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1 Department of Seafood Processing, Faculty of Fisheries, İzmir Katip Çelebi University, İzmir 35620, Turkey;
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Abstract: This study demonstrates the effects of the freezing and frozen storage of anchovies prior to
brining and dry-salting on quality changes and food safety during refrigerated storage (4 ± 1 ◦C).
Fresh anchovies were divided into two groups, one of which was used as a control representing fresh
raw material; the other was the experimental group and consisted of frozen and thawed anchovies
stored at −18 ◦C for a year. Five different salt concentrations were used for brining (10, 15, 20, 25 and
30%) in addition to the dry-salting method. Microbiological, chemical, physical and sensory analyses
were carried out during storage. Salt concentration and salting method had significant effects on
the shelf-life of salted anchovy products, with the highest shelf-life corresponding to dry-salted
anchovies (p < 0.05). The effect of using frozen and thawed raw materials for salting on the shelf-life
depended on the processing method since the experimental dry-salted group had a shelf-life one
month longer than that of the control group, while the opposite situation occurred for the brined
samples, with one exception. Strong correlations were usually found between sensory values and
chemical quality parameters (R2: 0.83–0.99 for the control group and 0.63–0.99 for the experimental
group). The results demonstrated that the experimental group, with some exceptions, had better
values for most quality and food safety parameters in comparison to the control group, indicating
the advantage of using frozen and thawed raw materials before salting to prevent spoilage and
enhance food safety. Considering that the experimental group was produced from one-year-stored
raw material compared to the control group, the advantage of the freezing and frozen storage of
anchovies can be accepted as much higher versus when freezing is not implemented. The positive
effect is due to the fact that frozen anchovies absorb salt faster after thawing, especially in groups
with high salt concentrations. Therefore, it can be concluded that frozen salted anchovies can be
utilized for longer as they have a longer shelf-life, particularly when using either the 30% brining or
dry-salting method.
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1. Introduction

Anchovies are a pelagic fish species belonging to the Engraulidae family [1]. They are
among the most captured fish species in world fisheries, having had the highest catch rates
for many years. The European anchovy (Engraulis encrasicolus) ranks third among common
anchovy species, with approximately 514,752 tons produced in 2020 [2]. Anchovies are
known ecologically and economically as the most important fish species for the Black Sea
ecosystem, as well as for other seas in different countries [1,3,4].
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Anchovies are a well-liked and commonly consumed fish in both human and animal
diets around the world [2]. Anchovy has a high nutritional value, mainly due to its high
polyunsaturated fatty acid content, particularly omega-3 fatty acids [5]. Our previous
findings demonstrated that approximately 25 g of European anchovies caught from the
Black Sea is enough to comply with the daily recommended n-3 polyunsaturated fatty acid
(PUFA) intake for human consumption [5]. Moreover, it was also found that approximately
130 g of edible anchovy meat provides satisfactory levels of eicosapentaenoic acid + do-
cosahexaenoic acid (EPA + DHA) according to recommended weekly requirements from
several health authorities [5,6]. However, anchovies have a limited catching season (from
October to March), which is usually accompanied by a high production volume. Anchovies
are also highly perishable small pelagic fish due to their high fat content and the rapid
autolytic degradation, particularly in the abdominal portion, that occurs during storage [7].
Therefore, several preservation techniques are used to distribute high catch rates through-
out the year. Among these are freezing, which is most commonly used, followed by salting
and marinating. Towards the beginning of new anchovy seasons, frozen anchovies have
low consumer demand; therefore, they are sold under value for either human consumption
or as animal feed (e.g., tuna feed). Moreover, this species has a better market value and
consumer acceptance when marketed as either salted or smoked in comparison to frozen,
unprocessed products [8].

Salting is one of the cheapest preserving/processing techniques traditionally applied
in the fisheries industry, particularly in undeveloped countries. However, this technique
is also now commonly applied around the world, including in developing/developed
countries, since it is a method of delaying fish spoilage and preventing food health hazards.
It is also used prior to other processing methods such as marinating, drying, fermenting
and smoking. Various fish salting methods are known, although the most common ones
are dry-salting and brining. The raw materials used for salting can be either fresh or
previously frozen. Since fresh anchovies are very susceptible to spoilage, freezing raw
materials is commonly applied in the fish processing sector [9]. Moreover, past studies
have demonstrated that anchovies are susceptible to parasite infection, particularly with
Anisakis simplex and A. pegreffii [10–12]. As the freezing of fish is one of the methods that
has been reported to inactivate the larvae of parasites in seafood products, the European
Commission requires the freezing of the fish at a temperature of no more than −20 ◦C for
24 h prior to such industrial processes for fish products when they are to be consumed raw
or semi-raw without cooking [13,14]. In the USA, the FDA (Food and Drug Administration)
requires that all fish and shellfish intended for raw or semi-raw (e.g., marinated or partly
cooked) consumption be blast-frozen to −35 ◦C or below for 15 h or be completely frozen
to −20 ◦C or below for 7 days [15,16]. It was claimed that freezing might affect the quality
of traditional fish products due to its effect on the texture and protein structure of the fish
muscle [11,13,17–19]. Therefore, in order to avoid freezing, some countries, such as Spain,
have specified technical salting parameters and curing periods to be able to inactivate
Anisakidae larvae: salt concentrations in fish above 9% for at least 6 weeks, between 10%
and 20% for at least 4 weeks, or more than 20% for at least 3 weeks [20].

On the other hand, different studies have reported some advantages of freezing prior to
some traditional fish processing techniques (e.g., salting, marinating and smoking), particu-
larly in terms of a faster salt uptake compared to the fresh use of raw materials, resulting
in faster ripening rates, lower biogenic amine contents and longer shelf-life [19,21–23].
However, the frozen raw fish used in past studies relating to this subject were usually
stored for less than a month prior to testing (experimental trials). Therefore, the effect of
the longer frozen storage period on the quality changes of traditional fish products is not
clear. Moreover, there has been no research into the effect of freezing prior to salting on
the quality of salted European anchovies. The effect of long-term frozen storage prior to
processing on the quality of salted products should be examined in order to allow frozen
anchovies to be processed at long intervals outside of the season. Therefore, the purpose of
this study was to investigate the effect of freezing the raw materials prior to salting on the
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quality of salted anchovies during refrigerated storage. Moreover, it also aimed to identify
the changes in food safety parameters during storage at different salt concentrations in
comparison to the use of fresh raw materials.

2. Materials and Methods
2.1. Chemicals and Reagents

Salt (rock salt; Billur Tuz, İzmir, Turkey) was obtained from a supermarket. All chemicals
and solvents used were analytical and chromatographic grade, respectively. They were
purchased from Sigma-Aldrich (Buchs, Switzerland) and Merck (Istanbul, Turkey).

2.2. Sampling Plan and Sample Preparations

The anchovies (Engraulis encrasicolus) were caught from the northeast of the Turkish
Black Sea by commercial purse-seiners and brought to shore within several hours after the
catch. They were purchased from a wholesale market and divided into two groups: the
control and experimental groups. The control group contained fresh anchovies, which were
immediately brought to the laboratory for processing (brining and dry-salting) in ice at a
ratio of 1:1 within an hour. The experimental group was transferred to a commercial fish
processing company called POLIFISH, situated 20 min’ drive away from our laboratory, in
the same conditions. They were frozen immediately at −40 ◦C in the company’s freezer
and kept at –18 ± 2 ◦C in their cold storage units for a year. Then, the frozen fish were
transferred to our laboratory via the company’s frigofrig system and were defrosted at our
laboratory overnight at 4 ± 1 ◦C in a refrigerator (Arçelik 8810 NF, Trabzon, Turkey). The
physical characteristics of the anchovies were determined by measuring the total length
and weight of the whole fish. The average size and weight of the fish were 12.48 ± 1.26 cm
and 10.21 ± 2.89 g, respectively.

2.3. Salting and Storage Procedures

The anchovies belonging to each group were headed, gutted and washed under
running tap water. Then, each group was subdivided into two groups according to their
salting methods. The first subgroup was dry-salted using fish:salt ratio of 3:1 (w:w) in
2 glass jars (8 L each). This was performed layer by layer, starting and ending with salt
layers at the bottom and top. The first brine, containing blood that came out of dry-salted
products, was replaced with fresh saturated brine after 2 weeks. The second subgroup
was brined using salt concentrations of 10, 15, 20, 25 and 30% with a ratio of 1:2 fish:brine
(w:w). Weight was added to the top of the fish in the jar (10 glass jars-8 L) to stop them from
floating on the water. The brine solution was changed after the 1st week for the groups
relating to salt concentrations of 10, 15 and 20% and after the 2nd week for the groups
relating to salt concentrations of 25 and 30%. All groups relating to dry-salting and brining
methods were stored in a refrigerator (4 ± 1 ◦C) for further analysis. The same processing
technique was also applied to the frozen and thawed anchovies. The products were stored
until they were found to be spoilt depending on their overall sensory evaluation. Sampling
was carried out in the first week and then monthly for a year to determine quality changes
as well as biogenic amine formation for product safety. Triplicate sampling was carried
out from different parts of the raw materials and salted anchovies for each sampling time
under sterile conditions in order to avoid microbial contamination. For each sampling,
about 500 g of anchovies were weighed and divided into 200 g for sensory analysis, 100 g
for microbiological analysis, and the rest for other analyses. The analytical methods are
explained below.

2.4. Sensory Analysis

Sensory analyses were performed using a modified method derived from the methods
of Karaçam et al. [24], Hernandez-Herrero et al. [25], and Archer [26]. Eight trained
panelists judged the texture, appearance, odour, and overall acceptability of the samples
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using a 10-point descriptive scale. The criteria used for sensory evaluation are shown in
Supplementary Table S1.

