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Abstract

The study evaluated the influence of fat content on the salting ripening process of Peruvian anchovy(Engraulis ringens)
at anindustrial scale. Two batches of two tonnes each of E. ringens were processed, with heads and viscera removed
before placing the fish in barrels with salt for ripening. The first batch contained 9.0 % fat, and the second 6.8 %.
Sensory qualities were evaluated and the documented ripening times revealed no significant differences between
batches; however, the higher-fat batch exhibited a slower decrease in water activity (aw) and reached sensory ripe
slightly later than the batch with lower fat content. Physico-chemical analyses within each batch showed average
increases in the proteolysis index(Pl), total volatile basic nitrogen(TVB-N), and trimethylamine (TMA), but no significant
differences between batches. The high variability inherent to industrial-scale processing limited the establishment of
a direct correlation with fat content. Regarding amino acid composition, the initial histidine content in raw fillets was
2.19.100 g*, representing 81 % of free amino acids; however, during salting, most histidine diffused into the brine,
leaving only 0.3 .100 g7 in the ripened product. Ripening led to an increase in free amino acids, particularly leucine,
lysine, and glutamic acid, while the total amino acid content in the muscle decreased due to osmotic processes, salt-
induced protein solubilisation, and proteolytic activity. Histamine levels in both batches remained below 50 mg.kg™ at
the end of ripening, complying with food safety standards.
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Introduction representing 1.74 % of the global total (https://oec
.world/en/profile/hs/saltedbrined-anchovies-not-
The traditional salt-ripening process of European driedsmoked).
anchovies (Engraulis encrasicolus) in Mediterranean

countries yields salt-ripened fillets known as "anchoa". Anchovetais the most harvested fish species globally,

However, overfishing and climate change have led to a
decline in European anchovy catches, now
representing only 6 % of the total anchovy catch.
Consequently, other anchovy species in South
America, such as Argentine anchoita (E. anchoita) and
Peruvian anchovy or anchoveta (E. ringens), are being
utilised in Europe (Ministerio de Agricultura y Pesca,
Alimentacion y Medio Ambiente - MAGRAMA, 2017).
According to the Observatory of Economic Complexity
(OEC), Peru exported salted/brined (not dried or
smoked) anchoveta worth USD1.5 million in 2022,

with an average annual yield of 4.249 million metric
tonnes (Mood and Brooke, 2024). In 2022, Peru
exported approximately 80,000 MT of salt-cured
anchoveta for direct human consumption (Ministerio
de la Produccion - PRODUCE, 2022). It is marketed in
various forms, including anchovies preserved in
barrels with salt, salt-ripened fillets packaged in
vacuum bags, and semi-preserved in glass or metal
containers. (Instituto Nacional de Defensa de la
Competencia y de la Proteccion de la Propiedad
Intelectual- INDECOPI, 2013).
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Variations in the preparation of salt-ripened
anchovies, along with differences in proximate
composition and raw material quality, significantly
influence the physico-chemical and sensory
characteristics (i.e. appearance, taste, smell) of the
final product  (Czerner, 2011). The salt-ripened
anchoveta is distinguished by its darker colour and
more intense flavour compared to other anchovies,
possibly due toits high iron content in the dark muscle
and a greater concentration of n-3 fatty acids present
in its muscle (Albrecht-Ruiz and Salas, 2015).

During the preparation process, fresh anchovies are
submerged in saturated brine. They are then partially
gutted and arranged in barrels, alternating layers of
fish with layers of salt until the barrel is filled. Finally,
pressure is applied to the product, and saturated brine
is added to expel any trapped air (De la Torre Boronat
and Soler Segon, 1984). The barrels are subsequently
stored for approximately 4 to 6 months, with saturated
brine being added as necessary during this period.

The ripening of salted anchovies is a result of the
prolonged action of muscular and digestive enzymes
on the fish meat immersed in salt, potentially
facilitated by the participation of halophilic microbes
(Hernandez-Herrero et al., 1999a; Hall, 2011; Czerner
and Yeannes, 2014). This process involves complex
physico-chemical and biochemical transformations
that give rise to sensory characteristics typical of the
product - such as flavour, odour, colour and texture.
These transformations include myofibrillar protein
hydrolysis (Hernandez-Herrero et al., 2000; Czerner,
2011), continual increases in total volatile basic
nitrogen (TVB-N) (Hernandez-Herrero et al., 1999b),
and total esterindex(Filsinger et al., 1982), as well as a
reduction in polyunsaturated fatty acids of the n-3
series(Czerner et al., 2015).

