight, and number of fish 
pieces in 1 kg of each sample. 

2.2. Proximate composition and 
physicochemical analysis 

Salted anchovy was analyzed to determine 
chemical proximate composition. For this, all 
samples were analyzed for their protein, fat, 
moisture, dry matter and ash contents by 
standard analytical procedures of the 
Association of Official Agricultural Chemists, 
AOAC. The analysis was performed in 
triplicate and the average values were 
calculated and expressed as mean ± SD of 
triplicate observations.  

Salted fish samples (10 g) were 
homogenized for 5 min in sterile blenders with 
10 mL of distilled water to form a thick slurry. 
The slurry’s pH was determined using a Hanna 
Hi 2210 pH meter (Hanna Glass Works, 
Medfield, MA) (AOAC, 2000). 

To determine salt content in each sample 
(AOAC, 1995), 2 g of sample were 
homogenized with 18 mL of distilled water 
before being titrated with 0.1 M AgNO3 using 
10% (w/v) K2CrO4 solution as the indicator.  

The moisture content was calculated by 
subtracting the fresh and dry weights of 
samples after drying them at 105 ± 1°C until 
they reached constant weight (AOAC, 1990). 
Crude protein, as the total nitrogen content, was 
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determined by the Kjeldahl method (AOAC, 
1995). Crude fat was measured from the dried 
sample by Soxhlet extraction with petroleum 
ether (AOAC, 1995). And the crude ash 
fraction was obtained by incinerating the 
organic matter at 550 °C for about five hours 
until the sample was free from carbon particles 
(AOAC, 1990). Total titratable acidity (TTA) 
was determined by titrating against 0.1 M 
NaOH, and acidity was calculated as the 
percentage of lactic acid (AOAC, 1995). The 
peroxide index (PV) and the content of free 
fatty acids (FFA) or acid value were 
determined on the chloroform extracts of 
tissues (AOAC, 2000). The saponification 
index was measured according to the American 
Oil Chemists’ Society (AOCS, 1993), where 1 
g of ground sample was dissolved in 1.0 M 
alcoholic KOH and boiled gently but steadily in 
a water bath for 30 min for complete 
saponification. The solution was then titrated 
with 0.5 M HCl using phenolphthalein as an 
indicator. A blank determination was carried 
out concurrently with the sample. 

For mineral composition, the ash solution 
of each sample in 10 mL of distilled water was 
hydrolyzed with 1 mL of HCl and boiled for 5 
min in a water bath until the complete 
dissolution of ashes. The obtained solution was 
transferred into a 100 mL graduated flask 
where the volume is completed in 100 by 
adding distilled water (NF V04-404, 2001). 
From this final solution, lead (Pb), iron (Fe), 
chromium (Cr), manganese (Mn), copper (Cu), 
zinc (Zn), and cadmium (Cd) content were 
analyzed by atomic absorption spectrometry 
(Shimadzu AA-6200). 

The fatty acid composition was determined 
in accordance with NF EN ISO 12966-4: 2015, 
which requires two preliminary stages, fatty 
acid extraction and esterification: 20 g of each 
lipid extract sample obtained previously using 
the Soxhlet method, were dissolved in 0.5 mL 
heptane and 0.2 mL of methanolic 2 M KOH 
was added. The mixture was boiled in a water 
bath for 2 min and 0.2 mL of 2 M HCl was 
added. After vigorous shaking and decantation, 
100 μL of the upper phase was evaporated and 

the residue was reconstituted in 50 μL of 
heptane until the upper phase became clear and 
then injected into a gas chromatograph. The 
fatty acid methyl esters were analyzed by 
GC/MS on a Shimadzu QP2010 GC/MS 
equipped with a capillary column SE30 (30 m x 
0.25 mm i.d., 0.25 μm film thickness) and 
helium as the carrier gas at a flow rate of 0.76 
mL/min. Samples were injected into the split 
mode. The column was kept at 140 °C for 10 
min and then programmed to increase by 1 
°C/min up to 160 °C, then by 2 °C/min up to 
220 °C then maintained for 15 min. By 
examining the elution order on the column and 
comparing the retention times to those of pure 
standards, the gas chromatogram peaks were 
identified as corresponding fatty acid methyl 
esters.  