2.5. Analysis of Moisture and Salt Contents, aw and pH

Moisture content was determined by oven-drying 5 g of fish muscle at 105 ◦C until a
constant weight was obtained [27]. The results were expressed as grams of water per 100 g
of muscle. The dry matter value was calculated from the results of the moisture contents.
The Mohr method was used to determine salt content (NaCl) in fish muscle, as described
in Rohani et al. [28]. Water phase salt (WPS) was calculated from the amount of salt in the
product relative to the product moisture and salt content using the following equation [29]:

WPS% = [salt%/(salt% + moisture%)] × 100

Water activity (aw) was measured using an AQUALAB TE3 model water activity meter
according to the principles described in Minegishi et al. [30]. The pH measurements were
taken with a digital pH meter (Jenco 6230N, San Bernardino, CA, USA) by placing the
electrode into the samples where 5 g of fish flesh had been homogenized with 10 mL of
distilled water. Readings were carried out for both aw and pH in triplicate.

2.6. Analysis of Chemical Spoilage Parameters

Total volatile base nitrogen (TVB-N) content was determined according to the method
described by Goulas and Kontominas [31]. Thiobarbituric acid (TBA) values, expressed in
mg malonaldehyde (MA/kg), were estimated using the method described by Smith et al. [32].
The method of Boland and Paige [33] was used to conduct trimethylamine (TMA) analysis.

2.7. Analysis of Biogenic Amines

Biogenic amines were analyzed using the high-performance liquid chromatography
(HPLC) method of Köse et al. [34]. The HPLC equipment used was Shimadzu Prominence
LC-20 AT series (Japan) HPLC with an autosampler (SıL20AC, Shimadzu, Japan), a diode
array detector (SPD-M20A, Shimadzu, Japan), and an Inertsil column (GL Sciences, ODS-
3, 5 µm, 4.6 × 250 mm). This method originated from EU-suggested methods [14]. To
extract biogenic amines, 10 mL of 0.4 M perchloric acid was added to a 5 g sample, and the
mixture was homogenized by an ultra-turrax homogenizer (IKA T 25, Digital, Taufkirchen,
Germany) in an ice bath and centrifuged (MPW 350 R. MPW Med. Instruments., Warsaw,
Poland) at 2440 g at 4 ◦C for 10 min. The supernatant was collected, and the residue was
extracted again with 10 mL of a 0.4 M perchloric acid solution. Both supernatants were
combined and filtered through Whatman paper (No. 42). The final volume was adjusted
to 25 mL with 0.4 M perchloric acid. Each sample extract and diluted standard solutions
of 0.5 mL were mixed with 100 µL of 2 N sodium hydroxide and 150 µL of saturated
sodium bicarbonate. One milliliter of a dansyl chloride solution (10 mg/mL) prepared
in acetone was added to the mixture. This was mixed well, and incubated at 40 ◦C for
45 min and cooled down to room temperature in 10 min. Subsequently, the residual dansyl
chloride was removed by the addition of 50 µL 25% ammonia solution. After 30 min of
incubation at room temperature, the extract was adjusted to 5 mL with the ammonium
acetate: acetonitrile mixture (1:1 v/v) and mixed well with a vortex (Nüve NM 110, Ankara,
Turkey). The extract was filtered through filters with 0.45 µm pore sizes (Millipore Co.,
Bedford, MA, USA) and injected into HPLC. The gradient elution system contained 0.1 M
ammonium acetate as solvent A and acetonitrile as solvent B. The gradient elution was
initiated with 50% A and 50% B, and terminated in 19 min with 90% B, with a run time
of 20 min. The system was equilibrated for 8 min before the next run. The flow rate was
0.9 mL/min, and a 20 µL sample was injected into the column. The column temperature
was 40 ◦C, and amines were detected at 254 nm. Triplicate sampling was carried out and
performed separately per group at each sampling point.
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2.8. Microbiological Analysis

Twenty-five grams of samples were aseptically weighed into a sterile stomacher
bag containing 225 mL of sterile physiological saline (0.85%) and homogenized using a
stomacher (Mayo, HG400V, Italy) for 4 min at the highest speed. Further decimal dilutions
were prepared in physiological saline (0.85%). Total volatile aerobic mesophilic bacteria
(TVAMB) were counted using a plate-count agar incubated at 37 ◦C for 48 h. Histamine-
forming bacteria (HFB) were determined according to the methods used by Köse [35]
and Niven et al. [36]. The total HFB isolation agar contained 0.5% tryptone, 0.5% yeast
extract, 2.35% L-histidine-HCl, 0.5% NaCl, 0.06% bromocresol purple, 0.1% CaC03, and 2%
agar (pH 6.5) [36]. Mesophilic HFB was determined using the same incubation conditions
applied to TVAMB. Halophilic bacteria (HB) counts were carried out according to the work
of Gürgün and Halkman [37]. Microbial counts were carried out in duplicate and expressed
as log CFU g−1.

2.9. Statistical Analysis

The data obtained were analyzed via an analysis of variance (One-way ANOVA) and,
when significant differences were found, comparisons among means were carried out via
a Tukey and Mann–Whitney U test (data not provided in the normality of assumptions)
under the program called JMP 5.0.1 (SAS Institute, Inc., Cary, NC, USA) and SPSS (SPSS
Inc., Chicago, IL, USA) [38]. A significance level of 95% (p < 0.05) was used throughout the
analysis. Linear regression analysis was calculated using Microsoft EXCEL, 2003.

3. Results and Discussion

Figure 1 demonstrates sensory values corresponding to salted anchovies from both
fresh (control group) and frozen and thawed raw materials (experimental group) stored
at refrigerated temperatures. Salt concentration had a significant effect on the shelf-lives
of the products (p < 0.05), as also supported by previous studies [25,39]. The best shelf-
life was obtained with the dry-salted product for over a year in the experimental group.
Products brined at 10, 15, 20, 25, and 30% salt concentrations had shelf-lives for the control
group of 2 weeks, 2 months, 4 months, 5 months, and 9 months, respectively. Lower
shelf-lives (one month for each subgroup depending on salt concentration) occurred for the
experimental group for the brined samples except at 10%, which had the same storage life.
An opposite situation occurred for the dry-salted products, as freezing or frozen storage
of raw materials prior to salting extended the shelf-life of products in refrigerated storage
for a month. Therefore, this study demonstrates that salting methods affect the curing of
fish depending on the conditions of the raw material used. In the case of using frozen and
defrosted raw materials before salting anchovies, it is advised to use dry-salting instead of
brining.

Differences in the effect of freezing fish prior to dry-salting and brining were reported
by different studies on fish quality and maturation rates [22,23,40]. Similar results were
obtained by our earlier study with dry-salted Atlantic bonito (lakerda) using fish that had
previously been frozen and thawed for a month [23]. The previous study showed that
the sensory scores of lakerda processed from previously frozen A. bonito were higher
than those of freshly processed fish. Faster salt uptake was also obtained. Moreover,
Mendes et al. [22] investigated the effect of freezing on the changes in free amino acids
and biogenic amines during the ripening of fresh and frozen sardines. They found that
freezing had a positive effect on the final quality of ripened sardines as it decreased the
bacterial activity responsible for biogenic amine formation. Besteiro et al. [40] reported that
frozen and thawed anchovies were successfully ripened, giving a final product with fully
acceptable organoleptic characteristics despite the fact that freezing prior to processing
slowed ripening.



Appl. Sci. 2023, 13, 6200 6 of 23
Appl. Sci. 2023, 13, x FOR PEER REVIEW 6 of 25 
 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

Figure 1. The changes in the sensory values of dry-salted and brined anchovies prepared from fresh 
and previously frozen and thawed raw materials during refrigerated storage (4 ± 1 °C). DS: dry-
salted anchovies, (a): appearance scores of the control group, (b): appearance scores of the experi-
mental group (prepared from frozen material), (c): odour scores of the control group, (d): odour 
scores of the experimental group (prepared from frozen material), (e): texture scores of the control 

Storage Time

0 1 W 2 W 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 M 10 M 11 M

A
pp

ea
re

nc
e 

S
co

re
s

0

2

4

6

8

10

10%
15%
20%
25%
30%
DS

Storage Time

0 1 W 2 W 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 M 10 M 11 M

O
do

ur
 S

co
re

s

0

2

4

6

8

10

10%
15%
20%
25%
30%
DS

Storage Time

0 1 W 2 W 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 M 10 M 11 M

Te
xt

ur
e 

S
co

re
s

0

2

4

6

8

10

10%
15%
20%
25%
30%
DS

Time

0 1 W 2 W 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 M 9 M 10 M 11 M

O
ve

al
l S

en
so

ry
 S

co
re

s

0

2

4

6

8

10
10%
15%
20%
25%
30%
DS

Figure 1. The changes in the sensory values of dry-salted and brined anchovies prepared from
fresh and previously frozen and thawed raw materials during refrigerated storage (4 ± 1 ◦C). DS:
dry-salted anchovies, (a): appearance scores of the control group, (b): appearance scores of the
experimental group (prepared from frozen material), (c): odour scores of the control group, (d): odour
scores of the experimental group (prepared from frozen material), I: texture scores of the control
group, (f): texture scores of the experimental group (prepared from frozen material), (g): overall
sensory scores results of the control group, (h): overall sensory scores results of the experimental
group (prepared from frozen material).
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The effect of freezing the raw material on the quality changes of salted fish products
can vary according to fish species, the type of products, and the time and temperature
used for freezing and frozen storage. In fact, Szymczak [18,19] demonstrated that although
previously frozen herrings had higher salt uptake when marinating compared to fresh
herrings, they had lower sensory values. Sigurgisladottir et al. [17] investigated the changes
in microstructure and texture during the smoking of fresh and frozen/thawed Atlantic
salmon. They found that the muscle fibers from the frozen and thawed fish shrank, and the
extracellular space increased compared to the fresh muscle.

