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ABSTRACT

This study identifies the effect of freezing raw material on the storage quality of salted Atlantic
bonito (Lakerda) at refrigerated (4 +1°C) and ambient (17 £3°C) conditions. It also shows the effect
of different salt:fish ratios on the shelf-life and biogenic amine development during storage. The
products with the lowest salt content corresponded to the lowest sensory acceptance. Previously
frozen raw material (FRM) had higher salt uptake compared to freshly salted fish (FSF). Water phase
salt (WPS %) level usually reached to suggested seafood safety levels (20%) within the 1%week.
There were significant differences (p<0.05) amongst the samples treated with different salt ratios
and stored at different temperatures. Higher salt content caused higher thiobarbituric acid value in-
dicating acceleration of lipid oxidation. Lower biogenic amine values were observed with products
produced from FRM. Overall results demonstrated the advantage of using FRM for dry salting of
Atlantic bonito in terms of food quality.
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Introduction

Atlantic bonito (Sarda sarda, Bloch 1793) is known as a
commercially important fish species in the world (Turan et
al., 2006). It is an epipelagic and highly migratory fatty fish
which belongs to Scombridae family. This species has a
wide geographical distribution and occurs throughout At-
lantic Ocean, the Mediterranean and its adjoining seas
(Zaboukas et al., 2006; Ates et al., 2008). The world pro-
duction of this species was 33651 tons in 2014, and Turkish
production was 19031 tons in the same year (FAO, 20164a;
TUIK, 2016). The catch in Turkey occurs primarily in the
Black Sea and Marmara Sea (Ateset al., 2008).

Atlantic bonito contains high amount of fat and therefore, it
is more prone to oxidation and spoilage compared with less
fatty fish (Zaboukas et al., 2006). Since it belongs to scom-
broid fishes, which are typically implicated in histamine sea-
food poisoning, it carries high histamine health risk if im-
properly handled (Lehane and Olley, 2000). The high level
of free histidine in dark muscle, is susceptible to bacterial
decomposition and thus to an accumulation of histamine
(FDA, 2011; FAO-WHO, 2013). The past research demon-
strated the presence of biogenic amines, particularly unsafe
histamine levels in various commercially produced salted
Atlantic bonito products (Kose et al., 2012; Koral et al.,
2013). Koral and K6se (2012) reported limited shelf-life for
fresh Atlantic bonito stored at refrigerated temperatures
without ice as 4 days. Using ice only extended shelf-life for
3 more days. Due to short storage life of fresh Atlantic bo-
nito at chilled storage, it is often marketed either as frozen
or as salted and smoked products. Lakerda (a traditional
salted fish product of Turkey and Greece) is originated from
large Atlantic bonito with the sizes of 50-60 cm, later
smaller sizes of bonito 30-40 cm are used due to reduction
in its large size population (Kahraman et al. 2014). It is mar-
keted either at refrigerated storage or at room temperature if
processed and sold by retail processors (Koral et al., 2013).

Atlantic bonito is caught seasonally and therefore, is usually
frozen or salted during high fishing season due to its limited
shelf-life and high histamine health risk. On the other hand,
this species has a better market value and consumer ac-
ceptance when marketed either as smoked or salted in com-
parison to frozen unprocessed products. Therefore, further
processing of frozen Atlantic bonito into salted or smoked
products is of interest to seafood industry. Previous studies
on salted Atlantic bonito was usually carried out on lakerda
which is mainly processed from this species (Kose et al.,
2012). Recently, lakerda production was also applied to dif-
ferent fish species such as mackerel and salmon (Kdose et al.,
2012). It is consumed without further heating and belong to
group of the ready-to-eat products (Erkan et al., 2009).

There are at least 5 different lakerda production methods
observed by our research team. The main processing line in-
volves dry salting of the raw material for 1-5 days, then the
processors either continue with dry salting by replacing the
brine or carry on with brining. The products are matured
within a month and then the products are stored in oil, brine
or other seasoned solutions in plastic packs, glass jars or as
vacuum packed.

Different factors can affect the quality and safety of lakerda.
Past research on dry salted Atlantic bonito was usually con-
centrated on estimating the shelf life of lakerda. Its shell-life
is usually around 3 months in cold storage although varying
shelf lives were reported by different studies depending on
the storage temperature, and processing and/or packaging
methods (K6se et al. 2012). Liileci (1991) obtained 60 days
of shelf-life for this product stored in brine at 4°C. Erkan et
al.(2009) investigated the effect of vacuum packing on the
shelf-life of lakerda from previously frozen Atlantic bonito.
They stored the products in different packing methods such
as in glass jar containing oil, in glass jar with brine and vac-
uum pack in brine. Sensory results of their research showed
that all the products spoilt after 14™ week at cold storage.
Therefore, they demonstrated that packaging methods used
did not make significant differences in sensory values. Tu-
ran et al. (2006) and recently, Kocatepe et al. (2014) also
investigated the shelf-life of dry salted Atlantic bonito (lak-
erda) at refrigerated storage. However, both studies did not
determined the sensory values, and the shelf stability of the
products was judged using chemical and microbiological
quality parameters. Therefore, their results cannot be evalu-
ated into storage life without sensory values.

Studies on the effect of using different salt:fish ratios on the
quality and safety of dry salted Atlantic bonito during stor-
age are scarce. Since bonito is usually frozen immediately
after catch prior to further processing during high fishing
season, it is important to know the effect of freezing raw
material on the quality of lakerda. Moreover, previous in-
vestigations showed that processing and marketing lakerda
at room temperature are commonly applied by the retail pro-
cessors while refrigerated storage is more common at fac-
tory scale producers (Koral et al., 2013). Therefore, it is also
important to identify the effect of storage temperatures in
terms of food safety and quality of lakerda. No study exists
either on the effect of freezing raw material or storage tem-
perature on the quality and safety of lakerda made from At-
lantic bonito.

The aim of this study was to identify the effect of freezing
of raw material on the storage quality of lakerda produced
from Atlantic bonito at refrigerated (4 +=1°C) and ambient
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(17 +3°C) conditions. Moreover, we also aimed to deter-
mine the effect of different salt:fish ratios during salting on
the shelf-life and biogenic amine development during stor-
age.

Materials and Methods

Sampling plan and sample preparations

Atlantic bonito was obtained from Trabzon (Turkey) whole
market and transported to the laboratory in cold chain within
1h. The mean size of fish used was 39.95+£1.63 cm, the av-
erage weight was 672.00+£85.24 g. After heading and gut-
ting, the fish were washed three times with chilled water in
ice and kept in chilled water in 1h, and washed again. The
raw material was firstly divided into two batches. The
1%batch was used as control group where fresh fish was used
for salting. The 2"batch was frozen at -40°C, then stored at
-20°C for a month. Then, the fish was defrosted in a cold
store room (4 +1°C) for 16 hours before processing (Figure
1). Each batch was subdivided into 3 groups before dry salt-
ing employing three different salt:fish ratios as 1:3, 1:4, 1:6
(kg:kg). The fish were cut into pieces as 4-5 cm in width
before placing into glass jars, with alternating layers of salt
and fish. After salting, each group was split into two sub-
groups, -one was stored at ambient (17 +3°C) temperature
and the other was kept at cold storage at 4 +1°C for 3 months
(Table 1). Chemical, physical and sensory analyses were
carried out to determine changes in quality and the level of
biogenic amine changes.

Chemicals and Reagents

Salt (Rock salt; Billur Tuz, izmir, Turkey) was obtained
from a supermarket.All chemicals and solvents used were
analytical and chromatographic grade, respectively. They
are purchased from Sigma-Aldrich and Merck.