In  Peru, anchoveta fishing for direct human
consumption takes place throughout the year, with
variations in crude fat content attributed to its
spawning periods (Lam, 1968; Salas-Maldonado et al.,
2002). Consequently, the ripening times of salted
anchovies may be affected by their fat content under
the skin, which can serve as a barrier to salt
penetration (Czerner and Yeannes, 2013; Astruc et al.,
2022). In this context, the objective of this study is to
investigate the relationship between fat content and
ripening time of anchovies, while also assessing the
sensory  characteristics and  physico-chemical
changes during the salt-ripening process.

Materials and Methods
Ethical approval

This study did not invaolve live animals or any form of
experimental animal manipulation. The raw material
used (anchoveta, Engraulis ringens) was sourced from
a commercial purse seine fishery reqgulated by
Peruvian authorities. As such, no animal ethics
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approval was required.
Raw material

Anchoveta were fished in FAO Fishing Area 87(09°04'S,
78°36'W), off the coast of Chimbote port, Peru. The
first catch, in March 2017, had a fat content of 9.0 %
and was used to prepare batch 1, while the second
catch, in May 2018, had a fat content of 6.8 % and was
used to prepare batch 2. Each catch comprised
approximately two tonnes of anchovies, which were
kept onice(2 £1°C)until processing.

Fish processing

The anchovies were manually beheaded, and the ventral
area was removed (headed and gutted), leaving the body
clean and intact. Care was taken to retain part of the
viscerato enhance the ripening process. (Czerner et al.,
2011). Subsequently, the fish were immersed in
saturated brine for approximately 16 to 24 h at room
temperature. Following this, the fish were layered in
barrels with salt at a ratio of 5:1(w:w), with each barrel
containing approximately 150-200 kg of fish. These
barrels were then stored until the anchovies reached an
over-ripened state, typically after 28 weeks.
Throughout the study, the average room temperature
was maintained at 22.9+3.1°C. For each batch, 4 barrels
(1 ton) were processed, with two barrels undergoing
ripening in different processing plants.

Sample preparation

Periodically, 3 kg of salted anchoveta were extracted
from the barrels at each processing plant and sent for
analysis. Upon arrival at the laboratory, they were
immersed in saturated brine at 80 °C for 2 sec to
facilitate skin removal. The backbone was then
removed to obtain fillets, which were subsequently
washed in cold saturated brine and dried on the
outside using absorbent paper towels. These fillets
were homogenised in a grinder to produce a paste
suitable for physico-chemical tests.

Sensory quality evaluation

A scale previously reported for E. anchoita (Filsinger et
al., 1982) was employed in this study to evaluate the
following five sensory qualities: flavour (disregarding
salt), flesh colour, odour, flesh consistency, flesh
adherence to the backbone(Table 1). The final score was
determined by summing the scores obtained for each
evaluated attribute. Six trained panellists conducted
the evaluations. The product was considered "ripened"
when the score reached values of 30 + 2.

Physico-chemical tests

Water activity (aw) was directly measured in the sample
using an AQUALAB® PRE-Decagon water activity meter,
employing the chilled-mirror dew point technique
(Nordic Committee on Food Analysis - NMKL, 2001).



Table 1. Sensory characteristics assessed in Engraulis ringens fillets during the salt-ripening process. The scale employed was
adapted from the one utilised by Filsinger et al. (1982) for E. anchoita.

Score 0 2 4 6 8
Flavour Raw fish Neutral Slightly ham-like Ham-like cured meat Rancid off-flavours
(disregarding
salt)
Flesh Natural fresh fish Natural around Light pinkish meat,  Uniformity in the pink Dark red, black, red
colour borders, deepredin deepred or pinkin tone distribution blots and/or black
the middle, pinkin the middle dots
between
Odour Fresh fish Neutral (smellslike ~ Smooth agreeable Smells of agreeable  Rancid, acid,
brine) odour to volatile volatile esters, ammoniacal or
esters 'Characteristics Sulphur us off-
anchovy odour" odours
Flesh High elasticity, damp Less elasticity, less  Slight elasticity, No elasticity, firm Flimsy

consistency damp

Flesh Very adherent, does Very adherent, does
adherenceto notseparate not separate easily
backbone

and resistant to
finger pressure

more compact, does
not feel damp.