2.3.Microbiological analysis 
Salted-ripened anchovies flesh was 

chopped and ground for 1 min using a Warning 
Commercial Blender (USA). Each sample (10 
g) was collected aseptically and homogenized 
mechanically in 90 mL of sterile salt broth 
(meat extract, 3 g/L; meat peptone, 5 g/L; 
NaCl, 150 g/L) (ICMSF, 1983). As an 
enrichment step, the homogenate was incubated 
at 35-37 ºC for 30 min to recover stressed cells. 
Following that, decimal dilutions (10-1, 10-2, 10-

3, 10-4, and 10-5) of the same solution were 
prepared and spread in the growth media. Plate 
Count Agar (PCA) incubated at 30 °C for 48 h 
for aerobic mesophilic bacteria, Violet, Red 
Bile Lactose agar (VRBL) incubated at 30 °C 
and 44 °C for 24-48 h for total and 
thermotolerant coliforms, respectively, Man 
Rogosa-Sharpe agar (MRS) incubated at 37 °C 
for 48-72 h for lactic acid bacteria, Chapman 
agar incubated at 37 °C for 48 h for 
staphylococci, Meat-Liver agar incubated at 46 
°C for 24-48 h for sulfito-reducing Clostridium, 
Oxytetracycline Glucose Agar (OGA) at 25 °C 
for 5 days for yeasts and moulds (AOAC, 1995; 
NF ISO 4832: 2006). 

The halophilic bacteria count was 
determined using the Halophilic Medium (HM) 
of Torreblanca et al. (1986) containing (per 
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liter of distilled water): 5 g peptone (Difco), 5 g 
yeast extract (Difco), 22 g agar at two final 
total salt concentrations of 5% and 10% 
(w/v).The stock solution of total salts of 30% 
(w/v) was prepared as described by Subov 
(1931): (NaCl, 234 g; MgCl2.6H2O, 42 g; 
MgSO4.7H2O, 60 g; KCl, 6g; CaCl2.2H2O, 1 g; 
NaBr, 0.7 g; NaHCO3, 0.2 g; FeCl3, 0.005 g 
and 1000 mL of distilled water). The 
enumeration of these microorganisms was 
performed in duplicate and the mean value of 
each count was expressed as the number of 
colony-forming units/g (CFU/g). 

2.4. Sensory assessments 
A sensory evaluation of the ripening 

progress was performed by a six-member 
trained panel using the Table proposed by 
Filsinger et al. (1982) in which the parameters 
flavor, odor, flesh color, flesh consistency, and 
flesh adhering to the backbone are assessed 
using an 8-point quality scale. Each factor was 
assigned a score to the fish based on the 
descriptions in the table. The fish's score was 
determined by taking the average of the five 
factors. The maturation scale's minimum value 
is zero, representing the sensory characteristics 
of raw fish just before the ripening process 
begins. Point 6 denoted the optimal level of 

ripening, while point 8 denoted spoilt or 
overripe anchovies.  

2.5. Statistical analysis 
The data were subjected to one-way 

analysis of variance and expressed as the mean 
± the standard deviation (SD). The Statistical 
Package for Social Sciences, version 23.0, was 
used for all statistical analyses (SPSS for 
Windows; SPSS Inc., Chicago, IL). The 
significance level for differences was defined at 
p < 0.01. 

3.Results and discussions 
3.1. Physical characteristics of raw fish 

The characteristics of fish used in the 
present investigation in terms of length, weight, 
and the number of pieces in 1 kg are shown in 
Table 1. The average length of the fish in the 
current study was almost the same for all the 
three samples (13 ± 0.00 to 13 ± 0.82 cm), 
though the average weight varied slightly, 
indicating their sexual and seasonal maturity. 
These values are lower than those found by 
Šimat and Bogdanović (2012) who recorded an 
average length of 15.23 ± 0.68 cm and an 
average weight of 24.72 ± 3.64 g, and higher 
than those found by Sofoulaki et al. (2018) who 
registered an average length between 8.71 ± 
0.46 cm and 11.33 ± 0.52 cm and an average 
weight between 3.9 ± 0.6 g and 8.2 ± 1.3 g. 