Chemical Analysis

Moisture content was determined by oven drying of 5g fish
muscle at 105°C until a constant weight was obtained
(AOAC 1995, Method 985.14). Results were expressed as ¢
water/100g muscle. Dry matter value was calculated from
the results of moisture contents. Mohr method was used to
determine salt content (NaCl) in fish muscle as described in
Rohani et al. (2010). Water Phase Salt (WPS) was calcu-
lated from the amount of salt in the product relative to the
product moisture and salt content, using the following equa-
tion (Losikoff, 2008);

WPS% = [salt %/(salt %+ moisture%)]x100

The method of Liicke and Geidel (1935) was used to deter-
mine total volatile base-nitrogen (TVB-N) content as de-
scribed by Goulas and Kontominas (2005). TBA values, ex-
pressed in mg malonaldehyde (MDAV/Kg), were estimated by
using the method of Tarladgis et al. (1960) described by
Smith et al. (1992). The method of Boland and Paige (1971)
was used for trimethylamine (TMA) analysis. Biogenic
amines were analysed using high performance liquid chro-
matography (HPLC) method according to Kose et al. (2011)
as modified from Eerola et al. (1993). HPLC equipment was
Shimadzu Prominence LC-20 AT series (Japan) HPLC with
autosampler (SIL20AC, Shimadzu, Japan), Diode Array
Detector (SPD-M20A, Shimadzu, Japan) and Intertsil col-
umn (GL Sciences, ODS-3, 5 um, 4.6x250 mm). This
method is an originated from EU suggested methods (EC
Directive 2005a). Triplicated sampling was carried out and
measured separately per group at each sampling point.

Sensory Analysis

Sensory analyses were performed by using modified method
derived from the methods of Amerina et al. (1965), Kara-
cam et al. (2002) and Archer (2010). Salted fish samples
were assessed on the basis of appearance, odour and texture
characteristics. Eight trained panellists judged the overall
acceptability of the samples using ten point descriptive
scale. According to the scale, sensory evaluation of samples
is as 10-9: excellent, 8-7: good, 6-5: medium, 4: the ‘limit
point’ for acceptableinacceptable and <4: unacceptable.

Other Measurements

Water activity (aw) was measured using an AQUALAB TE3
model water activity meter according to principals described
in Minegishi et al. (1995). The pH measurements were taken
with a digital pH meter (Jenco 6230N, CA, USA) by placing
the electrode into the samples where 5g of fish flesh had
been homogenized with 10 mL of distilled water. Readings
were carried out for both ay and pH in triplicate.

Statistical Analysis

The data obtained were analysed by analysis of variance
(one way ANOVA) and when significant differences were
found, comparisons among means were carried out by using
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. USA) and SPSS (SPSS Inc., Chi-
cago, IL) (SokalandRohlf, 1987).A significance level of
95% (p<0.05) was used throughout analysis.
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Frozen Raw Material

Fresh Raw Material Frozen Raw Material

Salting Groups

(salt:fish ratio w:w) 1/3 1/4

13 14 1/6

1/6 13 1/4 1/6 13 1/4 1/6

Figure 1. Processing outline and experimental groups

Results and Discussion

Tables 1-3 show the changes in the contents of pH, aw, dry
matter, salt and WPS % of lakerda samples originated from
fresh and previously frozen raw material during storage at
two different temperatures.

The percentages of dry matter in the fish flesh increased sig-
nificantly(p<0.05) in all groups during the 1% week from
36.86% up to 53.14% and from 37.12% up to 54.87% for
fresh and frozen raw material groups, respectively depend-
ing on the ratio of salt:fish used (Table 1).The rise in the
values continued significantly (p<0.05) for some salt:fish

ratio groups during the 2" week.The highest dry matter
value was found with the highest salt concentration due to
higher diffusion rate of salt and water in and out of fish flesh,
respectively. Moreover, dry matter values were usually
higher for the products produced from frozen raw material
in comparison with fresh raw material with significant vari-
ations within some salt:fish ratio groups (p<0.05).

The percentages of salt and WPS contents showed a similar
trend as dry matter contents of lakerda (Table 2). As ex-
pected, the highest salt content was obtained in products
salted with the highest salt concentration.The values in-
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creased significantly (p<0.05) during storage with some ex-
ceptions. Significant variations were also observed amongst
all groups (p<0.05) indicating the significant effect of the
storage temperature and the ratios of salt:fish used on the
salt uptake. Apart from its preserving effect on spoilage,
salting is also used to prevent seafood health hazards by both
its direct effect on pathogenic microorganisms and decreas-
ing the water activity of the food to limit microbial growth
or toxin formation (Kose, 2010). Erkan et al.(2009) reported
that lakerda is characterized by a salt content of 15%. Our
results showed that the suggested salt content was reached
for the samples treated with the ration of 1/3 (salt:fish) at the
first week of storage at both temperatures in a range of 16.1-
17.3% with the exception of the products prepared from fro-
zen fish kept at refrigerated temperature that reached a salt
level as 15.5% on the 8" week. The results also indicated
that such amount of salt can be obtained with a ration of 1/4
salt:fish if fresh raw material used and product stored at am-
bient temperature. The lowest salt uptake was obtained for
products prepared from frozen raw material and kept at re-
frigerated temperature.

Water phase salt is known as the amount of salt in the prod-
uct relative to the product moisture content (Losikoff, 2008).
Above 15-20% WPS in the products is usually necessary to
prevent seafood health hazard (Kdse, 2010). Although salt
content retards bacterial spoilage, halotolerant and halo-
philic histamine forming bacteria have been reported to
grow well in 12% NaCl broth (Lakshmanan et al. 2002).
Among these halotolerant bacteria, Staphylococcus sp., Vib-
rio sp. and Pseudomonas sp. have been identified as the ma-
jor halotolerant histamine forming bacteria (Lakshmanan et
al., 2002; Hernandez-Herrero et al., 1999). FDA (2011) re-
ported Staphylococcus aureus as the highest salt tolerant
bacteria which can grow at WPS as high as 20% although
toxin formation is prevented above 10%. WPS level of
freshly salted Atlantic bonito reached to safety levels within
1t week after salting for salt:fish ratios of 1/3 and 1/4, at
both temperatures. However, WPS level reached to 20% for
the salt:fish ratio 1/6 on the 4™week at ambient temperatures
and after two months at refrigerated temperatures (4+1°C).
Similar trend was found for lakerda processed from previ-
ously frozen raw material. Koral et al. (2013) reported hal-
ophilic bacteria counts were usually within acceptable levels
for commercial lakerda products sold at refrigerated tem-
peratures, while the high values were found for the products
obtained from retail processors kept at ambient tempera-
tures.

Original Article/Full Paper

In comparison to the present study, Ormanci and Colakoglu
(2017) obtained higher salt levels and WPS% in their lak-
erda samples matured at different temperatures (4, 15 and
20°C) with the highest value corresponding to 15°C as
29.8% WPS. It is known that such products are eaten with-
out desalting or cooking. Therefore, such high values are not
usually preferred by the consumers. Variations in the levels
of salt and WPS were reported for commercially salted lak-
erda products (Koral et al., 2013). Our results were within
the range of the values reported for commercial lakerda
products both from Greece and Turkey (Koral et al., 2013).

Water activity (aw) is another growth limiting factor for mi-
croorganisms. Salting decreases awand has inhibition effect
on pathogenic bacteria. According to FDA guideline (FDA,
2011), minimum a, to allow the growth of S. aureus is 0.83
and toxin formation is 0.85 using salt. Water activity of fresh
Atlantic bonito was 0.994. The a, values significantly
(p<0.05) dropped down to 0.783 (min) - 0.885 (max) within
the 1% week of storage for all experimental groups (Table 3).
The awvalues were usually found within the safety limit on
the 1% week as suggested by FDA to prevent bacteria growth
or toxin formation. The results showed that the higher the
salt contents, the lower a. values were found. In our previ-
ous studies, we determined varying ay levels from commer-
cial lakerda produced from Atlantic bonito and other fish
products from Turkish and EU origin indicating the varia-
tions in the methodology used (Kose et al., 2012; Koral et
al., 2013). The aw results obtained by Ormanct and
Colakoglu (2017) supported our findings.