Adherent, it Very little adherence,
separates it separates neatly
(incomplete filleting) (adequate filleting)

Flesh getstornin the
filleting process

Proximate composition: Moisture was determined by
oven drying at 101 °C using a Memmert UE 400
(Germany) oven until constant weight (Bradley, 2010).
Ash content was determined in a muffle furnace at 500
°C (48000 Barnstead/Thermolyne, USA) until constant
weight (Marshall, 2010). Crude protein was determined
by the Kjeldahl method using a
Kjeldatherm/Turbosog/Vapodest system (C. Gerhardt
GmbH & Co. KG, Germany) with a total nitrogen (TN) to
protein conversion factor of 6.25 (Chang, 2010). Crude
fat was obtained using hexane as an extraction solvent
with a Soxtherm® equipment (C. Gerhardt GmbH & Co.
KG, Germany)(Min and Ellefson, 2010).

Total volatile nitrogenous bases (TVB-N)were quantified
by steam distillation of sample extracts obtained in 6 %
perchloric  acid,  following  the  methodology
recommended by the Official Journal of the European
Communities (1995), utilising a Vapodest® system
(Gerhardt GmbH & Co. KG, Germany). Trimethylamine
(TMA) was measured using the microdiffusion method in
a Conway unit (Clancy et al., 1995), and its values were
expressed as mgN.100 g " of muscle.

Proteolysis index was calculated as the ratio of soluble
nitrogen (SN)to total nitrogen(TN). To determine SN, 5
g of the sample was homogenised with 50 mL of 5 %
trichloroacetic acid, and nitrogen content was
quantified using the Kjeldahl method.

Amino acids were quantified in freeze-dried skinless
fillets of fresh and salt-ripened anchoveta at 2, and 24
weeks of ripening, following standard methodologies
(AOAC, 2006)for tryptophan(AOAC 988.15), amino acids
(AOAC 982.30), cystine and methionine (AOAC 994.12),
and free amino acid profile (AOAC 999.13).

To determine the total esterification index(TEl), 2 g of the
sample were boiled in 10 mL of 0.5 N ethanolic KOH under
reflux for 60 min. Afterward, the solution was titrated with
0.5 N HCI, using 100 pL of 1 % phenolphthalein as
indicator. A blank was prepared using the same
procedure. The results were expressed in grams of
KOH.100 g™ of dry sample (Filsinger et al., 1982).

Histamine was quantified via dansyl chloride
derivatisation. A sample (~1 g) was homogenised with
10 mL of 6 % TCA, centrifuged, and filtered. The
supernatant (100 pL) was mixed with 0.25 M sodium
bicarbonate (400 pL), 0.5 % dansyl chloride in acetone
(200 pL), and acetone (300 yL), incubated at 60 °C for
60 min, cooled, and filtered (0.45 um). HPLC analysis
used a C18 column, methanol:water (80:20) as the
mobile phase, 30°C, 1.0mL min flow rate, and 254 nm
detection (Norma Chilena Oficial NCh 2637.0f 2001).

Statistical analysis

Proximate composition, amino acid content, and
histamine were analysed in duplicate, while the other
physico-chemical assays were conducted in triplicate
or quadruplicate. Differences in mean values between
batches were evaluated using the U-Mann Whitney
test, while the Friedman test of related measures was
employed to assess the ripening process. Statistical
analysis was conducted using SPSS 29.0.0 software.

Results and Discussion
Changes in sensory quality
Peruvian anchovy does indeed exhibit a darker hue and

a stronger flavour profile that distinguishes it from
other species within the Engraulidae family. However,
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despite these sensory differences, its ripening
process bears similarities to that of E. anchoita.

The ripened anchovy fillets are characterised by their
ease of backbone detachment, a light pink colour with
beige hues at the edges and a centralred line. They are
firm to the touch, emit volatile esters in aroma, and
possess a taste reminiscent of cured-ripened meat
(Filsinger, 1987). These attributes closely resemble
those of E. anchoita(Table 1). In contrast, over-ripened
anchoveta exhibits distinct characteristics, including
the absence of ammoniac or sulphurous odours, a
flimsy texture, slight moisture, lack of adherence, and
a cracked and pasty consistency.