 
Table 1. Quality characteristics of different anchovy samples. 

Characteristics Samples 
S I D 

      Physical characteristics of fresh anchovies 

Length (cm) 13 ± 0.82a 13 ± 0.00b 13 ± 0.00c 
Weight (g) 13.4 ± 2.97a 13 ± 0.71a 13.5 ± 1.73a 
Number of fish pieces in 1 kg 70 ± 1.00a 66 ± 0.57a 66 ± 0.57a 

Physicochemical characteristics 
pH 5.81 ± 0.04a 5.75 ± 0.03b 5.66 ± 0.02c 

TTA (°D) 0.06 ± 0.1a 0.06 ± 0.1a 0.08 ± 0.1a 

Moisture (%)  57.5 ± 0.1a 55.0 ± 0.2b 52.5 ± 0.1c 
Dry matter (%) 42.5 ± 0.1b 45.0 ± 0.2a 47.5 ± 0.1c 

Crude protein (%)  1.37 ± 0.63a 1.32 ± 0.19a 1.28 ± 0.35a 
Total lipid (%)  4.25 ± 0.08b 4.69 ± 0.12a 5.38 ± 0.15c 
Ash (%)  35.0 ± 0.1a 36.0 ± 0.3b 40.5 ± 0.1c 
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Salt (%)  34.7 ± 0.9a 35.1 ± 0.2b 40.3 ± 0.3c 

PV (meq O2/kg of fat) 0.5 ± 0.00a 0.5 ± 0.00b 0.75 ± 0.05c 

FFA (% of Oleic acid) 5.74 ± 0.5a 7.17 ± 0.5a 7.89 ± 1.0a 

Saponification index 
(mg KOH/g) 
  

102.38 ± 0.7a 75.73 ± 0.4b 91.27 ± 0.5c 

Microbiological characteristics (CFU/g) 
Total plate count  4.0×10

4
±1.05a 3.3×10

4
± 0.07b 2.0×10

4
± 1.00c 

Total coliforms 00 00 00 
Thermotolerant coliforms 00 00 00 
Lactic acid bacteria 1×106 ± 0.7a 2.7×106 ± 1,27a 1.32×107± 0.13a 
Staphylococci Abs Abs Abs 
Sulfito-reducing Clostridium  00 00 00 
Yeasts and moulds 10 00 00 
Halophilic count  
5% 
10% 

1.23×10
3
± 0.83a 

1.12×10
3
± 1.00a 

2.40×10
3
± 0.12b 

1.21×10
3
± 0.05b 

2.64×10
3
± 0.55c 

1.43×10
3
± 0.59c 

Sensory characteristics 
Mean scores 3.76 ± 0.5a 3.12 ± 1.05b 4.08 ± 0.09c 

S: Sample taken from the Superficial part, I: Sample taken from the Intermediate part, D: Sample taken from the Deep part.  
TTA: Total Titratable Acidity, PV: Peroxide Value, FFA: Free Fatty Acid, CFU: Colony Forming Unit, Abs: Absence. 
 a-c Values in the same line and labelled with different letters differ significantly (p < 0.01). 
 

Besides, the number of fish pieces in 1 kg 
of each sample, was 70 ± 1.00, 66 ± 0.57, and 
66 ± 0.57 pieces for the samples S, I, D, 
respectively. According to Arrignon (1966), 1 
kg of anchovy has to contain 50 elements of 
fish. These elements measure between 8 and 19 
cm and have an average length and an average 
weight of 14 cm and 20 g, respectively. Our 
results correlate with this data regarding length. 
However, the average weight was lower with a 
difference of about 6 g, which explains the low 
number of fish pieces in 1 kg. The number of 
elements may be decreased, thereby decreasing 
the total mass of the elements. 