The pH values of freshly processed raw material were found
higher than the products originated from previously frozen
raw material in a range of 5.75-7.24 and 5.67-6.12, respec-
tively (Table 3). The pH of fish immediately after being
caught was reported to be between 6.0 and 6.5. The fish
were acceptable up to a pH of 6.8 but were considered to be
spoiled above a pH of 7.0 (Huss, 1988). This pH is also used
for safety regulations for such products since pH below 5 is
reported to prevent most pathogenic bacteria growth or toxin
formation (Kdse, 2010; FDA, 2011). The levels of pH ob-
tained for all groups were above 5 indicating this parameter
cannot be used to judge the product safety of lakerda pre-
pared from the salt:fish ratios applied in the current study.
Although a significant decrease occurred during storage in
the pH values of products originated from frozen raw mate-
rial (p<0.05), the changes were usually found insignificant
(p>0.05) for fresh raw material group with the exception of
samples representing 1/6 group stored at ambient tempera-
ture starting from 6" week. This result indicates that spoil-
age is possible at low salt contents at warm temperatures.
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The highest pH value was obtained as 7.4 at the end of stor-
age period for lakerda produced from fresh raw material us-
ing 1/6 ratio and stored at ambient temperature. This group
also corresponded to the lowest sensory values (Table 4).
The pH values obtained by Ormanci and Colakoglu (2017)
supported our findings.

Table 4 and the figures 2 and 3 represent sensory scores of
lakerda processed from fresh and frozen Atlantic bonito.
The results for texture, odour and appearance of the samples
showed that the products with the lowest salt content had the
lowest sensory acceptance (Table 4). Significant differences
(p<0.05) occurred amongst all groups relating to all sensory
parameters tested throughout the storage. The sensory
scores decreased significantly during time depending on the
ratios of salt:fish used (Figure 2 and 3). The products corre-
sponding to 1/3 and 1/4 salt:fish ratio groups were within
the good quality throughout the storage period indicating the
suitability of these salt ratios for lakerda production for both
raw material and storage temperature groups. However, at
ambient temperature, the samples corresponded to 1/6

Original Article/Full Paper

salt:fish ratio group were unacceptable after 1% month of
storage according to sensory scores for both types of raw
material used. The cold storage prolonged shelf-life of these
products at refrigerated temperature particularly for the
group obtained from previously frozen raw materials.lt is
also noted that sensory scores of lakerda processed from
previously frozen Atlantic bonito were higher than freshly
processed Atlantic bonito with the exception of salting
group of 1/6 stored at ambient temperature (17+3°C). The
products obtained with frozen raw materials and then kept
at refrigerated temperatures were in acceptable quality
throughout storage period for all types of salting groups.
Therefore, the results suggest that freezing raw material
prior to processing and refrigeration after processing is nec-
essary if longer shelf life is required. Such advantage is
more profound for the lowest salt:fish ration at refrigerated
storage since the products were within acceptable quality at
the end of 3 months’ storage while being unacceptable for
freshly processed group at the end of 2™ month.
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Figure 2.0Overall sensory scores for lakerda (dry salted Atlantic bonito) processed from fresh raw materi-
als, stored at ambient (17 +3°C) and refrigerated (4 +1°C) temperatures
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Figure 3.0verall sensory scores for lakerda (dry salted Atlantic bonito) processed from previously frozen
raw materials, stored at ambient (17+3°C) and refrigerated (4+1°C) temperatures

Different studies reported different shelf lives for lakerda
depending on the storage temperature, and processing
and/or packaging methods. Our results obtained for the sam-
ples stored at refrigerated conditions supported the results
reported by Erkan et al. (2009) for brine, vacuum- and oil-
packed lakerda samples produced from Atlantic bonito
stored at the same conditions. The amount of salt used prior
to brining in their study was higher than the present study.
Therefore, the present study suggests that salt:fish ratio
higher than 1:3 may not add beneficial effect to the sensory
life of lakerda although the shelf-life can also be affected by
the different production methodology in two different stud-
ies. Liileci (1991) obtained 60 days of shelf-life for lakerda
made from Atlantic bonito stored in brine at 4°C. Recently,
Caglak et al. (2016) reported a very short shelf-life for lak-
erda at refrigerated storage packed in plastic bags as less
than 8 days. They reported that vacuum and modified atmos-
phere packing extended the shelf-life up to 23 days. Alt-
hough their method is similar to the current study in terms
of dry salting at the beginning, later they used brine solution
for maturation which differs from the present study. There-
fore, the amount of salt used is not very clear which makes

it difficult to compare with the current study. Turan et al.
(2006) and recently, Kocatepe et al. (2014) also investigated
shelf-life of dry salted Atlantic bonito which was processed
as lakerda at refrigerated storage. However, both studies did
not determined the sensory values, and the shelf stability of
the products was judged using chemical and microbiological
quality. Such results can only be evaluated in support of sen-
sory values. In our previous study, we observed 4 days of
shelf life for hot-smoked Atlantic bonito at ambient temper-
ature (17 £3°C), and 10 days at refrigerated temperature
(Koral et al., 2010). Therefore, lakerda has an advantage
over such products in terms of extending the shelf-life of this
species.

The results of TVB-N, TMA and TBA are shown in Table
5. The TVB-N values increased significantly (p<0.05) for
all groups throughout the storage, and also significant dif-
ferences (p<0.05) were observed amongst different salting
and storage groups with some exceptions. Varying levels of
TVB-N have been suggested for different fish products to
assess their freshness in literature (Connell, 1990; Huss,
1988). European Union set varying TVB-N limits as 25-35
mg/100 g for unprocessed fishery products shall be regarded

Original Article/Full Paper
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as unfit for human consumption where organoleptic assess-
ment has raised doubts as to their freshness (EU Directive,
2005b and 2008). However, Atlantic bonito is not included
in EU regulation. Therefore, TVB-N levels can be used only
in support of sensory values. Our results showed that TVB-
N did not support sensory values (Table 5). TVB-N values
of the lowest salt concentration group reached to the unac-
ceptable level set by EU regulation on the 4™ week for each
raw material group stored at ambient temperatures
(17+3°C). The TVB-N values were within the permitted
level (min: 18.21 mg/100 g —max: 22.06 mg/100 g) for other
groups. Therefore, the results shows the advantage of refrig-
erated storage for keeping better chemical quality of dry
salted Atlantic bonito. Lower TVB-N values were obtained
by Erkan et al.(2009) and Kocatepe et al.(2014), while
TVB-N levels reported by Turan et al.(2006) were close to
some of our experimental groups. The TVB-N levels in fish-
eries products are affected by different factors including the
initial condition of the fish which explains the differences in
the different studies (Huss, 1988).

TBA values increased significantly throughout storage
(p<0.05). There was also significant differences (p<0.05)
amongst the groups with some exceptions. TBA is a quality
parameter particularly relates to lipid oxidation. The lowest
TBA value was found with the products originated from fro-
zen raw material and treated with the lowest salt content (1/6
salt:fish ratio). The products treated with 1/3 salt:fish ratio
and kept at ambient temperature reached to unacceptable
level at the end of storage for freshly processed Atlantic bo-
nito. Therefore, this study indicates that high salt content
can accelerate lipid oxidation, while freezing and frozen
storage to prior to salting can retard oxidative changes in
fish products. Erkan et al. (2009) reported a decrease in
TBA values during storage of lakerda from Atlantic bonito
at refrigerated temperatures with some fluctuations. There-
fore, their results did not support our findings. Kocatepe et
al. (2014) observed higher TBA contents. The differences
may have caused due to differences in processing stages and
the initial condition of the fish prior to processing.