The changes In the moisture contents during the ripening of anchovies stored at
refrigerated temperatures for both groups are represented in Figure 2. The main purpose
of salting fish is to decrease its moisture content, leading to a reduced aw of the products.
The moisture contents of brined samples significantly dropped in parallel to increasing
salt concentration levels in brine, except at 10% (p < 0.05). There were strong negative
correlations between salt and moisture contents, and moisture content and aw values for all
subgroups of the control with the correlation coefficient results varied in R2: 0.73–0.99 and
R2: 0.70–0.99, respectively, with the lowest correlations represented by samples brined at
10% (Table 1 and Supplementary Tables S2 and S3). The freezing and frozen storage of
raw materials prior to processing significantly affected the salt uptake, and also decreased
the moisture contents and aw (p < 0.05). However, the correlation was slightly weaker for
the experimental group, standing at R2: 0.69–0.97 and R2: 0.78–0.98, in the same respect
(Table 1 and Supplementary Tables S2 and S3).
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Figure 2. The results for moisture, pH, aw, salt (%), and WPS (%) of dry-salted and brined anchovies
during storage. (a) Moisture results of the control group; (b) Moisture results of the experimental
group (prepared from frozen material); (c) pH results of the control group; (d) pH results of the
experimental group (prepared from frozen material); I aw results of the control group; (f) aw results
of the experimental group (prepared from frozen material); (g) salt (%) results of the control group;
(h) salt (%) results of the experimental group (prepared from frozen material); (i) WPS (%) results of
the control group; (j) WPS (%) results of the experimental group (prepared from frozen material).

Table 1. Correlation results among the values of salt %, moisture % and water activity for the control
and experimental groups during storage in the refrigerator (4 ± 1 ◦C).

Sample Type
Salt%—aw Salt%—Moisture% Moisture%—aw

C FM C FM C FM

10% R2 = 0.99 R2 = 0.96 R2 = 0.73 R2 = 0.86 R2 = 0.70 R2 = 0.78
15% R2 = 0.99 R2 = 0.96 R2 = 0.99 R2 = 0.76 R2 = 0.97 R2 = 0.86
20% R2 = 0.99 R2 = 0.98 R2 = 0.93 R2 = 0.96 R2 = 0.92 R2 = 0.80
25% R2 = 0.98 R2 = 0.85 R2 = 0.93 R2 = 0.71 R2 = 0.93 R2 = 0.82
30% R2 = 0.98 R2 = 0.85 R2 = 0.98 R2 = 0.69 R2 = 0.99 R2 = 0.80
DS R2 = 0.99 R2 = 0.99 R2 = 0.90 R2 = 0.97 R2 = 0.92 R2 = 0.98

C: control group; FM: experimental group; aw: water activity; DS: dry-salted.
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There were significant differences in moisture contents after the treatments using
different salt concentrations and salting methods (p < 0.05). Moreover, the reduction in
the percentage of moisture was significantly faster for dry-salted fish than for brined fish
(p < 0.05). The changes in moisture contents of brined samples were usually insignificant
after the 2nd week for the control group relating to 20, 25 and 30% salt concentrations,
with some exceptions. The changes in the brined samples for the experimental group were
usually slower and stabilized after the 1st week, with some exceptions. The changes in the
levels of dry-salted samples were found to be insignificant throughout the storage after
the 1st week for the experimental group and after the 2nd month for the control group. The
values of salt and aw closely supported these findings (Figure 2).

The lowest moisture content for the dry-salted control group was found on the 10th

day at 53.48%, while the lowest moisture value for the previously frozen and thawed group
was obtained in the 4th month at 54.28%. Czerner and Yeannes [41] obtained moisture
contents between 48.59% and 53.83% for salted-ripened anchovies (E. anchoita). In our
earlier study with commercial salted anchovies from different countries, varying moisture
contents were obtained, although the levels were usually under/around 50% for dry-salted
products [42]. Therefore, the values determined in this study were close to the values of
previous findings.

Significant differences were also obtained in the levels of salt content between the
control and experimental groups (p < 0.05). Salt uptake was significantly higher for the
experimental group in comparison to the control group, with the exception of the 20 and
30% salt concentrations (p < 0.05). Similar trends were usually obtained with WPS%, which
was calculated from the moisture and salt contents of the products (Figure 2). The salt
uptake rapidly increased up to the 2nd week of storage for both groups. However, the
increase was found to be significantly faster for the experimental group compared to the
control group, with two exceptions (p < 0.05). The changes were usually insignificant
after the 2nd week of storage. Moreover, salt concentration significantly affected the salt
uptake in the brined products (p < 0.05). The fastest salt uptake was represented by the
dry-salted products for both groups (Figure 2). Anastasio et al. [11] demonstrated that
a dry-salting process with a salt concentration of 21% in all parts of the anchovy fillets
devitalized Anisakis pegreffii larvae in a 15-day period. In the present study, the salt content
of previously frozen dry-salted anchovies supported this finding, as the salt content reached
the same level in the 1st month. Additionally, freezing and frozen storage also killed the
most parasites, indicating the advantage of using previously raw materials during salting
since salted products are used to marinate fish that is consumed without cooking; therefore,
such products represent parasite health risks [43]. The salt concentrations of various
commercially brined and dry-salted anchovies from various countries were determined to
be within the safety limits [42].

The salt contents of the products closely affected their aw since the highest salt content
resulted in the lowest aw levels (Figure 2). The initial aw level was found to be 0.996 for
both groups and dropped at the end of the 2nd week, followed by fluctuations in the levels
for each group during storage (p < 0.05). Starting from the 1st week of brined anchovies at
concentrations of 15 and 20% and starting from the 1st month with other concentrations
for the experimental group, with several exceptions, the changes in the aw values were
found to be insignificant during storage. The changes in the aw of the control group
also supported these results, mainly for 30% salt concentration and dry-salted anchovies.
Significant differences were obtained among the concentrations of brine for both groups
(p < 0.05). Moreover, using fresh raw materials instead of previously frozen and thawed
anchovies significantly affected the levels of aw values (p < 0.05). The aw levels dropped
significantly faster for the experimental group than the control group, which demonstrated
the opposite trend with the salt uptake. A very strong negative correlation was obtained
between salt and aw contents for the control group, with R2 values ranging from 0.98 to
0.99, while a strong correlation also occurred for the experimental group, with R2 values
ranging from 0.85 to 0.99 (Table 1 and Supplementary Tables S2 and S3). The higher the salt
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concentrations of brined samples were, the lower the aw values became for both the control
and experimental groups. The lowest values corresponded to the dry-salted samples for
each group.

Water activity is a growth-limiting factor for microorganisms. According to FDA
guidelines [16], the minimum aw to allow the growth of Staphylococcus aureus is 0.83, and
the minimum level to allow toxin formation using salt is 0.85. The aw values for dry-salted
anchovies of both groups were usually found to be within the safety limit on the 1st week,
as suggested by the FDA in order to prevent bacteria growth or toxin formation. The
aw levels of brined anchovies dropped to the safety level for the control group on the 1st

and 3rd months for the salt concentration groups of 30 and 25%, respectively. This level
was reached earlier for the experimental group on the 1st and 2nd weeks for 25 and 30%
salt concentrations, respectively. The levels were found to be above 0.85 for the other salt
concentration levels in both groups. Therefore, this study demonstrates the benefits of
using previously frozen and thawed raw materials in the salting of anchovies in terms of
food safety. The results of Anastasio et al. [11] and Koral and Köse [23] also supported our
findings. Therefore, these results imply that using salt concentrations above 25% during
brining and dry-salting methods could easily prevent the food safety of salted anchovies
during refrigerated storage. Moreover, using previously frozen and thawed raw materials
has an advantage over using unfrozen raw materials in terms of the food safety of salted
anchovies.

The pH of the salted anchovies significantly dropped from the initial value and then
increased with the significant changes for both groups (p < 0.05). The pH levels of the
experimental group decreased faster than those of the control group, with the lowest value
being 5.63. Significant differences occurred between the two groups as well as among the
salting methods and salt concentrations (p < 0.05). Although the pH value of the product is
essential both for its degree of spoilage and food safety, it is commonly used to evaluate a
product’s safety. The pH of fish immediately after being caught was reported to be between
6.0 and 6.5. Fresh fish is acceptable up to a pH of 6.8, but is considered to be spoiled above a
pH of 7.0 [44]. However, Martinez and Gildberg [7] pointed out that at pH 6.5, which is the
post-mortem pH of the tissue, the basic proteases play an essential role in the degradation of
myofibrillar protein and the solubilization of connective tissue. Therefore, this parameter is
used in combination with other spoilage parameters, especially for processed fish products.
The pH values of all groups were found to be within acceptable levels at their rejection
by sensory evaluation despite rising pH during storage. Moreover, Besteiro et al. [45]
pointed out that muscle enzymes such as cathepsins play a role in the ripening process.
This is particularly true for cathepsin C, which shows activity at pH 5.5–6.0. Therefore,
the pH values of dry-salted and brined anchovies prepared from previously frozen and
thawed raw materials are usually superior to those of products obtained from unfrozen raw
materials. It was also reported that a pH below 5 prevents most pathogenic bacteria growth
or toxin formation [16,43]. The levels of pH obtained for all groups were above 5, indicating
that this parameter cannot be used to judge the product safety of salted anchovies. Similar
results have been demonstrated by our earlier study of salted A. bonito, which we prepared
from both fresh and previously frozen and thawed raw materials and stored at ambient
and refrigerated temperatures [23].

The results of TVB-N, TMA, and TBA are shown in Figure 3. The values of all three
parameters increased significantly (p < 0.05) for both groups throughout the storage, and
significant differences (p < 0.05) were also observed among different salting and brine con-
centration subgroups, with some exceptions. The influence of brine concentrations on the
values of these parameters was also reported by earlier studies of anchovies prepared from
fresh raw material [23,24,46]. The higher TBA amounts found with some samples could be
because of dry-salting, which may cause samples to be more susceptible to oil oxidation
than brined samples. The increase in TVB-N and TMA levels was significantly faster for the
experimental group in comparison to the control (p < 0.05), while the differences between
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these groups were usually found to be insignificant for TBA results, except for 10 and 25%
brined anchovies.
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Figure 3. The changes in the TVB-N, TBA, and TMA of dry-salted and brined anchovies prepared from
fresh raw material (control group) in comparison to frozen and thawed raw material (experimental
group) during refrigerated storage at 4 ± 1 ◦C. TVB-N: total volatile base nitrogen; TBA: thiobarbituric
acid; TMA: trimethylamine; DS: dry-salted; MA: malonaldehyde. (a) TVB-N results of the control
group; (b) TVB-N results of the experimental group (prepared from frozen material); (c) TBA results
of the control group, (d) TBA results of the experimental group (prepared from frozen material),
(e) TMA results of the control group; (f) TMA results of the experimental group (prepared from
frozen material).