3.2. Proximate composition and 
physicochemical analysis 

The pH values were significantly different 
in the three samples (p < 0.01). There was no 
significant difference between TTA values (p ˃ 
0.01). These results are in agreement with most 
of the reported literature data (Hernández-
Herrero et al., 1999; 2002; Llorente Holgado et 
al., 2007; Ababouch and El Marrakchi, 2009). 
According to Ababouch and El Marrakchi 

(2009), the pH of anchovy muscle decreased 
from 6 to 5.4 after 3-4 months of the ripening 
process. This decrease, which is essentially 
attributed to the accumulation of free fatty 
acids, is made in spite of a significant increase 
in nitrogenous bases, in particular NH3. On the 
other hand, the reason for the lower pH values 
of the product may also be attributed to the fact 
that the samples were fermenting rather than 
spoiling. In the same analogy, the high value of 
TTA seemed to be due to the production of 
various organic acids, including free fatty 
acids. This implies that the fish underwent 
sufficient fermentation with endogenous and/or 
exogenous (microbial) enzyme systems 
(Majumdar and Basu, 2010). 

The significant differences in pH values 
between the three samples could be also 
explained by the difference in salt 
concentration and depth from where each 
sample was collected. It has been suggested 
that salt concentration influences not only 
water activity, but also the pH (Rodríguez-Jerez 
et al., 1993; Hernández-Herrero et al., 1999). 
The decrease in pH value is explained by the 
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increase of the ionic strength of the solution 
within the cells (Goulas and Kontominas, 2005; 
Ormanci and Colakoglu, 2015).  

The peroxide and saponification indexes 
showed a significant variation in the three 
samples (p < 0.01). The FFA content was in the 
range of 5.74 ± 0.50-7.89 ± 1.00 of oleic acid. 
The low-value PV index indicates that 
oxidation is well developed and that 
hydroperoxides have already been decomposed 
and transformed (Adrian et al., 1998), 
indicating that salting conditions accelerate 
lipid oxidation, which is consistent with 
previous reports (Smith et al., 1988). 
Furthermore, it was also reported that a 
significant role in the oxidative deterioration of 
salted fish was played by enzymatic oxidation 
(Cho et al., 1989). The highest value of the 
saponification index was registered for sample 
S, reflecting its high content of short and 
medium-chain fatty acids. 

Furthermore, the highest free fatty acid 
content was obtained in Sample D. Previous 
research found that salt had no inhibitory effect 
on lipases, which are responsible for the release 
of free fatty acids (Perez-Villareal and Pozo, 
1992). This could mean that more unsaturated 
fatty acids were produced and were subjected 
to oxidative hydrolysis at the double bonds. 
The resulting substances, primarily ketones, 
and aldehydes, appear to be largely responsible 
for the products’ flavor, odor, and taste (El-
Sebaiy and Metwalli, 1989).  

Moreover, the proximate composition 
showed that the protein content varied between 
1.28 ± 0.35% and 1.37 ± 0.63%. But the total 
lipid, moisture, and ash contents showed a wide 
variation.   

The fat content of anchovy flesh can differ 
not only between species but also within 
species from a single catch. This is due to the 
various stages of maturity (Pigott and Tucker, 
1987). The difference in the observations could 
also be attributed to the higher salt content in 
sample D than in others. In most fish, 
particularly pelagic species, the total sum of the 
two main constituents (moisture and lipid) 
accounts for approximately 78-80% of the total 

weight. This sum is lower for the three samples 
in the present study. Earlier studies have also 
found that lipid content varies slightly 
(Shiriskar et al., 2010a; 2010b). 

The data also revealed an inverse 
relationship between moisture content and fat 
content, which is consistent with previous 
studies that investigated the relationship 
between fat and water content (Gökoglu et al., 
1999; Šimat and Bogdanović, 2012). The 
authors reported a very strong negative 
correlation between these two parameters and 
concluded that the existence of such a 
relationship between fat and water content 
would allow the fat content to be estimated 
using the moisture content. This would not 
replace the standard procedures for precise 
measurement of fat content; however, it would 
allow processors to make an accurate estimate 
of fat content. 