Throughout the study, dark spots were observed on
the inner surface of the fillets, seemingly related to
incomplete evisceration and cutting techniques.
Additionally, batches with higher fat content were
perceived to have more appealing sensory
characteristics by the panellists, although this hedonic
criterion was not quantitatively measured.

Ripening times did not exhibit significant differences
between batches. However, batch 1, with the highest
fat content, displayed a longer ripening time, reaching
30 points at week 16, compared to batch 2, which
achieved the same value at approximately week 13(Fig.
1). Despite the slight disparity in crude fat content

Score

P s
30 o

i

, @ Less fatty (batch-2)

y =5.6289In(x) + 13.885
R?=0.9735 (batch 1)

m High fatty (batch-1)

15

10
0 5 10 15 20 25 30

Week

Fig. 1. Changes in the sensory evaluation score of Peruvian
anchovy during salt ripening. The product was considered
'ripe' when the score reached 30 + 2.

between the raw materials (6.8 % vs. 9.0 %), it remains
uncertain whether this influenced the ripening times.
Consideration of fat content is crucial in the ripening
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of salted anchoveta, as this species can have fat levels
ranging from 0.8 % to 13.3 %, depending on age and
spawning period (Ayala-Galdos et al., 2002). A study
involving a larger number of batches with greater
differences in fat content could provide a clearer
understanding of the effects of fat on ripening time.
This ripening time could be important for the
production time for commercial orders.

Physico-chemical variations

During theinitial stages of the salting process, osmotic
dehydration rapidly reduced the water activity (aw)
values in the fillets. There is a rapid decrease during
the first days of salting until equilibrium is reached
(Table 2).

The batch with the highest fat content reached
osmotic equilibrium in week 5 (aw = 0.74), likely due to
the fat content acting as a barrier for salt penetration.
The slightly lower aw values in this batch may be
attributed to the reduced availability of free water
caused by the higher fat content, remaining consistent
throughout the study. Conversely, the batch with the
lowest fat content reached osmotic equilibrium in
week 2 (aw =0.76). From week 6, a slight increase in the
aw values were observed(aw = 0.77), reaching values of
0.80 by week 28. This increase may indicate over
ripeness, although additional data are required to
confirm this. The initial stabilisation times differed
from those reported for E. encrasicolus, where
stabilisation occurred at week 10 (Ababouch and El
Marrakchi, 2009). It isimportant to note that aw values
at equilibrium should ideally be around 0.76,
corresponding to saturated solutions of NaCl (Neves-
Martins et al., 2023). Maintaining control of water
activity (aw) is crucial during the ripening process, as
values greater than 0.80 can lead to bacterial
contamination, compromising the quality, safety, and
sensory characteristics of the product.

Proximate composition analysis was conducted on
both the raw material and the homogenised fillets
(Table 2).

The analysed fillets exhibited a lower fat content
compared to whole fresh anchovies, attributed to the
removal of skin and subcutaneous fat. Minor variations
in protein and fat content may be attributed to
ripening-associated reactions that increase soluble
compounds.

The proteolysisindex(Pl)increased during the ripening
process in both batches of E. ringens (Table 3),
indicating ongoing proteolysis reactions. Although
samples with lower fat content (batch 2) exhibited
slightly higher PI values at the same time intervals
compared to samples with higher fat content, these
differences were not significant. Pl values started
around 7 at week 1 and gradually increased during
ripening, reaching values of approximately 13-16 at
week 24. These values were lower compared to other



Table 2. Proximate composition(%)and water activity (aw)of fresh-whole anchoveta Engraulis ringens and its skinless fillets during
ripeningin salting.