The European Union sets varying TVB-N limits of 25–35 mg/100 g for unprocessed
fishery products for certain fish species that are regarded as unfit for human consumption
in cases where organoleptic assessment has raised doubts as to their freshness [14,47].
However, anchovies are not included in EU regulations. Therefore, TVB-N levels can be
used only in support of sensory values. The present study showed that TVB-N values
supported sensory results obtained for the control group (fresh raw material), with one
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exception, for both dried and brined samples. In comparison with frozen and thawed
salted anchovies, only brined samples with concentrations of 10, 15, and 20% were in
compliance with sensory results. However, although the values of all groups were within
acceptable levels with respect to sensory evaluation (Figure 3), there was a very strong
negative correlation between TVB-N and sensory values for all groups, with the correlation
coefficient results varying in R2 from 0.90 to 0.98 for the control group and in R2 from
0.84 to 0.99 for the experimental group (Table 2 and Supplementary Tables S2 and S3).

Table 2. Correlation results between sensory values and the values of TVB-N, TBA, and TMA in the
control and experimental groups during storage in the refrigerator (4 ± 1 ◦C).

Sample Type
TVB-N—Sensory TBA—Sensory TMA—Sensory

C FM C FM C FM

10% R2 = 0.90 R2 = 0.84 R2 = 0.99 R2 = 0.68 R2 = 0.95 R2 = 0.91
15% R2 = 0.97 R2 = 0.97 R2 = 0.87 R2 = 0.96 R2 = 0.95 R2 = 0.91
20% R2 = 0.97 R2 = 0.99 R2 = 0.96 R2 = 0.94 R2 = 0.99 R2 = 0.92
25% R2 = 0.92 R2 = 0.90 R2 = 0.92 R2 = 0.63 R2 = 0.83 R2 = 0.69
30% R2 = 0.98 R2 = 0.95 R2 = 0.97 R2 = 0.90 R2 = 0.93 R2 = 0.90
DS R2 = 0.97 R2 = 0.97 R2 = 0.93 R2 = 0.93 R2 = 0.90 R2 = 0.98

C: control group; FM: experimental group; TVB-N: total volatile base nitrogen; TBA: thiobarbituric acid; TMA:
trimethylamine; DS: dry-salted.

TBA is also used as a quality parameter, particularly relating to lipid oxidation. It
has been suggested that TBA values less than 5 mg MA/kg are indicative of the good
quality of the fish, with 8 mg MA/kg being the limit value for consumption [44]. There
was a strong negative correlation between TBA results and sensory values, with R2 ranging
within 0.87–0.99 for the control group, while a weaker correlation was obtained for the ex-
perimental group in a range of R2: 0.63–0.96 (Table 2 and Supplementary Tables S2 and S3).
However, the determined values did not reach the limit value of TBA for consumption.
Brined samples of all concentrations for both groups showed good quality, depending
on TBA values. It was reported that TBA values may not reveal the actual rate of lipid
oxidation since malonaldehyde may interact with other fish components, such as the end
products of lipid oxidation. Additionally, this interaction varies with fish species [48]. In
this study, the highest TBA values were obtained for the dry-salted anchovies for both
experimental and control groups at 6.94 and 7.22 mg MA/kg, respectively, towards the
end of the storage trial. Our previous study [23] demonstrated that high salt content can
accelerate lipid oxidation, while freezing and frozen storage prior to salting can retard
oxidative changes in A. bonito products. The present study supported these findings,
with the exception that freezing did not retard TBA development for all salt concentration
groups. This might be explained by the differences in salting methods and fish species
as well as the initial lipid contents. Hernandez-Herrero et al. [25] obtained higher TBA
values for dry-salted anchovies. The differences can be attributed to the higher initial TBA
contents.

TMA is generated in fresh marine fish by the reduction of trimethylamine oxide
(TMAO) by specific spoilage bacteria [41,44]. Connell [49] has fixed a limit of 15 mg/100 g
for fresh fish. In the present study, TMA values were well below the suggested limit, with
the highest values obtained at 6.92 and 7.2 mg/100 g for the brined control and experimental
groups on the 2nd month of storage (for 15 and 10% brine, respectively). There was a very
strong negative correlation between TMA and sensory values for all groups, with R2 values
ranging within 0.83–0.99, with the exception of a 25% brined sample of the experimental
group, which showed an R2 value of 0.63 (Table 2 and Supplementary Tables S2 and S3).
The higher the salt concentrations were, the lower the TMA contents became, indicating
that TMA development can be retarded by the increase in salt concentration for both
groups. The rise in levels was found to be higher for the control group in comparison
to the experimental group, with several exceptions. This result indicates the advantage
of freezing and thawing raw materials over unfrozen raw materials prior to salting. An
opposite situation was obtained by our earlier study using A. bonito that had previously
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been frozen and thawed for a month [23]. Shiriskar et al. [50] obtained an increase in TMA
values during the storage of salted and pressed anchovies (Stolephorus sp.), and the levels
reached up to 15.3 mg/100 g on the 5th week at ambient temperature.

Table 3 represents the microbial counts of both groups during refrigerated storage.
The initial TVAMB and HFB loads of fresh anchovies prior to processing and freezing
were found to be 2.74 and 2.12 log cfu/g, respectively. Salt concentration had a significant
effect on the bacteria growth (p < 0.05), as was also reported by previous studies [24,51].
The lower the concentrations were, the higher the bacterial load became. Therefore, the
lowest bacteria count corresponded to the dry-salted samples for both groups, followed
by the 30% brined anchovies. The control group usually had better bacterial quality
compared to the experimental group, with significant differences between various storage
times and brine concentrations (p < 0.05). While the TVAMB counts of samples with
10, 15, and 20% brine concentrations increased significantly throughout the storage, the
opposite situation was observed for other concentrations and dry-salted products for both
control and experimental groups, with the exception of a 25% brine concentration for the
frozen and thawed group (p < 0.05). A similar pattern occurred for total HFB counts, with
some exceptions relating to 20 and 25% brined samples that had fluctuations in the levels.
Limited growth was observed for HB in the first week of storage for both groups. Then
significant increases were observed for samples relating to 10–25% of brine concentrations
(p < 0.05). However, HB counts were usually found at ≤1.47 log cfu/g for 30% brine and
dry-salted products for both groups. No bacterial growth was observed for the control and
experimental groups for samples brined with 30% brine and dry-salted starting from the
1st and 2nd months, respectively.

Table 3. Change in the bacteria counts of dry-salted and brined anchovies prepared from fresh raw
material (control group) in comparison to frozen and thawed raw material (experimental group)
during refrigerated storage at 4 ± 1 ◦C (n = 3).

Storage
Time

Salt
Concentration

Sample
Type

Microbial Counts (log CFU/g)

TVAMB HB HFB

1 Week

10% C 3.04 ± 0.24 a,A,1 2.14 ± 0.15 a,A 2.86 ± 0.12 a,A,1

FM 6.64 ± 0.46 a,A,2 <1.47 2,92 ± 0.10 a,A,1

15% C 2.68 ± 0.08 a,B,1 2.05 ± 0.08 a,A 2.46 ± 0.14 a,B,1

FM 5.88 ± 0.50 a,B,2 <1.47 2,78 ± 0.06 a,A,2

20% C 2.36 ± 0.10 a,C,1 1.98 ± 0.14 a,A 2.26 ± 0.09 a,C,1

FM 5.49 ± 0.42 a,B,2 <1.47 2,58 ± 0.10 a,B,2

25% C 2.20 ± 0.09 a,C,1 <1.47 1.89 ± 0.10 a,D,1

FM 4.00 ± 0.36 a,C,2 <1,47 1,96 ± 0.08 a,C,1

30% C 2.06 ± 0.14 a,C,1 <1.47 1.66 ± 0.06 a,E,1

FM 2.48 ± 0.28 a,D,1 <1.47 1,82 ± 0.14 a,C,2

DS C 1.64 ± 0.08 D,1 <1.47 <1.47
FM 2.40 ± 0.22 a,D,2 <1.47 <1.47

1 Month

10% C 4.49 ± 0.18 b,A,1 3.06 ± 0.12 b,A,1 4.44 ± 0.12 b,A,1

FM 5.82 ± 0.36 b,A,2 5.08 ± 0.28 b,A,2 6.04 ± 0.20 b,A,2

15% C 2.96 ± 0.20 b,B,1 2.77 ± 0.14 b,B,1 2.42 ± 0.09 a,B,1

FM 4.45 ± 0.28 b,B,2 4.40 ± 0.18 a,B,2 4.79 ± 0.16 b,B,2

20% C 2.07 ± 0.10 b,C,1 2.30 ± 0.18 b,C 2.88 ± 0.14 b,C,1

FM 4.26 ± 0.26 b,B,2 NO 4.45 ± 0.22 b,C,2

25% C 1.80 ± 0.07 b,D,1 1.77 ± 0.09 a,D 1.56 ± 0.14 b,D,1

FM 4.32 ± 0.28 a,B,2 NO 4.95 ± 0.18 b,B,2

30% C 1.72 ± 0.06 b,1 1.51 ± 0.08 E <1.47
FM 3.62 ± 0.22 a,C,2 NO NO

DS C <1.47 <1.47 <1.47
FM 3.41 ± 0.30 b,C NO NO

2 Months

15% C 3.12 ± 0.18 b,A,1 3.41 ± 0.09 c,A,1 2.86 ± 0.10 b,A,1

FM 6.36 ± 0.60 c,A,2 6.43 ± 0.36 b,A,2 6.45 ± 0.34 c,A,2

20% C 3.04 ± 0.18 c,A,1 2.48 ± 0.09 b,B,1 2.64 ± 0.12 b,A,1

FM 4.45 ± 0.26 b,B,2 4.32 ± 0.30 a,B,2 4.23 ± 0.26 b,B,2

25% C <1.47 2.06 ± 0.14 b,C,1 <1.47
FM 4.20 ± 0.10 a,B 4.11 ± 0.18 a,B,2 4.28 ± 0.20 c,B

30% C <1.47 <1.47 <1.47
FM 2.65 ± 0.42 b,B NO NO

DS C NO NO NO
FM NO NO NO
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Table 3. Cont.