The dry matter varied significantly between 
42.5 ± 0.1% and 47.5 ± 0.1%. The value of 
sample S was among the aforementioned 
samples. As shown in the table, there is a clear 
relation between salting, moisture, and dry 
matter contents, which is an inversely 
proportional relation. 

Lower protein content and higher levels of 
ash and salt compared with previously reported 
analyses were found (Hernández-Herrero et al., 
1999). On one hand, higher values of ash 
content, which estimate the mineral 
composition as well as the amount of residual 
salt in fish products could be attributed to high 
salt content, fish size, and possibly bone 
fragments that were not removed from anchovy 
samples during processing (Selmi et al., 2010). 
On the other hand, the protein content was 
found to be lower. Previous research has shown 
that solubilized proteins (as a result of the 
salting process) have an additional osmotic 
effect and contribute to the equilibrium state 
(Czerner and Yeannes, 2010). According to 
Nketsia-Tabiri and Sefa-Dedeh (1995), the 
tilapia salting process results in protein loss. 
High salt concentration inside the fish during 
salting causes a loss of soluble proteins and a 
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loss of water holding capacity, resulting in 
protein denaturation (Kong et al., 2008).  

The salt content of the three samples varies 
significantly as well. In sample S, the salt 
content was the lowest and the highest was in 
sample D. These high levels of salt content can 
be attributed to traditional preparing conditions 
as well as moisture uptake due to salt's 
hydrostatic moisture during storage (Dewi et 
al., 2011). The process of anchovy salting 
includes the diffusion of salt into the fish and 
the elimination of water via osmosis. The loss 
of moisture from the fish due to osmosis 
resulted in a decrease in moisture content as 
well as an increase in ash and salt content in the 
final product (Hernández-Herrero et al., 2002; 
Majumdar and Basu, 2010). Furthermore, the 
rate of salt penetration in the muscle is highly 

influenced by fat content, the freshness of the 
fish, flesh thickness, surface/volume ratio, and 
temperature (Clucas, 1982). We suggest that 
the freshness of the fish in sample S slightly 
reduced the rates of absorption of salt. Fish 
chemical composition varies greatly between 
species and individuals, depending on 
starvation and intensive food intake periods, as 
well as external factors such as temperature and 
salinity (Huss, 1995; Zlatanos and Laskaridis, 
2007). The salt content in our study is 
considerably higher than that reported in 
numerous other studies (Ababouch and El 
Marrakchi, 2009; Czerner and Yeannes, 2014; 
Zang et al., 2019). This could be due to the 
uncontrolled and unregulated salting process 
applied according to the artisanal method. 

 
Table 2. Values of trace mineral elements and heavy metals in salted-ripened anchovies. 

 Samples 
S I D 

Trace mineral elements (ppm) 

Zinc (Zn) 0.2219 ± 0.002a 0.4056 ± 0.032b 0.3344 ± 0.015c 
Manganese (Mn) 0.0562 ± 0.001a 0.0351 ± 0.005b 0.0066 ± 0.003c 
Iron (Fe) 0.1351 ± 0.010a 0.2091 ± 0.022b 0.0777 ± 0.034c 
Copper (Cu) 0.0247 ± 0.017a 0.0332 ± 0.022a 0.0570 ± 0.013a 

Heavy metals (ppm) 

Lead (Pb) 0.0264 ± 0.002a 0.0966 ± 0.004b 0.1142 ± 0.009c 
Chromium (Cr) 0.0256 ± 0.092a 0.0584 ± 0.111a 0.0531 ± 0.102a 
Cadmium (Cd) 0.0212 ± 0.001a 0.0119 ± 0.003a 0.0132 ± 0.001a 

a-c Values in the same line and labelled with different letters differ significantly (p < 0.01). 
 