Trimethylamine values of lakerda showed similar trend
with TVB-N values. The highest TMA values were found in
the products treated with the lowest salt concentration and
kept at ambient temperature (17+3°C). At the end of storage,
TMA values were 10.72 and 11.12 mg/100 g for fresh and
frozen raw material groups, respectively. Significant differ-
ences (p<0.05) were found during storage and amongst the
groups. TMA is another chemical parameter commonly
used to determine fish spoilage. It is a pungent volatile
amine often associated with the typical "fishy" odour of

Original Article/Full Paper

spoiling seafood. Its presence in spoiling fish is due to the
bacterial reduction of trimethylamine oxide which is natu-
rally present in the living tissue of many marine fish species.
Although TMA is believed to be generated by the action of
spoilage bacteria, the correlation with bacterial numbers is
often not very good (Huss, 1995). A suggested acceptable
level is reported as 12 mg/100 g (Goulas and Kontominos,
2005). TMA values were still below the suggested upper
limit for this parameter. The results of Turan et al.(2006)
and Erkan et al.(2009) supported our values for some exper-
imental groups.

Table 6 and 7 show the changes in the biogenic amine values
of dry salted Atlantic bonito (lakerda) during storage. The
results of the conducted study showed that dry salting pre-
vents the formation of biogenic amines, particularly hista-
mine. The levels of histamine were below 29 ppm through-
out the storage despite of differences in the groups of
salt:fish ratio and storage temperatures. This study also
showed that although spermidine levels of fresh and pro-
cessed Atlantic bonito were higher at the beginning of stor-
age, it generally decreased until the end of storage for all
types of samples. The highest biogenic amine values corre-
sponded to Atlantic bonito treated with the ratio of 1/6
salt:fish content stored at ambient temperature. Therefore,
the results demonstrated the beneficial effect of high salt
concentration and refrigeration on preventing histamine for-
mation in salted Atlantic bonito. Histamine values were also
found very low and none of the products exceeded the per-
mitted levels set by FDA, EU and Turkish authorities.

Ormanci and Colakoglu (2017) reported that all biogenic
amines analysed decreased significantly (p<0.05) during
ripening of lakerda from Atlantic bonito with the exception
of spermine at both refrigerated and ambient temperatures.
However, they also obtained an increase for most biogenic
amines at different days depending on the ripening temper-
atures. Although initial histamine value in fresh fish used in
their study was higher than the value obtained in present
study, lower histamine contents were recorded by the au-
thors for the samples ripened at both 17 and 20°C. Hista-
mine formation can be affected by various factors.
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Table 1. The changes in the contents of dry matter (%) of lakerda (dry salted Atlantic bonito) processed from fresh and previously frozen raw materials,

stored at ambient (17 +£3°C) and refrigerated (4 +1°C) temperatures.

RM ST SFR  Fresh bonito 1stweek 2"%week 4tweek 6'"week 8"week 12"week
1/3 *53.14£0.17°%  53.33+0.55°%4  *54.58+0.44%  53.67£0.48%  53.91+£0.03°%4  *51.69+0.49%
:;‘j 1/4 50.58+0.53%A 52.134+0.08% *51.99+£0.67°%4  52.09+£0.68°4  *50.98+1.62°A  *49.55+0.62°A
§ AT 1/6 *44.86+0.72°A  *47.30£0.23%  *48.98+0.28%  48.98+0.22°%  *48.64+0.52%  *46.03+0.48%
5 1/3 36.86+0.28 52.13+0.35%% 53.14+0.21%  *53.09+£0.55%  53.22+0.12%  52.88+0.34% 54.98+1.32%
3 1/4 #50.99£0.51%  50.66+0.50°4  *50.94+0.18°4  51.10£0.86°%A  52.88+0.34% 52.69+0.26°
= RT 1/6 4542+0.65%  *46.37£0.21%  *46.49+0.18%  47.0120.35%  *4591£0.22°%  *48.22+0.16%
1/3 #54.87+0.25% 55.35+0.82% *#57.09+1.38%A NA 54.88+1.22° *#55.5240.38%
% 1/4 51.14+0.40% 51.83+0.71%A  *54.54+0.25% NA *53.46+0.86°A  *53.65+0.15%
§ AT 1/6 *47.87+£0.21°4  *#50.33£0.38%  *51.89+0.84% NA #52.95+1.09%  *52.80+0.44%
E 1/3 37.22+0.26 51.86£0.80°%  52.76+0.52°%  *55.14+0.22% NA 53.8040.28%  53.58+0.12°%
g 1/4 #46.26+0.37°A 51.21£0.11% #52.21+0.02% NA 49.44+0.25% 52.01+0.32%
I RT 1/6 43.91+0.82%  *48.35+0.64%  *47.25+0.20% NA *48.60£0.15%  *49.55+0.28%

A: Analysis, RW: Raw Material Type, ST: Storage Temperature, SFR: The ratio of salt:fish(w:w), AT: Ambient Temperature, RT: Refrigerated Temperature, NA: Not
Analysed, + SD: n: 3, The different superscript lowercase letters (a,b,c..) represent statistical differences amongst different salting subgroups under each raw material
group at the same storage time (p<0.05). The different subscript uppercase letters (A,B,C...) represents statistical differences during storage period of the same group
(p<0.05). “*’ on each data represents that there is statistical difference between the data obtained for fresh and frozen raw material groups at the same storage time and

the ration of salt:fish.
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Table 2. The changes in the contents of salt (%) and WPS % of lakerda (dry salted Atlantic bonito) processed from fresh and previously frozen raw materi-

als, stored at ambient (17 +£3°C) and refrigerated (4 =1°C) temperatures.

A RM ST SFR Fresh 1stweek 2"week 4thvweek 6"week 8"Mweek 12tweek
AT 173 16.37+0.13% 16.42+0.07¢A 16.23+0.11% 17.2240.10%s 17.32+0.06% 16.14+0.129A
1/4 *15.51+0.06% *15.92+0.04% *15.47+0.05% 15.44£0.06%  *15.36£0.15% *15.2140.05%
< 1/6 0.61£0.02  *11.33+0.03% 12.31£0.14% 13.08+0.08° 13.24+0.03% 13.60£0.14% 13.16+0.10%
= RT 173 *16.16:+0.05%A 16.19+0.14°% #16.50+0.04% 16.59+0.08¢% *16.32+0.06% *16.05+0.06%
1/4 #13.17+0.05%A *13.77+0.22% *13.90+0.03% 14.58+0.04°C *14.44+0.12° 14.04:£0.22%
S 1/6 *9.61+0.07%A 11.78+0.10% *11.32+0.09% 12.82+0.04%  *13.49+0.26% *13.66+0.16%
,—E AT 173 16.36+0.38% 16.38+0.37% 16.36+0.219 NA 16.98+0.109% 16.33+0.12%
1/4 *13.89+0.10%A *14.49+0.26% *14.68+0.12% NA *14.04+0.18%A *14.33+0.42%
= 1/6 0.66£0.08  *12.68+0.30° 12.24+0.11°5 13.11+0.05% NA 13.16+0.25%g 13.630.15%
L§L RT 13 *14.14+0.10% *14.70+0.08% *14.91+0.06% NA *15.51+0.26% *15.28+0.36%c
1/4 #12.19+0.19°4 *12.45+0.220 *13.03+0.14% NA *13.68+0.345¢ 13.92:0.24b¢
1/6 #10.55+0.31% 11.41+0.17% *11.99+0.07% NA #12.69+0.24% *12.57+0.27%
AT 173 25.89+0.22¢4 26.03+0.31% %26.33+0.32° 27.10+0.32% 27.31+0.05% %25.04+0.15%
1/4 #23.88+0.13% 24.96+0.02% 24.37+0.31% 24.37+0.19% 23.87+0.42¢4 *23.16:+0.125
= U6 .96:0.04 *17.04+0.14b5 *18.94+0.11% 20.41+0.01°¢ 20.61+0.03% #20.94:+0.345¢ *19.60+0.24%
= = RT 173 #25.24+0.19°A 25.68+0.24¢% #26.02:+0.18%A 26.18+0.10% 25.73+0.07% *26.28+0.17%
%; 1/4 #21.18+0.11% 21.82+0.20% #22.08+0.06°A 22.97+0.36% #22.69+0.17% 22.88+0.10%
= 1/6 *14.97+0.25% 18.01+0.12% *17.46+0.16% 19.48+0.06% 19.95+0.24% *20.87+0.16%
% AT 13 26.60+0.349% 26.84+0.099 *27.61+0.39% NA 27.34+0.24% *26.85+0.32°A
g 1/4 #22.13+0.26% 23.12+0.58% 24.41+0.05% NA 23.17+0.15% *23.6140.25%
2 1/6 *19.57+0.44b5 #19.77+0.02° 21.41+0.36% NA *21.85+0.16% *22.40+0.16°
= RT 173 #22.700.41% #23.74+0.10% #24.95+0.02¢ NA 25.13+0.12% *24.76+0.12%
g 1s 104004 g 480,140 20.330.25% %21.420.17% NA %21.290.16% 22.480.14%
£ 1/6 #15.83+0.20% 18.09+0.04% *18.5240.03% NA 19.80+0.322¢ *19.94+0.08%