Storage
Time

Salt
Concentration

Sample
Type

Microbial Counts (log CFU/g)

TVAMB HB HFB

3 Months

20% C 3.36 ± 0.16 d,1 2.55 ± 0.14 b,A,1 2.86 ± 0.09 b,1

FM 5.68 ± 0.42 a,A,2 4.84 ± 0.28 b,A,2 7.60 ± 0.30 c,A,2

25% C <1.47 2.20 ± 0.12 b,B,1 <1.47
FM 4.32 ± 0.22 a,B 4.38 ± 0.20 a,B,2 4.23 ± 0.16 c,B

30%
C <1.47 <1.47 <1.47

FM NO NO NO

DS C NO NO NO
FM NO NO NO

4 Months

20% C 3.12 ± 0.18 c,1 2.86 ± 0.15 c,A,1 2.92 ± 0.08 b,1

FM 5.60 ± 0.40 a,A,2 4.92 ± 0.26 b,A,2 4.60 ± 0.14 a,A,2

25% C <1.47 2.48 ± 0.10 c,B,1 <1.47
FM 4.00 ± 0.20 a,B 3.85 ± 0.18 b,B,2 4.18 ± 0.16 c,B

30% C <1.47 <1.47 <1.47
FM NO NO NO

DS C NO NO NO
FM NO NO NO

5 Months

25% C <1.47 2.64 ± 0.09 d,1 <1.47
FM 4.51 ± 0.26 b 4.48 ± 0.28 a,2 4.28 ± 0.20 c

30% C <1.47 <1.47 <1.47
FM NO NO NO

DS C NO NO NO
FM NO NO NO

6 Months
30% C <1.47 <1.47 <1.47

FM NO NO NO

DS C NO NO NO
FM NO NO NO

7 Months
30% C <1.47 <1.47 <1.47

FM NO NO NO

DS C NO NO NO
FM NO NO NO

8 Months
30% C <1.47 <1.47 <1.47

FM NO NO NO

DS C NO NO NO
FM NO NO NO

10 Months
30% C <1.47 <1.47 <1.47

FM NO NO NO

DS C NO NO NO
FM NO NO NO

11 Months DS C NO NO NO
DS FM NO NO NO

12 Months DS FM NO NO NO

The different lowercase letters (a,b,c, etc.) within the same column represent statistical differences depending
on time spent within the same brine concentration and the dry-salting method for each group (control and
experimental groups). The different uppercase letters (A,B,C, etc.) within the same column represent statistical
differences among the different brine concentrations within the same brine concentration and dry-salting method
for each group (control and experimental). The different superscript numbers (1,2) in the front data within the same
column represent statistical differences between control and experimental groups for the same brine concentration
and dry-salting method for the same storage time. TVAMB: total viable aerobic mesophilic bacteria; HB: halophilic
bacteria; HFB: histamine-forming bacteria; M: month; C: control group; FM: prepared from frozen raw material
(experimental group); NO: no microbial growth; NA: not analyzed; <1.47: The petri dish contains less than
30 bacteria.

According to the International Commission for Microbiological Standards of Foods [52],
initial counts on fish may vary from 102 to 107 cfu/g, a total aerobic count that can only
be used as an indication of time–temperature conditions during storage if sufficient data
are known about a particular fish species. These values can change during handling and
processing. The highest TVAMB counts corresponded to the lowest brine concentration
(10%) of the experimental group on the 1st week of ripening and significantly decreased
during storage (p < 0.05) (Table 3). Various researchers reported low bacterial loads during
different stages of ripened anchovies [51,53]. In our previous study with commercially
brined and dry-salted products, TVAMB counts varied between 2.17 and 2.75 log cfu/g
and between undetectable and 3.08 log cfu/g, respectively [42].

The spoilage of salted and dried fish during storage is mainly due to the activity of
microorganisms, especially the salt-tolerant halophilic bacteria (HB). Past studies demon-
strated low or absent HB counts for these types of products at the beginning of the ripening
period, with counts usually increasing during storage [50], which was also supported



Appl. Sci. 2023, 13, 6200 15 of 23

by our findings in this study for brined samples relating to 10–25% brine concentrations
with few exceptions. High salt concentrations and low storage temperatures inhibited
HB bacteria growth, which was demonstrated in this study and in previous works [24].
Similarly, the results of the bacteria count closely supported the values of aw levels, as the
lower the aw became, the lower the microbial counts observed. Koral et al. [42] obtained
total HB counts within the 1.39–2.83 and 1.17–3.17 log cfu/g ranges in the commercial
brined and dry-salted products, respectively. For HFB counts, they obtained values varying
from undetectable to 2.62 log cfu/g and from undetectable to 2.90 in the same respect [42].

Decreasing total viable bacteria counts and slight and moderate halophilic counts
were also obtained by Hernandez-Herrero et al. [25] during the ripening period. However,
they also obtained increasing levels of extreme HB. Although high levels of HB are usually
related to spoilage, some halophiles, particularly moderate halophiles and extremely
halophilic archaea, are also related to the improving ripening quality of anchovies [41,54,55].
Yeannes et al. [56] reported that the extremely halofilic bacteria require between 15 and
30% concentrations of NaCl for growth. Czerner and Yeannes [41] demonstrated that
the ripening process of salted anchovies was dominated by moderate HB. Moreover,
they reported that many of the isolated strains showed proteolytic, lipolytic, and TMAO
reductase activities. They claimed that these activities contributed to the development of
the typical flavor of this product and to the increase in total volatile bases observed during
ripening. Therefore, the HB load obtained in this study during storage may help with the
flavor development of the brined anchovies.

Histamine is formed by the decarboxylating activity of HFB, mainly members of
the genera Klebsiella, Morganella, Vibrio, Photobacterium, and others [43,57]. However,
Hernandez-Herrero et al. [25] demonstrated that halotolerant and halophilic histamine-
producing bacteria isolated during the ripening of salted anchovies generally belong to
the Staphylococcus genus, possessing powerful histamine-forming activity in the presence
of 3% and 10% NaCl. During the ripening of salted anchovies, important proteolysis is
observed, with the liberation of peptides and free amino acids. When free histidine is
found in sufficient quantities, it can be degraded by microorganisms or their enzymes.
Consequently, histamine may be formed at this time and eventually reach toxic levels [25].

In the present study, the products corresponding to 10 and 15% brine concentrations of
the control group, and 10, 15, and 20% of the experimental group, contained a salt content of
≤10%, which is not safe for histamine development during the ripening process. However,
the brine concentrations over these values were within the safety levels for the control group
starting from the 2nd week and 1st month for 30% and 20 and 25% brine concentrations,
respectively. The salt contents of the experimental group were found to be lower than the
suggested value starting from the 1st week of brining for other brine concentrations. The
salt contents of dry-salted products were above 10% throughout the storage, starting from
the 1st week. The histamine contents obtained in this study were usually found to be under
the detection limits, with several exceptions for both groups (Table 4). Therefore, these
findings imply that the levels of salt content in the products were within the safety levels
for both groups required to prevent HFB activity, which retards histamine formation during
storage. Initial HFB in fish is important since previously formed histamine decarboxylases
can continue to decarboxylate histidine to histamine even when histamine decarboxylase-
positive bacteria are no longer viable [43]. Moreover, Karaçam et al. [24] demonstrated that
histamine can develop during the ripening of brined anchovies at ambient temperature
but that, conversely, histamine does not develop during refrigerated storage. Therefore,
the present study also supports these findings, as salting combined with cold storage can
also prevent histidine decarboxylation activity. Similar findings were also obtained by El
Filali et al. [58], with the exception of one batch. The effects of salt concentration and the
use of previously frozen raw materials on histamine development were not clear in the
previous study due to the low levels of histamine obtained in the samples.
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Table 4. The changes in the biogenic amines of dry-salted and brined anchovies prepared from fresh raw material (control group) in comparison to frozen and
thawed raw material (experimental group) during refrigerated storage at 4 ± 1 ◦C (n = 3).

Str.
Time

Salt
Cons.