Mineral composition 
Fish is a good source of minerals that are 
highly needed for the normal functioning of the 
body. Trace minerals Zn, Mn, Fe, and Cu, were 
present in the range of 0.0066 ± 0.003 to 
0.4056 ± 0.032 ppm in the fish (Table 2). 
Mineral and metal content can vary depending 
on the surrounding environment (Sen et al., 
2011). Zn was the main mineral noticed in all 
samples with the highest level found in sample 
I, followed by iron (Fe) with an important 
amount recorded for sample I. Our results are 
lower than those reported by several authors 

(Mol, 2011; Galaţchi et al., 2017; Afandi et al., 
2018; Sofoulaki et al., 2018).  

As shown in the table above, cadmium and 
lead were lower than the allowed levels of the 
EU legislation (0.30 μg/g or 0.30 ppm) and 
chromium was lower than the content 
registered by Chandrashekar and Deosthale, 
(1993) and Afandi et al. (2018) who reported a 
value of 69.3 µg/100g and 0.27 ± 0.442 µg/g, 
respectively. 

Variations in metal bioaccumulation 
between species have been attributed primarily 
to different diets and trophic levels (Metian et 
al., 2013; Renieri et al., 2014). During its 
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reproductive cycle, anchovy consumes only 
foods with high-energetic value, which 
increases its feeding intensity (Karachle and 
Stergiou, 2013). Finally, various intrinsic 
parameters such as body size, age, sex (Sarkar 
et al., 2008) as well as proximate composition 
(lipid and protein contents) (Kalantzi et al., 
2016; Sofoulaki et al., 2018) have also been 
proposed to explain differences in 
bioaccumulation or metal load among different 
species. 

Fatty acid composition 
There were changes in the fatty acid profiles 
(Table 3). Saturated Fatty Acids (SFA) are the 
most common fatty acids found in all samples. 
The major saturated fatty acids (SFA) were 
C16:0 and C18:0 with the highest percentage of 
C16:0. This finding is consistent with previous 
research, which reported C16:0 to be the most 
abundant fatty acid in anchovies (Bayir et al., 
2006) and almost all fish species (Özogul et al., 
2007). Similarly, the monounsaturated fatty 
acids (MUFA) and polyunsaturated fatty acids 
(PUFA) contents showed a higher proportion in 

the anchovies collected from the surface and 
deep layers, respectively. The PUFA increased 
as the depth increased. Among the individual 
fatty acids, C16:0 and C18:1 were predominant 
in all samples. C2:0, C16:0, and C18:1 
decreased with depth, whereas C18:0 and 
C18:2 increased. In addition, only sample D 
contained Docosahexaenoic acid (DHA; C22:6) 
with a percent of 2.42% while the 
Eicosapentaenoic acid (EPA; C20:5) content, 
which was present only in the two samples I 
and D, showed a higher content in sample D, 
with a percentage of 1.18 ± 0.24%. According 
to Bayir et al. (2006), anchovy contains 
11.68% EPA and 25.85% DHA. In addition, 
Zlatanos and Laskaridis (2007) found that EPA 
and DHA levels in anchovy ranged from 2.46 
to 12.4%, and 12.23 to 32.46%, respectively, 
depending on the season. Saglik and Imre 
(2001) determined EPA (0.86 g/100g) and 
DHA (1.56 g/100g) in anchovy. Our results are 
closer to those obtained by Zlatanos and 
Laskaridis (2007) in DHA value and Saglik and 
Imre (2001) in EPA content. 

 
Table 3. Fatty acid composition of salted-ripened anchovies. 