A: Analysis, RW: Raw Material Type, ST: Storage Temperature, SFR: The ratio of salt:fish(w:w), AT: Ambient Temperature, RT: Refrigerated Temperature, NA: Not Analysed, + SD: n: 3, The
different superscript lowercase letters (a,b,c..) represent statistical differences amongst different salting subgroups under each raw material group at the same storage time (p<0.05). The different
subscript uppercase letters (A,B,C...) represents statistical differences during storage period of the same group (p<0.05). “*’ on each data represents that there is statistical difference between
the data obtained for fresh and frozen raw material groups at the same storage time and the ration of salt:fish.
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Table 3. The changes in the contents of pH and water activity (aw) of lakerda (dry salted Atlantic bonito) processed from fresh and previously frozen raw
materials, stored at ambient (17 +3°C) and refrigerated (4 +£1°C) temperatures.

A RM ST SFR Fresh 1stweek 2"dweek 4thyweek 6Mweek 8hweek 12thweek
Bonito

AT 1/3 *(.753+0.0012a *0.760+0.0012g 0.753+0.0012a 0.756+0.001% *(.747+0.001%p 0.749+0.001%
1/4 0.994 *(),867+0.001%a *#().789+0.001°% *#(.766+0.001°% 0.769+0.001°c *().756+0.001% 0.750+0.001%
< 1/6 +0.001 *(.809+0.001¢A *#0.861+0.001% *().843+0.001% 0.831£0.001%p *(.863+0.001's *().860+0.001%
_ RT 1/3 *0.783+0.000°A *().788+0.000% *(.774+0.001¢c 0.770+0.0015¢ *0.766+0.001 0.746+0.001%
§ 1/4 *(.815+0.0009 *0.807+0.001°% *(0.785+0.001% 0.772+0.002% *(.777+0.000% 0.751+0.002%
S 1/6 *0.8610.000%A *(.842:+0.000% *0.819:+0.001¢c 0.812+0.001% *(.840:+0.001% *0.817+0.0019%
E AT 1/3 *(.765+0.0012a *0.755+0.0012% 0.751£0.001% NA *0.7540.001" 0.749+0.001%¢
g 1/4 0.992 *0.790+0.001°A *(0.778+0.001°% *(.753+0.0012%c NA *0.760+0.001 0.750+0.001%¢
= g 1/6 40,001 *().83420.0029 *#(.819+0.001% *(.787+0.002% NA *0.781+0.002¢p *(),780+0.002%
g RT 1/3 *0.819+0.001¢A *(.777+0.001% *0.761£0.001¢ NA *0.751+0.001%p 0.749+0.001%p
1/4 *0.855+0.001%A *0.850:£0.002% *0.766+0.001¢c NA *(.758+0.001 0.754+0.001%
1/6 *0.885+0.005%A *0.813+0.001% *0.791£0.001% NA *0.770£0.001% *0.765+0.001

AT 1/3 *#5.83+0.01% *5.95+0.02% *5.93+0.01% 5.67+0.01% 5.75+0.01% 5.83+0.02%A

1/4 *5.90+0.01°A 6.07+0.01% *5.94+0.01%¢ 5.76+0.02% *5.88+0.01°A 5.85+0.01%

= 1/6 6.16 6.07£0.01% *6.05+0.03°A *6.03+0.02%8 5.97+0.02% *6.30+0.01% *7.24+0.03%

= RT 1/3 +0.02 5.94+0.01¢A *5.98+0.022A *5.96+0.012a 5.88+0.01% *5.89+0.01% 5.83+0.01%

1/4 *5.86+0.012a *6.040.02° *6.012£0.02% 5.92+0.02% *5.90+0.03% *5.9620.035

- 1/6 5.98+0.01% *6.10+0.02° *6.06+0.02° 5.95+0.03% *5.96+0.01%A *5.95+0.01°

e AT 1/3 *5.92+0.012A *#5.80+0.00°s *5.78+0.02% NA 5.71£0.03% 5.80+0.01%

1/4 6.1 *6.03+0.02¢A 5.77+0.01% *5.81+0.01% NA *5.67+0.01%¢ 5.81+0.03%

S 1/6 +0.04 6.05+0.04°A *5.89+0.03% *5.85+0.02% NA *5.81+0.02% *5.82+0.02%

g RT 1/3 5.97+0.01°a *5.77+0.00% *5.88+0.01b NA *5.79+0.01% 5.82+0.01%

1/4 *#5.96+0.01° *5.82+0.01% *5.88+0.035¢ NA *5.80+0.03% *5.84+0.02%

1/6 6.00£0.01 *5.85+0.00% #5.910.03¢ NA #5.86+0.03¢ *5 8840.032

A: Analysis, RW: Raw Material Type, ST: Storage Temperature, SFR: The ratio of salt:fish(w:w), AT: Ambient Temperature, RT: Refrigerated Temperature, NA: Not Analysed, = SD: n: 3, The different
superscript lowercase letters (a,b,c..) represent statistical differences amongst different salting subgroups under each raw material group at the same storage time (p<0.05). The different subscript
uppercase letters (4,B,C...) represents statistical differences during storage period of the same group (p<0.05). ‘*’ on each data represents that there is statistical difference between the data obtained
for fresh and frozen raw material groups at the same storage time and the ration of salt:fish.
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Table 4. Sensory scores of lakerda (dry salted Atlantic bonito) processed from fresh and previously frozen raw materials, stored at ambient (17 +£3°C) and refrigerated (4 £1°C) temperatures.