Sam.
Type

Biogenic Amines (ppm)

Tryptamine Phenylethylamine Putrescine Cadaverine Histamine Tyramine Spermidine Spermine

2nd Week

10% C 4.78 ± 0.06 a,A,1 6.34 ± 0.15 a,A,1 28.26 ± 0.80 a,A,1 186.28 ± 3.02 a,A,1 <0.86 46.72 ± 1.86 a,A,1 8.12 ± 0.32 a,A,1 <0.71
FM 5.05 ± 0.10 a,A,2 1.54 ± 0.15 a,A,2 36.03 ± 1.76 a,A,2 287.22 ± 10.72 a,A,2 <0.86 78.15 ± 4.25 a,A,2 9.10 ± 0.43 a,A,2 <0.71

15% C 4.34 ± 0.08 a,B,1 5.30 ± 0.08 a,B,1 0.92 ± 0.15 a,B,1 6.40 ± 0.10 a,B,1 <0.86 4.72 ± 0.09 a,B,1 16.12 ± 0.68 a,B,1 1.40 ± 0.10 a,A,1

FM 4.87 ± 0.10 a,B,2 5.90 ± 1.08 a,B,1 0.76 ± 0.25 a,B,1 7.54 ± 0.60 a,B,2 <0.86 4.12 ± 0.08 a,B,2 17.42 ± 1.68 a,B,1 1.59 ± 0.16 a,A,1

20% C 4.78 ± 0.12 a,A,1 5.68 ± 0.26 a,B,1 <0.56 5.48 ± 0.17 a,C,1 <0.86 2.68 ± 0.14 a,C,1 15.42 ± 0.13 a,B,1 1.62 ± 0.16 a,B,1

FM 4.91 ± 0.01 a,B,1 5.81 ± 0.57 a,B,1 0.16 ± 0.07 a,C 5.22 ± 0.37 a,C,1 <0.86 2.88 ± 0.04 a,C,1 16.52 ± 0.23 a,B,2 1.53 ± 0.09 a,A,1

25% C 4.54 ± 0.18 a,B,1 9.68 ± 0.26 a,C,1 <0.56 7.36 ± 0.78 a,D,1 <0.86 3.50 ± 0.18 a,D,1 24.68 ± 0.28 a,C,1 1.78 ± 0.12 a,B,1

FM 4.54 ± 0.08 a,B,2 9.51 ± 1.07 a,C,1 0.09 ± 0.04 a,C 7.80 ± 1.84 a,B,1 <0.86 3.52 ± 0.28 a,D,1 25.02 ± 0.58 a,C,1 1.71 ± 0.08 a,A,1

30% C 4.48 ± 0.72 a,B,1 11.46 ± 0.84 a,D,1 <0.56 5.66 ± 0.56 a,C,1 <0.86 3.78 ± 0.60 a,D,1 26.02 ± 1.25 a,C,1 1.78 ± 0.28 a,B,1

FM 4.69 ± 0.18 a,B,1 10.57 ± 1.24 a,C,1 0.13 ± 0.01 a,C 5.82 ± 0.17 a,C,1 <0.86 3.46 ± 0.33 a,D,1 28.31 ± 0.75 a,D,1 1.89 ± 0.19 a,A,1

DS C 4.76 ± 0.46 a,A,1 12.32 ± 0.58 a,D,1 0.98 ± 0.04 a,B,1 2.98 ± 0.15 a,D,1 <0.86 3.80 ± 0.20 a,D,1 14.30 ± 0.14 a,D,1 1.84 ± 0.08 a,B,1

FM 4.68 ± 0.20 a,B,1 9.82 ± 0,20 a,C,1 0.15 ± 0.02 a,C,2 2.80 ± 0.10 a,D,1 <0.86 3.20 ± 0.20 a,D,2 7.20 ± 0.43 a,E,2 1.44 ± 0.14 a,A,2

1st Month

10% C 5.90 ± 0.08 b,A,1 2.54 ± 0.35 b,A,1 47.03 ± 1.90 b,A,1 302.26 ± 13.72 b,A,1 <0.86 81.65 ± 2.65 b,A,1 11.12 ± 0.43 b,A,1 <0.71
FM 12.25 ± 0.25 b,A,2 1.19 ± 0.13 b,A,2 197.74 ± 1.27 b,A,2 369.48 ± 2.10 b,A,2 4.60 ± 0.08 284.00 ± 1.60 b,A,2 2.62 ± 0.62 b,A,2 1.76 ± 0.16 A

15% C 4.86 ± 0.10 b,B,1 7.12 ± 0.12 b,B,1 <0.56 6.89 ± 0.08 b,B,1 <0.86 3.40 ± 0.16 b,B,1 24.24 ± 0.22 b,B,1 1.28 ± 0.05 a,A,1

FM 4.69 ± 0.11 a,B,1 7.49 ± 0.13 b,B,2 0.48 ± 0.01 b,B 6.63 ± 1.08 a,B,1 <0.86 3.72 ± 0.06 b,B,2 27.34 ± 0.50 b,B,2 1.12 ± 0.01 b,B,1

20% C 4.26 ± 0.21 b,C,1 7.48 ± 0.34 b,B,1 0.98 ± 0.09 a,B,1 5.94 ± 0.42 a,C,1 <0.86 3.46 ± 0.16 b,B,1 23.38 ± 0.46 b,B,1 1.56 ± 0.15 a,B,1

FM 4.70 ± 0.01 a,B,2 7.08 ± 0.54 b,B,1 0.95 ± 0.04 b,C,2 5.76 ± 1.00 a,B,1 <0.86 3.15 ± 0.27 a,C,1 22.09 ± 1.99 b,C,1 1.45 ± 0.15 a,C,1

25% C 5.78 ± 0.16 b,A,1 11.68 ± 0.34 b,C,1 0.72 ± 0.18 a,B,1 22.98 ± 0.24 b,D,1 <0.86 4.38 ± 0.14 b,C,1 34.12 ± 0.76 b,C,1 1.78 ± 0.08 a,B,1

FM 5.41 ± 0.10 b,C,1 11.21 ± 0.39 b,C,1 0.64 ± 0.08 b,B,1 20.93 ± 1.24 b,C,1 <0.86 4.09 ± 0.04 b,B,1 32.23 ± 0.80 b,D,1 1.87 ± 0.09 a,A,1

30% C 5.18 ± 0.22 b,D,1 16.34 ± 0.78 b,D,1 <0.56 9.50 ± 0.50 b,E,1 <0.86 4.88 ± 0.64 b,C,1 33.78 ± 1.04 b,C,1 2.58 ± 0.68 b,C,1

FM 5.35 ± 0.42 b,C,1 14.21 ± 1.01 b,D,1 0.53 ± 0.19 b,B 8.60 ± 0.75 b,B,1 <0.86 4.08 ± 0.04 b,B,2 32.33 ± 0.11 b,D,1 2.01 ± 0.01 a,D,2

DS C 5.06 ± 0.16 a,D,1 12.02 ± 0.28 a,E,1 1.08 ± 0.14 a,B,1 3.78 ± 0.10 b,F,1 <0.86 3.98 ± 0.26 a,C,1 8.78 ± 0.24 b,D,1 1.68 ± 0.18 a,B,1

FM 4.96 ± 0.11 a,C,1 10.32 ± 1.77 a,D,1 1.04 ± 0.04 b,C,1 3.01 ± 0.14 a,D,2 <0.86 2.92 ± 0.43 a,C,2 7.93 ± 0.34 a,E,1 1.58 ± 0.11 a,A,1

2nd Month

15% C 4.82 ± 0.16 b,A,1 9.03 ± 0.10 c,A,1 1.36 ± 0.09 b,A,1 4.28 ± 0.13 c,A,1 <0.86 3.65 ± 0.08 b,A,1 34.20 ± 0.68 c,A,1 1.24 ± 0.12 a,A,1

FM 4.92 ± 0.06 a,A,1 8.23 ± 0.16 c,A,2 1.07 ± 0.23 b,A,1 4.08 ± 0.43 c,A,1 <0.86 3.85 ± 0.11 b,A,1 32.80 ± 0.88 c,A,1 1.04 ± 0.33 b,A,1

20% C 4.68 ± 0.10 a,A,1 9.78 ± 0.37 c,B,1 1.72 ± 0.13 b,B,1 6.66 ± 0.32 b,B,1 <0.86 3.45 ± 0.08 b,B,1 24.28 ± 0.36 b,B,1 1.52 ± 0.10 a,B,1

FM 4.80 ± 0.11 a,A,1 9.49 ± 0.57 c,B,1 1.92 ± 0.23 c,B,1 6.11 ± 0.41 a,B,1 <0.86 3.51 ± 0.08 b,A,1 23.59 ± 0.66 b,B,1 1.40 ± 0.11 a,A,1

25% C 6.32 ± 0.36 c,B,1 7.56 ± 0.36 c,C,1 2.86 ± 0.20 b,C,1 24.22 ± 0.38 b,C,1 <0.86 4.62 ± 0.16 b,C,1 36.44 ± 1.36 b,A,1 1.84 ± 0.18 a,C,1

FM 6.01 ± 0.16 c,B,1 7.23 ± 0.76 c,C,1 2.92 ± 0.21 c,C,1 25.70 ± 0.59 c,C,1 <0.86 4.32 ± 0.06 b,B,1 34.28 ± 0.85 b,A,1 1.74 ± 0.08 a,B,1

30% C 5.68 ± 0.72 b,C,1 14.26 ± 0.86 c,D,1 <0.56 4.78 ± 0.50 c,A,1 <0.86 4.46 ± 0.52 b,C,1 32.02 ± 1.26 b,A,1 2.12 ± 0.32 c,C,1

FM 5.21 ± 0.58 b,A,1 12.84 ± 1.13 c,D,1 0.56 ± 0.16 b,D 4.89 ± 0.71 a,A,1 <0.86 4.51 ± 0.49 b,B,1 33.21 ± 0.37 b,A,1 2.01 ± 0.02 a,C,1

DS C 5.24 ± 0.46 s,C,1 10.16 ± 0.28 b,B,1 1.78 ± 0.08 b,B,1 5.34 ± 0.68 c,A,1 <0.86 2.86 ± 0.16 b,D,1 11.78 ± 0.42 dcC,1 1.72 ± 0.16 a,C,1

FM 5.17 ± 0.17 a,A,1 11.76 ± 0.08 b,D,1 1.64 ± 0.08 c,E,1 5.85 ± 0.83 b,B,1 <0.86 2.79 ± 0.15 a,C,1 10.60 ± 0.57 b,C,1 1.66 ± 0.06 a,B,1
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Table 4. Cont.

Str.
Time

Salt
Cons.