Fatty acids (%) Samples 
           S I D 

Saturated fatty acids (SFA) 
Oxalic acid (C2:0) 1.47 ± 0.00a 0.61 ± 0.01b 0.41 ± 0.01c 
Caplrylic acid (C8:0) nd nd 0.17 ± 0.00 
Capric acid (C10:0) 2.02 ± 0.08 nd 0.18 ± 0.13 
Lauric acid (C12:0) nd nd 0.26 ± 0.08 
Pentadecylic acid (C15:0) nd nd 1.63 ± 0.11 
Palmitic acid (C16:0) 42.03 ± 0.10a 38.24 ± 0.06a 36.21 ± 0.15a 
Margaric acid (C17:0) nd nd 1.73 ± 0.13 
Stearic acid (C18:0) 8.78 ± 0.18a 11.11 ± 0.27b 13.19 ± 0.07c 
Arachidic acid (C20:0) nd nd 0.35 ± 0.15 

Monounsaturated fatty acids (MUFA) 
Hexadecanoic acid (C16 ∆7) nd nd 0.65 ± 0.00 
Palmitoleic acid (C16∆9) 1.99 ± 0.01 nd 0.23 ± 0.01 
Oleic acid (C18 ∆9) 29.46 ± 0.00a 22.42 ± 0.03b 22.24 ± 0.07c 
Vaccenic acid (C18∆11) nd nd 3.60 ± 0.05 
Gondoic acid (C20∆11) nd nd 0.27 ± 0.00 

Polyunsaturated fatty acids (PUFA) 
Octadecadienoic acid (C 18 ∆8, 11) 2.05 ± 0.33a 4.01 ± 0.08b 4.70 ± 0.03c 
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Eicosapentaenoic acid (C 20 Δ 5, 8, 11, 14, 17) nd 1.10 ± 0.10 1.18 ± 0.24 
Docosahexaenoic acid (C 22 Δ 4, 7, 10, 13, 16, 19) nd nd 2.42 ± 0.17 
∑ SFA 54.30 ± 0.36 49.96 ± 0.34 54.13 ± 0.83 
∑ MUFA 31.45 ± 0.01 22.42 ± 0.03 26.99 ± 0.13 
∑ PUFA 2.05 ± 0.33 5.11 ± 0.18 8.30 ± 0.44 

                 nd: not detected, a-c Values in the same line and labelled with different letters differ significantly (p < 0.01). 
Anchovy, Atlantic herring, and both farmed 

and wild salmon contain, in decreasing order, 
2055 to 1840 mg/100g EPA+DHA, while 
Atlantic mackerel, bluefish, Atlantic sardines, 
and trout contain from 1203 to 936 mg/100g 
(Mozaffarian and Wu, 2011). 

Therefore, it is very important to underline 
that there was a depth effect on the whole 
quality characteristics of the fish related to the 
effect of pressure on the salting and ripening 
process of anchovies. According to previous 
reports, the main issue with the vat or barrel 
salting method is product irregularity because 
the height of the barrel and the pressure exerted 
by weight can create different salt 
concentrations at different levels in the same 
barrel. To avoid this, the upper layers should 
receive nearly twice the amount of salt as the 
bottom layers. Furthermore, brining, at a level 
of about 70%, is a faster method of preserving 
fish. The lower the salt concentration and the 
fatter the fish is, the longer the period of 
brining required to ensure extended shelf life 
will be. The principal problem encountered 
here is that, as the fish absorbs salt from the 
brine and releases water from the tissues, the 
brine becomes diluted. Salt must therefore be 
added regularly (periodically) and the solution 
stirred frequently to ensure that the added salt 
does not settle down (Curtis, 1993). In our case, 
and based on an informal discussion with the 
vendor, this depth effect was mainly ascribed to 
the processing technique as to how the salting 
was applied. His information indicates that the 
upper layers received the same amount of salt 
as the bottom layers. 

Previous studies, as previously mentioned, 
had found a negative correlation between fat 
and moisture; in our study, we found the same 
kind of relationship, but not only between the 
aforementioned two parameters. There was also 
an inverse relationship between ash and 

moisture, salt and moisture, and free fatty acid 
and moisture contents. The other thing to 
observe is the direct relation between crude 
protein and moisture content. It is necessary to 
note that all of these results are deeply 
connected with the difference in depth levels, 
from the superficial to the deeper one. In the 
same line, we noticed a clear increase with 
increasing depth levels in the poly-unsaturated 
fatty acid profile. There is no recent data that 
explains clearly this influence on the proximate 
composition of our traditional salted-ripened 
anchovy, but it is clear that the difference in 
level from which we collected our samples was 
the significant factor. 