A RM ST SFR 15t week 2" week 41 week 6" week 8" week 12t week
AT 1/3 9.75+0.10°A *9.30:0.15% *8.35:0.18% 8.05+0.06% *7.40+0.05% 7.00+£0.08%
1/4 *#9.55+0.30° *#8.30+0.16% 7.30+0.16" 7.25+£0.23% #6.10+0.06% #6.00+0.07%
- 1/6 *8.35+0. 10% #7.60+0.21% *4.35+0.36% 3.80+0.16% *2.25+0.22% *1.10+0.12%
[72]
=z RT 1/3 9.85+0.25% *9.15+0.00% 8.05+0.08% 7.65+0.00% 7.55+0.34% 7.40+0.14%
® 1/4 *#9.75+0.20°A 9 35+0.41% *8.05+0.05% 7.55+0.41% 7.20+0.04% 7.00+0.14%
% 1/6 *#9.55+0.05° #8.40+0.20% 7.15+0.16" 5.10+0.00° 3 40+0.26% *2.80+0.06%
= AT 1/3 9.50+0.50°A *8.50£0.50% #7.25+0.25°% NA *7.00£0.15% 6.80+0.15%
- 1/4 *#8.50+0.50° *#7.25+0.25% 7.00+0.50%c NA #6.80-0.32 #6.5040.24%
[}
S 1/6 *7.50+0.50%A *5.00+0.00% *3.50+0.50% NA *3.004£0.24% *2.50+0.16%
w RT 1/3 9.50+0.50 #8.75+0.25%% 7.75+0.50% NA 7.50+0.30% 7.30+0.40%
1/4 *#9,00+0.00°A #8.500.50°% *#7.70£0.25% NA 7.30+0.20% 7.00£0.25¢
1/6 *8.50+0.50°A *7.7540.25% 7.000.25% NA *6.30+0.50° *5.5040.45"
1/3 #9.95+0.05°A #8.90:£0.10% #8.90+0.01% 7.80+0.13% *7.90+0.06% 7.30+0.12%
- 1/4 #9.90+0.10° 7.80+0.13% *#7.80£0.11% 7.20£0.19% 6.70+0.29% #6.40+0.21%
2 AT 1/6 *8 85+0.15% #6.90+0.20% *4.95+0.04% 3.75+0.21% *#1.85+0.16% #1.00+0.10%
T 1/3 9.95+0.05°A 8.95+0.08% 7.95+0.03% 7.90+0.10% 7.7540.25% 7.50+0.15%
1/4 #9.95+0.05°A 8.95+0.07% 7.95+0.06% 6.75+0.23% #6.700.09% *#6.40+0.15
RT 1/6 *#9.95+0.05° 7.98+0.02% 6.88+0.13% 5.85+0.14% *3.75+0.27% *2.75+0.07%
5 1/3 #8.50+0.50°A #8.00+0.00°A8 *7.50+0.50% NA #7.10+0.10% 6.90+0.40%
§ AT 1/4 *#8.0041.00% A 7.75+0.25"%A *7.00+0.00% NA 6.900.08% *6.80+0.08%
S 1/6 #7.5040.50%A *5.504+0.50% *3.50+0.50% NA #3.10+0.20% #2.40+0.42%
N
2 13 9.50+0.50%A 8.75+0.25% 7.80+0.13% NA 7.40+0.10% 7.20+0.24%
RT 1/4 *9.50+0.50%A 8.50+0.50% 7.50+0.50%p NA *#7.40+0.16% #7.10£0.30%
1/6 *9.00:£0.20° 7.50+0.50% 6.75+0.25°% NA #6.20+0.20°% #5.75+0.15%
1/3 9.90+0.10°A *9.90+0.10% *#9.00+0.00% 7.90+0.03% 7.30+0.30% 6.90+0.20%
AT 1/4 #9.80+0.20°A *8.80+0.13% *8.3040.34% 7.55+0.04% #6.20£0.20% *5.90+0.30%
= 1/6 8.70+0.30% 6.70+0.23% *#4.90+0.01% 3.85+0.15% #2.90:+0.08% *#1.40+0.32%
[}
& 1/3 9.95+0.05°A *9.90+0.10% 8.35+0.35% 7.95+0.04% 7.90+0.08¢ 7.700.18f¢
g RT 1/4 #9.95+0.05°A *9 85+0.15% 8.20+£0.20% 6.90+0.01% #6.55+0.11% #6.25+0.16%
s 1/6 #9.90:+0.10A *7.80+0.20% 7.05+0.05°% 5.85+0.11°% #3.75+0.28% *#3.00+0.18%
g 1/3 9.50+0.50°A #8.25+0.25% *7.60 £0.25% NA 7.00 £0.30% 6.80 £0.20%
3 AT 1/4 *8.75+0.25% *7.75+0.25% *6.75 £0.50°c NA #6.70 +0.30° #6.70 £0.10°
S 1/6 8.500.50% 6.50+0.50% #3.25 +0.50% NA #3.00+0.10% #2.20 +0.32%
N
2 1/3 9.50+0.50°A #8.75+0.25% 8.30 +£0.25% NA 7.90 £0.15% 7.50 +£0.15%
RT 1/4 *9.00£0.50% 5 *8.00£0.00% 7.25 +0.50% NA #7.20 £0.12% #7.00 £0.10¢¢
1/6 *8.75+0.50%A *7.30+£0.38% 7.00+0.25%% NA *6.30+£0.16°% *5.40+0.20%

A: Analysis, RW: Raw Material Type, ST: Storage Temperature, SFR: The ratio of salt:fish(w:w), AT: Ambient Temperature, RT: Refrigerated Temperature, NA: Not Analysed, + SD: n: 8, The values below 4.0 is unacceptable.

The different superscript lowercase letters (a,b,c..) represent statistical differences amongst different salting subgroups under each raw material group at the same storage time (p<0.05). The different subscript uppercase letters (4,B,C...)
represents statistical differences during storage period of the same group (p<0.05). “*’ on each data represents that there is statistical difference between the data obtained for fresh and frozen raw material groups at the same storage time
and the ration of salt:fish.
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Table 5.The changes in the values of TVB-N, TBA and TMA of lakerda (dry salted Atlantic bonito) processed from fresh and previously frozen raw materials, stored at ambient (17 +3°C) and refrigerated (4 £1°C) temperatures.

A RM ST SFR Fresh 1sweek 2"%week 4week 6"week 8"week 12thweek
AT 1/3 #12.96=0.35% *#17.16£0.35% #18.91=0.70% 20.66+0.35% 25.06+1.05% 27.36+0.05%
1/4 17.16+0.35% *18.56:0.35% #20.31:£0.70°¢ 22.41£0.70Pp *27.46+0.35% * £0.30°
12.61 31.23£0.30%
g = 1/6 +0.18 #20.31£0.10% #28.72+0.70% *42.37+1.05% 49.03+1.40% #71.79+1.05% *101.102.05¢
(<l
s 3 T RT 1/3 #14.3620.35% 17.86+0.35% *18.21+1.40% 18.910.70% 22.06+0.35% *23.46:0.28%
b4
s 1/4 16.11£0.70A 18.210.70% *#18.91:£0.70%c 20.3120.70% 23.46:0.35% #28.6620.15%
=)
gE 1/6 18.56+0.35% #20.21:0.00% 21.66+0.35 23.71+0.70°p 26.510.70% *31.12:£0.20%
2z AT 1/3 *15.06=0.35% #18.21=0.00%% #21.01£0.70°¢ NA 23.66+0.25% 26.16:1.05%
£ g 1/4 1331 17.1620.35% *20.66+0.35% #22.06+0.35% NA #25.26+0.12% *29.20+0.20°%
; = g 1/6 10,14 #17.5120.70°A #23.46+1.05% #37.82:1.40% NA *48.70+0.50% *78.80+1.05%
2 £ RT 1/3 *15.762£0.35% 17.16+0.35% *19.26:0.35% NA 22.36+0.15% #25.1620.28%
1/4 17.16+0.35% 18.56+0.35% #20.66+0.35% NA 23.56+0.25% #26.46+0.10%
1/6 18.560.35% #19.2620.35% 21.3640.35% NA 26.5040.40% #29.8620.10°%
AT 1/3 *0,94£0.02°A 2.18+0.02% *3,97£0.04° 5.87+0.01p *7.76+0.01% *#8.16=0.06'
1/4 0.49 *#0.76=0.01% #2.110.03% #3.75+0.01% 4.16£0.01% *6.89+0.03% #7.36+0.12%
= 1/6 40 *#0.71£0.01° 1.96+0.01% #2.98+0.01% 3.78+0.01°% *6.29+0.04% #6.88+0.14%
Z 0.06
-3 s RT 13 *#0.78+0.01% *1.96+0.02% *3.74£0.01% 5.01£0.03% *5.87+0.02% *#6.360.08%
S =
8 g 1/4 *#0.67+0.01°A *#1.70£0.01% *2.80+0.02° 4.69+0.03% *5.33+0.02°% *5.86+0.12°%
= i 1/6 *0.57+0.012 *1.56+0.01% *2.56+0.02% 2.98+0.03% *3.36+0.02% #4,7220.06%
€€ AT 1/3 *#1,12+0.01% 2.12+0.03% *3,03+0.01% NA *5.26+0.12% #6.16:0.16%
ez 1/4 071 #(0.94+0.02A *1.95+0.02% *2.73+0.02% NA *4.89+0.08"p #5.36+0.16%
= m .
Fe g 1/6 +0.06 *0,82:£0.02%A 1.86+0.02% #2.56+0.02° NA #4.79+0.08% *6.78+0.18%
= RT 1/3 #1,05+0.03%A #2.110.02% #2,98+0.01% NA #4.82+0.12% *5,78+0.18%
1/4 *0,82:£0.02%A #1.96+0.02% #2,63+0.02% NA *4,58+0.22% #5.56+0.08%
1/6 *1.05+0.03% *1.89:+0.01% *2.38+0.02°% NA *4.46+0.12% *5.08+0.16%
AT 1/3 #2.28+0.03% #2.59+0.05% *2.73+0.06% 3.28+0.08% *3,37+0.04% *3.86+0.08%
@ 1/4 103 #2.560.01% *2.82:0.05% *3.0040.06% 3.40+0.03% *3,82+0.04% #4.32+0.14%
= 1/6 0.12 *2.91:£0.04°A *3.12+0.08% *5.74+0.08% 7.18+0.12% *9.01£0.07% *10.72+0.06%
- RT 1/3 *1,97+0.07%A #2.25+0.05% #2.76+0.03% 3.1120.07% *3,30+0.04% #3.5620.07%
<
= 1/4 #2.15%0.03° #2.59+0.04% #2.84+0.03% 3.23+0.03%p *3.56+0.03% *3.9620.05%
=~ 1/6 #2.42+0.04% *2.82+0.03% *3,00:£0.04% 3.4120.03% *3,82:0.04% #4.52+0.04%
e AT 1/3 3.22+0.01°% *3.48+0.03% #3.62+0.04%¢ NA *4.36£0.16% *4.86+0.08%
g 1/4 258 *3,29:£0.03% *3.56+0.03% *3.65+0.03% NA #4.82+0.14% *5.3240.10%
= .
g: S S 1/6 £0.12 #4.23+0.04% #4.38+0.04% #6.520.03% NA #8.21+0.07"p #11.12£0.16%
hy N
£ 2 2 RT 13 *2.8940.03% *3,11+0.07% *3,38+0.02% NA #3.48+0.06% *4.46+0.07%
<
1/4 #2,92:£0.04%A #3.18+0.04% *3.560.03% NA *3.82+0.13% *4.78+0.15%
1/6 #3.0520.01° *3,63+0.03% #3.76+0.09% NA #5.18+0.08% #6.68+0.24%