Sam.
Type

Biogenic Amines (ppm)

Tryptamine Phenylethylamine Putrescine Cadaverine Histamine Tyramine Spermidine Spermine

3rd Month

15% FM 5.07 ± 0.13 a,A 10.05 ± 0.10 d,A 1.89 ± 0.04 c,A 5.20 ± 0.49 a,A <0.86 3.92 ± 0.06 b,A 35.05 ± 1.32 d,A 1.39 ± 0.04 a,A

20% C 4.92 ± 0.46 c,A,1 9.50 ± 0.28 c,A,1 1.86 ± 0.20 b,A,1 6.80 ± 0.26 b,A,1 <0.86 3.60 ± 0.23 b,A,1 23.52 ± 0.32 b,A,1 1.59 ± 0.12 a,A,1

FM 4.72 ± 0.06 a,B,1 9.10 ± 0.39 c,B,1 1.70 ± 0.11 c,A,1 5.84 ± 0.16 a,A,2 <0.86 3.70 ± 0.03 b,A,1 22.49 ± 0.52 b,B,1 1.45 ± 0.10 a,A,1

25% C 5.96 ± 0.28 b,B,1 8.78 ± 0.62 a,A,1 6.78 ± 0.86 c,B,1 33.12 ± 1.02 c,B,1 <0.86 4.98 ± 0.24 c,B,1 34.50 ± 0.46 b,B,1 1.72 ± 0.18 a,A,1

FM 5.82 ± 0.08 c,C,1 8.57 ± 0.35 c,B,1 6.12 ± 0.75 d,B,1 31.79 ± 0.92 d,B,1 <0.86 4.69 ± 0.04 b,B,1 32.51 ± 0.53 b,C,1 1.62 ± 0.08 a,A,1

30% C 5.56 ± 0.28 b,B,1 12.84 ± 0.94 a,B,1 1.46 ± 0.22 a,A,1 5.68 ± 0.26 a,C,1 <0.86 4.14 ± 0.36 b,C,1 24.30 ± 0.88 a,A,1 1.86 ± 0.25 a,A,1

FM 5.62 ± 0.06 b,C,1 11.76 ± 0.54 c,C,1 1.30 ± 0.11 c,C,1 5.36 ± 0.05 a,A,1 <0.86 4.28 ± 0.06 b,C,1 33.20 ± 0.07 b,C,2 1.77 ± 0.07 a,A,1

DS C 5.16 ± 0.09 a,B,1 15.40 ± 0.32 d,C,1 1.58 ± 0.22 b,A,1 5.12 ± 0.18 c,C,1 <0.86 2.98 ± 0.10 b,D,1 16.56 ± 0.60 d,C,1 2.56 ± 0.08 b,B,1

FM 5.56 ± 0.13 b,C,2 14.07 ± 0.43 c,D,2 1.48 ± 0.12 d,C,1 5.30 ± 0.08 b,A,1 <0.86 2.91 ± 0.01 a,D,1 17.87 ± 0.06 c,D,2 2.51 ± 0.28 b,B,1

4th Month

20% C 4.86 ± 0.12 c,A,1 6.68 ± 0.16 d,A,1 0.86 ± 0.16 a,A,1 6.48 ± 0.55 b,A,1 <0.86 3.86 ± 0.25 b,A,1 24.86 ± 0.24 b,A,1 1.59 ± 0.18 a,A,1

FM 4.77 ± 0.22 a,A,1 6.23 ± 0.06 a,A,1 0.81 ± 0.17 b,A,1 6.18 ± 0.95 a,A,1 <0.86 3.74 ± 0.05 b,A,1 22.75 ± 0.89 b,A,1 1.49 ± 0.15 a,A,1

25% C 5.86 ± 0.52 b,B,1 4.76 ± 0.78 d,B,1 1.46 ± 0.64 d,B,1 36.32 ± 1.24 c,B,1 <0.86 4.80 ± 0.28 c,B,1 32.68 ± 1.12 b,B,1 1.64 ± 0.46 a,A,1

FM 5.65 ± 0.02 b,B,1 4.30 ± 1.11 d,B,1 1.24 ± 0.14 e,B,1 37.15 ± 0.92 e,B,1 <0.86 4.83 ± 0.11 b,B,1 30.41 ± 2.04 b,B,1 1.43 ± 0.13 b,A,1

30% C 6.12 ± 0.29 c,C,1 8.12 ± 0.18 d,C,1 3.52 ± 0.22 b,C,1 4.88 ± 0.34 c,C,1 <0.86 4.58 ± 0.24 b,B,1 33.18 ± 0.38 b,B,1 1.58 ± 0.16 a,A,1

FM 6.09 ± 1.29 c,B,1 8.71 ± 1.18 d,C,1 3.36 ± 0.52 d,C,1 4.93 ± 0.21 a,C,1 <0.86 4.21 ± 0.04 b,C,1 32.28 ± 1.38 b,B,1 1.47 ± 0.06 b,A,1

DS C 5.72 ± 0.28 a,B,1 9.02 ± 0.22 d,D,1 2.76 ± 0.10 c,D,1 5.58 ± 0.28 c,D,1 <0.86 3.20 ± 0.16 b,C,1 12.18 ± 0.26 c,C,1 2.08 ± 0.14 c,B,1

FM 5.52 ± 0.08 b,B,1 9.62 ± 1.02 d,C,1 2.56 ± 0.11 e,D,1 5.70 ± 0.20 b,A,1 <0.86 3.29 ± 0.10 b,D,1 13.11 ± 0.21 d,C,1 2.22 ± 0.08 b,B,1

5th Month

25% C 7.68 ± 0.56 d,A,1 1.78 ± 0.22 e,A,1 3.85 ± 0.38 e,A,1 34.98 ± 0.86 c,A,1 <0.86 3.48 ± 0.72 a,A,1 36.56 ± 1.34 b,A,1 1.48 ± 0.58 a,A,1

FM 7.51 ± 0.05 d,A,1 1.66 ± 0.02 e,A,1 3.55 ± 0.06 f,A,1 35.78 ± 0.16 e,A,1 <0.86 3.22 ± 1.00 a,A,1 34.10 ± 2.21 b,A,1 1.19 ± 0.08 c,A,1

30% C 6.34 ± 0.35 c,B,1 12.08 ± 0.34 a,B,1 1.68 ± 0.28 a,B,1 7.22 ± 0.30 d,B,1 <0.86 2.88 ± 0.24 c,B,1 32.42 ± 0.78 b,B,1 1.70 ± 0.28 a,B,1

FM 6.63 ± 0.05 d,B,1 12.58 ± 0.21 d,B,1 1.77 ± 0.63 c,B,1 7.46 ± 0.31 b,B,1 <0.86 2.40 ± 0.03 c,B,2 33.66 ± 1.58 b,A,1 1.71 ± 0.04 a,B,1

DS C 5.02 ± 0.34 a,C,1 8.80 ± 0.16 d,C,1 3.48 ± 0.20 d,A,1 5.84 ± 0.56 c,C,1 <0.86 3.46 ± 0.26 a,A,1 10.88 ± 0.14 e,C,1 1.68 ± 0.17 a,B,1

FM 5.29 ± 0.23 b,C,1 8.71 ± 1.18 d,C,1 3.36 ± 0.12 f,C,1 5.68 ± 0.63 b,C,1 <0.86 3.22 ± 0.06 b,A,1 8.40 ± 0.84 a,B,2 1.41 ± 0.19 a,C,1

6th Month

25% C 5.86 ± 0.88 b,A,1 1.48 ± 0.24 e,A,1 2.56 ± 0.68 f,A,1 38.20 ± 0.86 d,A,1 <0.86 3.78 ± 0.48 a,A,1 18.78 ± 0.88 c,A,1 1.88 ± 0.34 a,A,1

FM 6.81 ± 0.18 e,A,2 0.95 ± 0.04 e,A,2 2.29 ± 0.13 c,A,1 36.96 ± 1.98 e,A,1 <0.86 3.52 ± 0.08 b,A,1 17.87 ± 1.45 c,A,1 0.99 ± 0.04 d,A,2

30% C 7.48 ± 0.28 d,B,1 8.46 ± 0.18 d,B,1 0.96 ± 0.28 c,B,1 7.68 ± 0.38 d,B,1 <0.86 3.88 ± 0.25 b,A,1 19.26 ± 0.42 c,A,1 1.78 ± 0.34 a,A,1

FM 7.01 ± 0.16 e,A,1 8.67 ± 0.03 d,B,1 0.90 ± 0.16 f,B,1 7.41 ± 0.40 b,A,1 <0.86 3.56 ± 0.05 a,A,1 18.01 ± 0.22 c,A,1 1.82 ± 0.04 a,B,1

DS C 5.38 ± 0.15 a,A,1 8.20 ± 0.24 b,B,1 3.00 ± 0.17 e,A,1 5.24 ± 0.22 c,C,1 <0.86 2.80 ± 0.10 b,B,1 10.96 ± 0.12 e,B,1 1.70 ± 0.10 a,A,1

FM 5.09 ± 0.05 a,B,1 10.25 ± 0.31 d,C,2 3.07 ± 0.07 b,C,1 5.01 ± 0.60 b,A,1 <0.86 2.89 ± 0.13 a,B,1 10.87 ± 0.42 b,B,1 1.79 ± 0.15 a,B,1

7th Month
30% C 7.28 ± 0.48 d,A,1 10.22 ± 0.46 a,A,1 1.46 ± 0.46 a,A,1 9.46 ± 0.46 b,A,1 <0.86 4.02 ± 0.26 b,A,1 22.88 ± 0.68 a,A,1 2.14 ± 0.20 c,A,1

FM 7.12 ± 0.28 e,A,1 10.52 ± 0.16 c,A,1 1.30 ± 0.10 c,A,1 9.12 ± 0.20 b,A,1 <0.86 4.38 ± 0.09 b,A,1 23.38 ± 0.16 d,A,1 2.05 ± 0.09 a,A,1

DS C 4.76 ± 0.16 a,B,1 12.36 ± 0.32 b,B,1 1.78 ± 0.17 b,B,1 4.78 ± 0.21 d,B,1 <0.86 2.66 ± 0.15 b,B,1 9.98 ± 0.22 e,B,1 2.12 ± 0.09 c,A,1

FM 4.82 ± 0.03 a,B,1 12.95 ± 0.52 b,A,1 1.81 ± 0.07 b,B,1 4.80 ± 0.23 b,B,1 <0.86 2.72 ± 0.05 a,B,1 9.66 ± 0.45 b,B,1 2.01 ± 0.11 a,A,1
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Table 4. Cont.

Str.
Time

Salt
Cons.