Week  Protein(%) Moisture (%) Ash (%) Crude fat (%) Water activity (aw)
Batch 1 Batch 2 Batch 1 Batch 2 Batch 1 Batch 2 Batch 1 Batch 2 Batch 1 Batch 2
0* 16.49 16.51 70.64 73.67 3.34 3.2 9.07 6.4 1.00 = 0.99+
0.00° 0.00°
1 27.4 + 25,3 + 51.9+ 53.0 + 15.7 £ 18.3 + 3.3 = 1.5+ 0.80 = 0.76 +
0.3 0.0 0.4 0.0 0.4 0.3 0.2 0.0 0.01° 0.00°
4 26.8 + 26.1+ bb.3 + 52.0+ 141+ 17.2 + 3.7+ 1.8+ 0.79+ 0.76 +
0.5 0.2 1.2 0.7 1.1 0.8 0.5 0.3 0.02¢ 0.01°
6 26.7 £ 27.9+ 511+ 50.9 + 18.1+ 17.6 £ 3.0+ 2.2+ 0.74 + 0.76 +
0.5 1.4 0.2 0.8 0.3 0.4 0.1 0.1 0.07¢ 0.01d
8 28.4 + 52.7+ 17.7 + 2.4+ 0.73 « 0.76 +
0.9 1.5 0.4 0.2 0.00¢ 0.00¢
16 27.0+ 24.2 + 50.4 + 53.0 + 17.8 + 17.5 + BACE: 2.5+ 0.73 = 0.77 +
0.7 0.4 0.3 0.9 0.1 0.3 0.2 0.1 0.00f 0.02¢
20 27.6 % 24.4 + 49.8 + 55.9+ 17.6 + 16.2 + 2.8+ 2.2+ 0.72 + 0.78 +
1.9 0.2 0.8 0.9 0.4 0.3 0.2 0.1 0.019 0.01¢
28 28.4 + 24.6 + 50.7 + 17.2 = 2.4+ 2.2+ 0.73 = 0.78 +
0.2 0.7 0.8 0.8 0.3 0.2 0.01" 0.02¢

Values are mean + SO. Different lower-case letters(a, b, ¢, d, e, f, g, h)in the same col indicate significant differences(P< 0.05).
0*: The proximate composition was measured in fresh, gutted, and headless fish (raw material). The water activity (AW)
measurement was performed on fillets obtained from this raw material.

Table 3. Changes in the proteolysis index (PI), total volatile base nitrogen (mg TVB-N.100 g7), trimethylamine nitrogen (mg N-
TMA.100 g'), and total ester index (g KOH.100 g')in skinless fillets of anchoveta Engraulis ringens during ripening in salting.

Week Proteolysis index (PI) Total volatile base nitrogen  Trimethylamine nitrogen Total esterindex
mg TVB-N.100 g mg N-TMA.100 ¢! g KOH.100 g
Batch1 Batch 2 Batch1 Batch 2 Batch1 Batch 2 Batch 1 Batch 2
1 8.03 + 7.09 + 31.87+ 22.83 + 1.22 + 1.6 + 17.96 + 26.97 +
0.452 0.0562 3.708 0.008 0.16° 0.008 1.60° 3.632
4 10.33 + 9.09 + 31.43 + 25.21+ 2.45 + 1.70 + 20.31+ 25.29 +
1.18° 0.42° 1.412 1.71¢ 0.84° 0.3 1.13P 0.862
6 9.73 + 11.86 + 37.02 « 32.26 + 2.82 + 1.78 + 14.70 + 24.90 +
0.42b¢ 1.98pe 2.01° 2.66° 0.46° 0.15% 0.35° B.23%0
9 11.59 + 10.49 + 36.26 + 338.77 + 4.18 + 2.24 + 17.55 + 19.06 +
1.830d 0.63¢ 1.78° 0.55° 0.42¢ 0.32° 3600k .22
16 10.33 + 11.25 + 41.65 + 39.83 + 3.40 + 1.84 + 2213+ 19.11+
2.983bcd 1.76P¢ 7.27% 2.54¢ 0.98bc 0.1420 3.228% 0.62¢
20 12.71 + 16.59 = 42.00 £ 55.90 = 3.66 + 2.25+ 22.52 + 19.45
2.29° 0.95¢ 7.94b¢ 2.49 1.10%d 0.35° 2.84¢ 2.09ve
24 13.02 + 15.69 + 51.90 + 48.85 + 4.04 + 1.89 + 19.46 + 2315+
2.870cde 2.13%¢ 4,189 4.23° 1.26¢ 0.16% 1.82% 1.22°
28 18.54 + 14.65 50.5T+ 42.54 + 3.20 + 1.86 + 20.03 = 17.70 +
2.17° 1.479 6.91¢ 2.549 0.65° 0.28% 2.0 0.22¢

Values are mean + SD. Different lower-case letters(a, b, ¢, d, e)in the same col indicate significant differences(P < 0.05).

ripened anchovies, such as those from E. anchoita and

reflect

freshness;

rather,

it can

also

signify

E. encrasicolus, which reached Pl values around 25 and
20 at weeks 29 and 9, respectively(Hernandez-Herrero
et al., 1999a; Czerner, 2011).