A: Analysis, RW: Raw Material Type, ST: Storage Temperature, SFR: The ratio of salt:fish(w:w), AT: Ambient Temperature, RT: Refrigerated Temperature, NA: Not Analysed, £ SD: n: 3, The different superscript
lowercase letters (a,b,c..) represent statistical differences amongst different salting subgroups under each raw material group at the same storage time (p<0.05). The different subscript uppercase letters (4,B,C...)
represents statistical differences during storage period of the same group (p<0.05). “*’ on each data represents that there is statistical difference between the data obtained for fresh and frozen raw material groups at
the same storage time and the ration of salt:fish.
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Table 6. The changes in the biogenic amine contents of lakerda (dry salted Atlantic bonito) processed from fresh raw material stored at ambient (17 +3°C) and
refrigerated (4 +£1°C) temperatures.

SFR Tryptamine Phenethylamine Putrescine Cadaverine Histamine Tyramine (ppm)  Spermidine (ppm) Spermine
Storage Storage Groups (ppm) (Pppm) (Pppm) (Pppm) (ppm) (ppm)

Time Temp. Fresh 5.62+0.05° 14.67+0.29° 3.89+0.03° 1.51+0.17¢ <0.86* 22.40+0.16° 162.59+0.40° 1.44+0.03°
1/3 5.75+0.14% #30.42:0.60% *3.210.05% #1.1120.06% *3.23+0.05% 12.81£0.17% *114.46+0.66" *8.58+0.10%

Ambient 1/4 #6.50+0.08% #22.91:0.08°% *3.42+0.12'p #2 74+0.05% #6.17+0.16% 11.37+0.01% #109.45+0.68% 4.48+0.08%
st 1/6 #6.43+0.06% #29.99:0.14% *3,000.12¢ *1.500.06% *9.34+0.229 12.92+0.13% #114.62:£0.63% #3.49+0.07%
week 1/3 *4.62+0.16% *36.39+0.18" *2.09+0.03% *0.39+0.02% *(.95+0.03% 11.12+0.20% *110.02+0.54°% *4.40+0.25%
Re;g)%er' 1/4 5.1540.11% %32.1340.52% *1.930.06% *1.89-40.06% %0.94+0.01% *11.4020.17° 103.820.42% 4.5140.05%
1/6 *4.73+0.06% #34.93+0.20% *2.72+0.06% #1.25+0.04% <0.86* #11.610.09% *#110.13:£0.44% *4.75+0.14%
1/3 7 41+0.07% #21.58+0.09% *2 38+0.08% #0.82+0.07% *6.44+0.13% #10.57+0.32% #100.21+1.16% *3.19:0.06%
40 Ambient 1/4 *7 34+0.23% *#24.030.02% 2 410.05% 0.40:£0.027 #7.35+0.23% #10.800.06% *97.75+0.07% *3.52:+0.04%
week 1/6 *9.53+0.43% *2436+0.324% #2 85+0.13¢ 2 54+0.11% #12.01£0.12' #8.900.07% #80.25+0.33% *3.50+0.06%
1/3 5.53+0.12% *15.87+0.09° 1.70+0.05% 1.59+0.04% *1.2120.04% *9.58+0.08" 88.10+0.15% #3.07+0.06%
Refrigerator 1/4 5.53+0.13% #15.7120.07°% #1.59+0.04% #0.40+0.027 1.50+0.05% *8.74+0.16% #79.70+0.14% *3 48+0.09%
1/6 5.41+0.10% #14.07+0.03% #2 28+0.08°% 0.36+0.01% #1.7240.07° #12.2240.21% #105.62+0.51° %3.584+0.07%

1/3 %6.7540.11% %28.02:0.10' #2.78+0.07% #0.4240.03% #6.98+0.07¢% #11.65+0.24% #102.15+0.20% 3.66+0.13%
Ambient 1/4 #7.15+0.11% #17.2340.05% *1.8440.06% #0.41£0.022 *8.20+0.05% %9.930.19% #86.07+0.29% #3.4340.16%
gt 1/6 #7.7440.15% 19.7540.48°% *2.82+0.07¢ #2.3140.06% #17.18+0.05'5 *6.4340.24% #61.7740.26% *3.5340.03%
week 1/3 *5.62+0.06% *4.97+0.05% #1.9740.02% #0.45+0.05% #1.44+0.01% 11.4620.19% #95.97+0.26% 3.38+0.07%
Refrigerator 1/4 *5.900.09° #12.48+0.08°% *1.88+0.05% #1.92:0.03% *2.25+0.10° *#11.3540.21% %94.95+0.31¢ *3.64+0.05%
1/6 *5.504£0.06% *5.93:0.06 #1.65+0.01% #0.3740.01% #2.62+0.06% *10.8440.05% *87.90:0.08"% %3.2540.04%
1/3 4.75+0.03% *0.85+0.04° 0.5320.02%5 0.9120.02% 3.030.02¢ 5.18+0.08% #66.56:£0.23% *4.91+0.02%
Ambient 14 *4.82+0.08°5 *0.72+0.01% #0.52+0.01% %0.7320.02% *7.88+0.03% *4.18+0.06° %56.38+0.255 *4.28+0.02%
12t 1/6 *4.7540.06°% *2.900.09% #1.2240.01° 4.65+0.05% #16.95+0.02' *2.90:£0.09% *#14.4240.13% *2.2340.02%
week 13 4.56+0.02% *13.16+0.02°% 0.72:0.01° *1.08+0.01% 1.67+0.03% *11.68+0.10% %59.93+0.20° *3.9320.03%
Refrigerator 14 4.63+0.05% *16.16+0.08' #0.59+0.01% #0.71£0.01% 2.88+0.08° *5.25+0.04% #63.75+0.08¢% *4.28+0.01%
1/6 *4, 580,02 *10.15£0.09% *0.48+0.01% *1.2620.01% *4.38+0.09% #5.1840.06% *71.3040.08'4 *4.2020.05%