3.3. Microbiological flora analysis  
As shown in Table 1, counts of aerobic 

mesophilic bacteria ranged from 2.0×104 ± 1.0 
to 4.0×104 ± 1.1 CFU/g, and lactic acid bacteria 
counts were between 1×106 ± 0.7 and 1.3×107 ± 
0.1 CFU/g. Yeasts and mould colonies were 
only found in sample S. None of the total and 
thermotolerant coliforms, staphylococci, and 
sulfito-reducing Clostridium were detected. 
The obtained results were in agreement with 
the microbiological criteria limits fixed by the 
Official Journal of the Algerian Republic 
(2017). It is clear from the results that the 
almost complete absence of spoilage and 
pathogenic flora is mainly due to the 
preservative effect of high levels of salt, which 
results in a decrease in water activity, thereby 
promoting less availability to microbial attack 
and an improvement of functional properties 
(Santiago and Maurizio, 2002). 

The count of halophilic bacteria in final salt 
concentrations of 5% and 10% (w/v) was 
between 1.23×103 ± 0.83 and 2.64×103 ± 0.55 
CFU/g and 1.12×103 ± 1.00 and 1.43×103 ± 
0.59 CFU/g, respectively (Table 1). Previous 
data reported that the halophilic flora varies 
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between 1.0×104 CFU/g and 6.4×104 CFU/g at 
salt concentrations between 5 and 10% after 73 
days of anchovy’s maturation (Czerner and 
Yeannes, 2014). This halophilic population of 
anchovy represents the bacterial load present in 
the marine environment; halophilic bacteria 
naturally occur in the outer layer of the skin, on 
the gills, and intestines of marine fish (Prescott 
et al., 1996). Processing environments such as 
handling, storage, and practical methods for 
preserving quality, including the salting 
process, could also affect halophilic count in 
fish. 

A gradual increase was observed in 
halophilic bacterial count from the superficial 
to the deeper part (Table 1). This variation in 
counts could be firstly related to the initial 
concentration of microorganisms in the pre-
salting stage where halophilic bacteria from salt 
could develop to a certain extent before being 
in contact with anchovies (Perez et al., 2018), 
and secondly due to the gradual increase in 
salinity created by the depth and the salting 
processing technique, which therefore gives 
higher to a lower count in halophilic 
microflora. During the salted anchovy ripening 
process, the halophilic microflora was found to 
be dominated by moderate and extremely 
halophilic bacteria, showing an important role 
in the ripening process (Czerner and Yeannes, 
2014; Felix et al., 2016; Perez et al., 2018; 
2020). 

3.4. Sensory analysis  
In terms of organoleptic quality, the overall 

acceptability of fish, as measured on an 8-point 
quality scale (Filsinger et al., 1982), was 4.20, 
4.76, and 5.80 for samples I, D, and S, 
respectively. The fish was rated regular 
organoleptically, though the average sensory 
scores of the samples varied slightly between 
3.12 ± 1.05 and 4.08 ± 0.09, corresponding to a 
semi-ripened product. This could be due to 
variations in the fish’s time-temperature 
history. Our scores are lower than those 
reported by Czerner and Yeannes (2013), who 
recorded a mean sensory score of 5.6, 5.1, and 
4.5. 

 

4. Conclusions 
In conclusion, salted-ripened anchovy 

samples showed low protein content, high 
levels of ash and salt, and a wide variation in 
lipid content. These findings could be attributed 
to the traditional preparing conditions. As a 
result, traditional methods of preparation 
should be inspected, especially regarding the 
amount and the quality of added salt, raw 
material, as well as fish to salt ratio. On the 
other hand, there was an evident correlation 
between the depth levels from where the 
samples were collected, the halophilic bacterial 
count, and the poly-unsaturated fatty acid 
profile, which could constitute very useful 
information to initiate a comprehensive study 
on this topic. 
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