Total volatile basic nitrogen (TVB-N) serves as an
indicator of fish freshness, measuring the byproducts
of protein breakdown, particularly ammonium and
trimethylamine (TMA).  However, when salting
anchovies for ripening, the TVB-N value may not solely

endogenous enzymatic activity and the presence of
halophilic microorganisms during extended salting
(Hernadndez-Herrero et al., 1999b). In the ripening
process of E. ringens, a progressive increase in TVB-N
was observed, reaching approximately 40 mg TVB-
N.100 g ', in mature samples(Table 3). Interestingly, no
significant differences were noted between batches.
These observations contrast with findings for E.
encrasicolus, where a value of 35 mg TVB-N. 100 g"'was
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associated with maturity (Hernandez-Herrero et al.,
1999b).

Trimethylamine (TMA), a component of total volatile
bases, exhibited varied and non-constant increases in
E. ringens, with differences observed between
batches. Levels ranged from 1.2 to 4.2 mg N-TMA. 100
g'in the first batch and from 1.1to 2.3 mg N-TMA. 100
g'in the second batch (Table 3). In contrast, in E.
encrasicolus, TMA demonstrated a consistentincrease
during the initial 8 weeks of ripening, starting at 1.2 and
peaking at 6.3 mg N-TMA.100 g ' (Ababouch and El
Marrakchi, 2009). Subsequently, these values declined
due to dissolution in brine.

The total esterindex(TEl)serves as anindirect indicator
of free fatty acid release through lipolysis, a key ripening
process influencing the sensory attributes of the final
product (Gandemer, 2008). During prolonged salting
processes, endogenous or microbial lipases release
free fatty acids, which react with alcohols to form
esters—compounds that contribute to the distinctive
aromas and flavours of ripened products. However, salt
promotes lipid and protein oxidation, an inevitable
process requiring careful control, as excess free fatty
acids and oxygen can lead to rancid or unpleasant
flavours, emphasising the need for temperature
regulation during ripening (Andersen et al., 2007;
Sampels, 2015). During brine ripening of E. ringens, TEI
values ranged from 15 to 27 g KOH.100 g~', with no clear
pattern related to ripening times or significant
differences between batches throughout the study
period (Table 3). In contrast, TEl values in E. anchoita
steadily increased between weeks 15 and 40, ranging
from approximately 4 to 8 g KOH.100 g~'(Filsinger et al.,
1982), likely due to the shorter ripening time and distinct
characteristics of E. anchoita.

The high variability in the results of PI, TVB-N, TMA and
TEI observed in the present work could be attributed to
several factors: 1) The complexity of the sampling
processin barrels that contained approximately 400 kg of
anchovy and saturated brine. 2) The processing
conditions of 4 tonnes of anchovies, matured in two
different factories; each with its own environmental and
working conditions.  Considering that pressure,
temperature and ventilation (oxygen) can influence
ripening and its characteristics (Filsinger, 1987; Karagam
et al., 2002; Rojas-De-Los-Santos et al., 2018)and 3) The
physico-chemical characteristics of the samples,
including proximal composition, endogenous proteolytic
activity and the concentration of proteases (mainly
visceral ones) in the brine (Yatsunami and Takenaka,
2000; Siringan et al., 2006). Al of these variables can
influence proteolysis and lipolysis reactions.