Sam.
Type

Biogenic Amines (ppm)

Tryptamine Phenylethylamine Putrescine Cadaverine Histamine Tyramine Spermidine Spermine

8th Month
30% C 7.96 ± 0.46 d,A,1 14.88 ± 0.80 c,A,1 1.86 ± 0.64 a,A,1 10.22 ± 0.55 b,A,1 <0.86 5.58 ± 0.44 d,A,1 28.56 ± 0.24 a,A,1 1.88 ± 0.12 a,A,1

FM 7.80 ± 0.36 f,A,1 14.34 ± 0.26 b,A,1 1.90 ± 0.24 e,A,1 10.78 ± 0.36 c,A,1 <0.86 5.16 ± 0.15 d,B,1 27.64 ± 0.12 a,A,1 1.96 ± 0.12 a,A,1

DS C 5.28 ± 0.25 a,B,1 12.86 ± 0.12 b,B,1 1.90 ± 0.20 b,B,1 4.35 ± 0.41 d,B,1 <0.86 3.02 ± 0.05 b,B,1 8.60 ± 0.14 b,B,1 1.98 ± 0.06 a,A,1

FM 5.12 ± 0.13 a,B,1 12.95 ± 0.16 b,B,1 1.96 ± 0.02 d,A,1 4.76 ± 0.04 b,B,1 <0.86 3.12 ± 0.15 b,A,1 8.66 ± 0.25 e,B,1 1.92 ± 0.06 a,A,1

9th Month
30% C 7.88 ± 0.38 d,A,1 14.02 ± 0.24 c,A,1 2.28 ± 0.18 d„A,1 9.02 ± 0.14 b,A,1 <0.861 4.82 ± 0.18 b,A,1 33.26 ± 1.12 b,A,1 1.66 ± 0.22 a,A,1

FM 7.56 ± 0.18 f,A,1 12.88 ± 0.34
d,A,2 2.48 ± 0.08 f,A,1 9.38 ± 0.24 b,A,1 1.43 ± 0.212 4.96 ± 0.11 e,A,1 32.82 ± 0.42 b,A,1 1.76 ± 0.05 a,A,1

DS C 5.38 ± 0.08 a,B,1 15.78 ± 0.14 b,B,1 2.10 ± 0.09 b,B,1 4.28 ± 0.08 d,B,1 <0.86 3.42 ± 0.10 a,B,1 7.68 ± 0.24 f,B,1 2.28 ± 0.15 c,B,1

FM 5.52 ± 0.08 a,B,1 15.25 ± 0.34 b,B,1 2.11 ± 0.04 e,A,1 4.10 ± 0.13 b,B,1 <0.86 3.52 ± 0.04 c,B,1 7.43 ± 0.14 a,B,1 2.11 ± 0.05 b,B,1

10th Month DS C 4.86 ± 0.09 a,1 10.86 ± 0.36 b,1 2.52 ± 0.06 c,1 4.28 ± 0.12 d,1 <0.86 3.50 ± 0.32 a,1 9.48 ± 0.06 e,1 2.02 ± 0.10 a,1

FM 4.76 ± 0.06 c,1 11.12 ± 0.16 b,1 2.46 ± 0.16 e,1 4.48 ± 0.32 b,1 <0.86 3.72 ± 0.22 c,1 9.16 ± 0.16 a,1 2.32 ± 0.01 b,2

11th Month DS C 5.56 ± 0.20 a,1 9.86 ± 0.18 a,1 3.98 ± 0.07 f,1 4.78 ± 0.19 d,1 <0.86 3.62 ± 0.08 a,1 9.98 ± 0.11 e,1 1.98 ± 0.12 a,1

FM 5.82 ± 0.04 d,1 9.75 ± 0.44 c,1 3.81 ± 0.17 d,1 4.89 ± 0.09 b,1 <0.86 3.22 ± 0.12 b,2 9.76 ± 0.21 b,1 1.92 ± 0.10 a,1

12th Month DS FM 5.32 ± 0.10 a 10.45 ± 0.12 c 2.78 ± 0.13 e 5.25 ± 0.21 b 1.12 ± 0.03 2.92 ± 0.08 a 10.89 ± 0.34 b 2.21 ± 0.09 b

The different lowercase letters (a,b,c, etc.) within the same column represent statistical differences depending on time spent within the same brine concentration and dry-salting method
for each group (control and experimental groups). The different uppercase letters (A,B,C, etc.) within the same column represent statistical differences amongst the different brine
concentrations within the same brine concentration and dry-salting method for each group (control and experimental). The different superscript numbers (1,2) in the front data within the
same column represent statistical differences between control and experimental groups for the same brine concentration and dry-salting method for the same storage time. ±: standard
deviation; <0.56: limit of detection of putrescine; <0.86: limit of detection of histamine; <0.71: limit of detection of spermine; DS: dry-salted; C: control group; FM: experimental group
(raw materials previously frozen and thawed).
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The current European regulations set a maximum average histamine value of 200 mg/kg
for ripened anchovies, which is twice the maximum value allowed for fresh or frozen
fish [14,47]. The Food and Drug Administration of the USA [16] set a stricter upper
allowable limit for histamine at 50 ppm for fish species, as histamine is generally not
uniformly distributed in decomposed fish and numerous outbreaks have been caused by
this amount. Low levels of histamine formation during the ripening of anchovies and
other fish species were also reported by other studies, despite an increased concentration
trend in some studies [23,25,59]. However, Rodriguez-Jerez et al. [60] pointed out that
the accumulation of high histamine concentrations in salted fish could occur due to poor
quality of the raw material, inadequate handling, or other causes encountered during its
shelf-life. Therefore, previously formed histamine in the raw material cannot be destroyed
by the salting process [43], despite some degradation in histamine activity being suggested
by Tapingkae et al. [61]. Various researchers reported high histamine levels for several
commercial brined and dry-salted anchovies above the permitted levels set by either the
FDA or the European Commission [42,62]. High levels of histamine can be attributed to
the poor quality of the anchovies used for processing. In fact, Veciana-Nogués et al. [63]
demonstrated that ripening had little influence on the formation of amines, and therefore
the amount of amines in the final products depends primarily on the levels of these
substances in the raw material. Later on, the authors showed a good correlation to exist
between the development of histamine and tyramine on the one hand and alternative
spoilage parameters (TVB-N, TMA, hypoxanthine, pH) on the other during storage at both
ambient and refrigerated temperatures [64]. According to the European Commission [65],
about 26 notifications have been made relating to histamine health risks caused by anchovy
products since 2015, with some histamine levels reaching over 3000 ppm. The majority of
these notifications were made for salted, brined, and marinated anchovies (almost half of
them packed in oil). Rodriguez-Jerez et al. [60] also investigated histamine development
during the ripening of semi-preserved anchovies at ambient temperatures. They obtained
high histamine levels since the temperature and low salt content of <15% affected histamine
development.

The presence of biogenic amines other than histamine is also important in terms
of food safety and quality. In the case of histamine toxicity, the potentiating effect of
other biogenic amines present in foods such as tyramine, putrescine, and cadaverine
was reported due to their competition with histamine-metabolizing enzymes. Moreover,
quantities of about 100–800 mg/kg of tyramine and 30 mg/kg of phenylethylamine have
been reported to be toxic doses in foods. Several studies tried to link different levels of
biogenic amines with the spoilage of fish species [66]. The levels of biogenic amines were
under 40 ppm, mainly below 10 ppm, with the exception of samples corresponding to
10% brine concentrations in relation to putrescine, cadaverine and tyramine. Although
the groups had statistical differences, the levels fluctuated throughout the storage, with
inconsistent changes recorded. The values of putrescine, cadaverine and tyramine in the
10% brined samples increased significantly from the 2nd week to the 1st month, reaching
47.03, 302.26, and 81.65 ppm, respectively, for the control group and 197.74, 369.48, and
284.0 ppm in the same respect for the experimental group. Then the samples for both
groups relating to this brine concentration were spoiled according to sensory results. Since
the levels of tyramine were found to be over 100 ppm for the 10% brined sample of
the experimental group, this concentration was considered unsuitable for the brining of
previously frozen raw anchovies. The levels of phenylethylamine were well below the
suggested upper limit. Low values of biogenic amines other than histamine were also
reported for commercially salted anchovies during the storage period of 14 months [67].

4. Conclusions

The results of this study demonstrated that the freezing of raw materials prior to
processing had significant effects on the quality and safety parameters of dry-salted and
brined anchovies in comparison to freshly used raw materials (p < 0.05). The experimental
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group generally had better values for the majority of quality and food safety parameters in
comparison to the control group, particularly for the samples with higher salt concentrations
and dry salting. Moreover, the salt concentration and salting method had significant effects
on the shelf-life of salted anchovy products, with the highest shelf-life corresponding to dry-
salted samples produced from previously frozen and thawed anchovies (p < 0.05). Strong
correlations were usually found between sensory values and chemical quality parameters.
Considering that the experimental group is produced from a one-year-old raw material
compared to the control, the advantage of freezing and frozen storage of anchovies can
be asserted to be much greater than it appears. The positive effects occur due to the fact
that frozen anchovies absorb salt faster after thawing. Therefore, this study indicates that
frozen anchovies can be further salted for a longer shelf-life, using in particular either the
30% brining or dry-salting method. The results also demonstrate the advantage of utilizing
frozen anchovies to increase the valorization of this product.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/app13106200/s1, Table S1: The criteria used to determine sensory changes
during refrigerated storage of the control and experimental groups of brined and dry-salted anchovies.
Table S2: The results of regression analysis between sensory values and chemical quality parameters
(TVB-N, TBA and TMA) for the experimental group stored in a refrigerator. Table S3: The results of
regression analysis between sensory values and chemical quality parameters (TVB-N, TBA and TMA)
for the control group stored in a refrigerator. Table S4: The results of regression analysis among the
values of salt %, moisture % and water activity for the control group during storage in a refrigerator
(4 ± 1 ◦C). Table S5: The results of regression analysis among the values of salt %, moisture % and
water activity for the experimental group during storage in a refrigerator (4 ± 1 ◦C). Table S6: The
results of statistical analysis for Figures 1–3 relating to sensory values, chemical quality parameters
(TVB-N, TBA, TMA), pH, aw, moisture, salt and WPS.
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