The free amino acid content in anchovy fillets during
ripening results from both osmotic processes due to
immersion in brine and endogenous proteolytic
activity. Histidine (His) emerges as the predominant
amino acid in E. ringens; fresh fillets contain 3.9 g.100
g "of total His(dry weight), with 53 % of this existing as
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free His(2.19.100 g ). Free His constitutes 81 % of the
total free amino acids(Tables 4a, 4b). During the initial
2 weeks in the barrel, a rapid decrease in free His
occurs due to osmotic diffusion into the brine and the
pressure exerted on the fillets. Subsequently, a slight
decrease is observed, likely attributed to ongoing
proteolytic processes Free histidine present in muscle
and brine may be vulnerable to endogenous and
microbial histidine decarboxylase activity, potentially
resulting in histamine formation and associated
toxicity risks. Therefore, monitoring this parameter is
crucial to ensure product quality. European legislation
recommends histamine levels below 200 ppm for salt-
ripened anchovies. In our study, histamine levels were
maintained below 40 ppm.

Except for His, therise in other free amino acids during
ripening underscores the impact of endogenous
proteolytic activity, directly contributing to the
product's flavour (Table 4a). Notably, leucine, lysine,
and glutamic acid exhibited the greatest increases
among the free amino acids, a trend consistent with
findings in other pelagic fish species (Stefansson and
Gudmundsdottir, 1995; Mendes et al., 1999).

Inthe case of E. ringens, the ratio of () lys, arg)/(} asp,
glu, pro, ser, thr)decreased from 1.5 to 0.6, whereas in
ripening herring (Clupea harengus), a similar ratio
decreased from 4.0 to 0.5 over a comparable period
(Stefansson & Gudmundsdottir). The total amino acid
content in fresh anchovy fillets was approximately 73
g.100 g'(Table 4b). However, during the initial weeks of
ripening, this value decreased to around 60 g.100 g™
These results are consistent with those reported for
anchovies by Kari et al. (2022). Although analyses were
performed in duplicate only, the observed trend
indicates a measurable reduction. Due to the limited
number of replicates, no statistical analysis was
conducted for the amino acid data. This decline is
primarily attributed to the release of peptides and
amino acids induced by osmotic effects and the
solubilisation of certain proteins by the brine.
Additionally,  proteolytic  processes  occurring
throughout ripening contribute to the liberation of
peptides into the medium. Studies on E. encrasicolus
ripened in brine have indicated endogenous
proteolytic activity, leading to the hydrolysis of the
myosin heavy chain (Hernandez-Herrero et al., 2000),
suggesting similar processes might occur in E.
ringens. While proteolytic processes occur during
ripening, they did not significantly impact the total sum
of amino acids.

Conclusion

This study demonstrated that fat content influenced
the rate of water activity decline but did not
significantly affect the sensory attributes or key
physico-chemical parameters during industrial-scale
ripening of E. ringens. Proteolysis, nitrogenous
compound formation, and amino acid diffusion
followed expected trends, with histamine levels



Table 4a. Free amino acid content in anchoveta: raw fillets and fillets at weeks & and 28 of salt ripening. Results are expressed as
mg amino acid.100 g™ of dry weight.

Batchl Batch 2
Freeamino acids Raw fillet Week 3 Week 28 Raw fillet Week 3 Week 28
lle 10+0.00 56.67+0.02 203.3+£0.06 10.0+0.00 45.0+0.01 250.0+0.05
Leu 16.67 +0.01 63.33+0.02 393.33+0.10 23.33£0.01 100.0 £0.01 370.0+£0.06
Lys 106.7+0.07 103.33 £0.02 370.0+0.12 113.33 £0.01 85.0+0.01 333.33+0.03
Met 10.0£0.00 16.67 +0.01 110.0+0.05 13.33 +0.01 25.0+0.01 103.33 £0.01
Phe 16.67 +0.01 40.0+£0.00 206.67+0.01 20.0+0.00 55.0+0.01 203.33 +£0.04
Thr 26.67+0.01 36.67+0.01 150.0 £ 0.01 30.0£0.00 35.0+0.01 163.33 +0.03
Trp NR NR NR NR NR NR
Val 23.33+0.01 46.67+0.01 206.67+0.05 26.67+0.01 45.0+0.01 190.0+0.02
His 2090.0+0.16 636.67+0.08 310.0+0.02 2053.33 +£0.12 355.0+0.04 383.33+0.03
Arg 10.0+£0.00 80.0+0.01 216.67 +0.05 10.0+0.00 80.0+0.00 270.0+0.03
Ala 116.67 + 0.01 86.67+0.02 276.67+0.07 120.0+0.00 75.0+0.01 266.67+0.03
Tyr 30.0+0.00 30.0+0.00 120.0+0.02 30.0+0.00 40.0+0.00 136.67 +0.02
Asp <0.01 36.67+0.01 240.0+0.07 <0.07 30.0+0.00 243.33+0.03
Cys-Cys NR NR NR NR NR NR
Glu 6.67+0.07 60.0+0.01 346.67+0.08 10.0+0.00 65.0+0.01 306.67+0.04
Gly 36.67+0.01 26.67+0.01 80.0+0.03 36.67 +0.07 20.0+0.00 76.67 +0.07
Pro 20.0+0.00 26.67+0.01 83.33 +0.01 20.0+0.00 20.0+0.00 73.33 +0.01
Ser 28.33+0.01 36.67+0.01 146.67 + 0.05 16.7+0.01 40.0+0.00 180.0+0.03
y Total(%) 2.56 1.38 3.46 2.53 1.12 3.54
y Total - His(%) 0.44 0.69 2.95 0.47 0.72 2.91
A:y Lys, Arg(%) 0.12 0.18 0.59 0.12 0.17 0.60
B: ) Asp, Glu, Pro,
Ser, Thr(%) 0.08 0.20 0.97 0.08 0.19 0.96
A/B ratio 1.52 0.93 0.61 1.61 0.87 0.63

Values are mean + SD. NR = unreported data.

Table 4b. Totalamino acid contentinanchoveta from raw fillets and fillets at weeks 3 and 28 of salt ripening. Results are expressed
as gamino acid.100 g ' of dry weight.

Batch1 Batch 2
Total amino acids

Raw fillet Week 3 Week 28 Raw fillet Week 3 Week 28
lle 3.48+0.21 2.85+0.07 3.01+0.07 3.4+0.10 3.12+0.710 2.97+0.02
Leu 5.93+0.03 4.79+0.06 4.99+0.05 6.15+0.05 5.34+0.16 4.98+0.17
Lys 6.76 +0.05 5.34+0.11 5.21+0.01 6.88+0.02 6.74+0.18 6.10+0.17
Met 2.33+0.14 1.31+0.07 1.37+0.02 2.51+0.03 1.40+£0.06 1.36 +0.066
Phe 3.15+0.01 2.51+0.03 2.70 £0.04 3.37+0.01 2.77+0.08 2.65+0.09
Thr 3.37+0.04 2.69+0.04 2.80+0.07 3.50+0.07 3.00+0.08 2.82+0.10
Trp 0.97+0.01 0.81+0.03 0.87+0.03 0.99+0.02 0.94+0.05 0.84+0.03
Val 3.90+0.02 3.17+0.06 3.31+0.06 3.97+0.02 3.43+0.11 3.27+0.13
His 3.89+0.03 2.08+0.1 1.77+0.012 3.92+0.03 1.94+0.04 1.77£0.04
Arg 4,38 £0.02 3.59+0.03 3.54+0.07 4.46 +0.05 3.90+0.12 3.56+0.10
Ala 4.37+0.04 3.40+0.03 3.68+0.53 4.47+0.05 3.85+0.10 3.53+0.13
Tyr 2.51+0.05 2.04+0.03 2.20+0.05 2.57+0.04 2.27+0.08 2.17+0.08
Asp 7.41+£0.04 5.92+£0.09 5.94+0.06 7.58+0.12 6.41+£0.16 5.93+0.23
Cys-Cys 0.71£0.01 0.56+£0.02 0.56+0.02 0.78+0.02 0.61+0.02 0.53+0.03
Glu 10.21+£0.16 8.24+0.1 8.17+0.08 10.37+0.04 9.12+0.23 8.17+0.03
Cly 3.471+0.01 2.73+0.07 2.76+0.02 3.50+0.01 2.87+0.08 2.68+0.10
Pro 2.56 £0.01 2.07+0.01 2.13+0.03 2.58+0.02 2.26+0.13 2.10+0.1
Ser 2.89+0.02 2.35+0.02 2.38+0.02 2.99+0.01 2.49+0.06 2.32 +0.07
y Total 72.80 56.42 56.81 73.45 62.47 57.76
y Total-His 68.42 54.34 54.90 69.60 60.53 55.99

Values are mean + SD.
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remaining within safe limits. The high variability
observed underscores the need for further controlled
studies to assess the specific impact of fat content
under standardised conditions.
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