+SD, n=3, *: SFR: The ratio of salt:fish (w:w), The levels were under detection limit. The different lowercase letters (a,b,c..) represent statistical differences amongst groups at the same
storage time (p<0.05). The different uppercase letters (4,B,C.....) represents statistical differences during storage period of the same group (p<0.05). ‘*’ on each data represents that there
is statistical difference between the data obtained for frozen raw material group relating to the same storage time and the same salt concentration ratio.
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Table 7. The changes in the biogenic amine contents of lakerda (dry salted Atlantic bonito) processed from frozen raw material stored at ambient (17 +3°C) and
refrigerated (4+1°C) temperatures.

Storage Storage GEOFIIJ? Tryptamine Phenethylamine Putrescine Cadaverine Histamine Tyramine Spermidine Spermine

Time Temp ps (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Fresh 4.5240.042 30.77+0.35° 2.07+0.06° 1.76+0.02° <0.86* 5.9240.06° 96.67+0.21¢ 4.69+0.09°

1/3 5.98+0.14% *13.5420.15% *¥2.1120.10%  *0.40£0.022a  *1.30£0.09P 13.75£0.13%  *98.59+0.44°%0  *5.45+0.23%

Ambient 1/4 *5.37+0.08% *13.94+0.05% *1.98+0.07°%c  *0.76+0.04°%  *1.52+0.02¢A 11.86£0.19%  *79.68+0.11%  4.45+0.20%

15t 1/6 *5.19+0.06% *9.79+0.09% *2.50+0.09%  *2.26£0.06°%  *7.09+0.04% 12.93£0.12°%  *99.40+0.28°%  *4.42+0.15%

week 1/3 *5.52+0.04% *2 28+0.04% #1.59+0.04%  *1.53+0.06°A <0.86* 11.70£0.19°0  *91.93+0.13%  *4.69+0.09%

Refrigerator 1/4 5.30+0.17% *25.93+0.06 1.83£0.06°%  *2.69+0.09%  *1.17+£0.08°a  *13.50£0.40%  104.76£0.13%  4.51+0.05%

1/6 *#5.28+0.08¢ *#17.73+0.17% *1.75+£0.03°%c  *1.47+0.02°%¢  *1.07+0.06°%a  *13.30+£0.26%%  *97.24+0.20°%  *4.92+0.06°%

1/3 *5.64+0.15% *11.49+0.38% *1.79£0.06%  *0.39£0.0228a  *1.72+£0.07°%  *12.19+0.23°%c  *84.79+0.34%  *4.50+0.15%

Ambient 1/4 *5.49+0.18% #6.41+0.18% *2.13+0.12%c  0.39+0.01%a *2.01+0.04%  *13.32+0.24%  *89.79+0.20°>  *4.00+0.05%

4th 1/6 *5.46+0.34% *16.77£0.28% *1.9240.04%  *0.64+0.04°4  *19.95+0.61°%8  *11.75+0.13°%c  *89.23+0.33°%c  *4.34+0.22°

week 1/3 5.77+0.12% *17.41£0.25% 1.63+0.06% 1.57£0.05% *1.08+0.04%A *5.72+0.15% 87.61+0.36%  *4.23+0.05°%

Refrigerator 1/4 5.61£0.07% *17.60+0.29% *1.81+0.04°%c  *1.81+0.02% 1.70+0.08% *5.59+0.10%  *97.93£0.06%  *4.35+0.04%

1/6 5.62+0.06% *13.84+0.05% *1.88+0.08%:  0.36+£0.012a  *2.50+0.05% *5.34+0.05%c  *93.62+0.18%  *4.07+0.05%

1/3 *4,55+0.13% *14.56+0.03% *0.36+0.012a  *0.66£0.01%  *2.41+0.06° *3.03+0.022a  *39.21£0.43%  3.60+0.05°A

Ambient 1/4 *4,60+0.02%a *#16.47+0.19% *0.42+0.01°%4  *1.07+£0.06%  *3.05+0.08% *5.44+0.05%4  *61.21£0.07%  *4.49+0.10%

gth 1/6 *4.50+0.05% *14.08+0.04% #0.55+£0.01°4  *0.83£0.03%  *24.36+0.06c  *4.83£0.02%  *50.63+0.35°%8  *4.32+0.06°A

week 1/3 *4.92+0.03% *2 860.03% #0.63+0.019%  *2.27+0.01°% 1.210.06% 11.52£0.16%  *56.55+0.43°%4  3.4420.02%A

Refrigerator 1/4 *4.94:0.04% *4.82+0.03% *0.35+£0.04%  *0.64+£0.012a  *2.72+0.02% *4.60£0.02°4  *63.32+0.45%  *4.1120.06%

1/6 *#4.79+0.02°A *1.24+0.02% #0.39+0.012a  *0.75+0.01°%8  *2.98+0.21% *4.75+0.07°%s  *61.73£0.39%  *3.84+0.05°

1/3 4.78+0.10°A *7.120.09% 0.56+0.06% 0.98+0.01°% 3.12+0.04"% 5.46+0.08% #36.50£0.40°%4  *3.90+0.06%

Ambient 1/4 *5,12+0.06% *7.68+0.10% #0.68+0.08%s  *2.16+0.06°0  *5.15+0.08% *5.08+0.05%  *56.18+£0.24°A  *4.86+0.04%

12th 1/6 *5.68+0.08% *6.08+0.04%A *1.65+0.10%  4.13+0.03%  *29.16+0.16°%0  *3.32+£0.06°A  *38.5440.15°a  *4.78+0.04%

week 1/3 4.45+0.03% *5.860.02% 0.68+£0.02°4  *3.78+0.04% 1.48+0.03% *10.12+0.12%5  *58.50£0.32fa  *3.66+0.08%

Refrigerator 1/4 4.65+0.10°A *6.56+0.08% #0.76+0.04%  *5.12+0.08°% 2.95+0.06" *6.40+0.08%c  *53.12+0.129  *4.42+0.06%

1/6 *4.98+0.06% *9.19+0.04's *0.88+0.08%  *5.88+£0.03'b  *3.78+0.10% #4.15+0.06°A  *42.48+0.30°A  *4.96+0.15%

+SD, n=3, *: SFR: The ratio of salt:fish (w:w), The levels were under detection limit. The different lowercase letters (a,b,c..) represent statistical differences amongst groups at the same storage time
(p<0.05). The different uppercase letters (4,B,C.....) represents statistical differences during storage period of the same group (p<0.05). ‘*’ on each data represents that there is statistical difference
between the data obtained for fresh raw material group relating to the same storage time and the same salt concentration ratio.
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The results of previous studies with commercially processed
products showed that high biogenic amine levels can also be
obtained with the products containing high salt concentra-
tion and kept at cold storage (Kose et al., 2012; Koral et al.,
2013). So, the levels of biogenic amine content can also de-
pend on handling and storage of raw materials prior to salt-
ing or other processing ways. It was also demonstrated that
fresh Atlantic bonito kept at different chilled conditions
(Koral and Kose, 2012) had reached to unacceptable hista-
mine values at certain time of storage period. Therefore,
handling and storing raw material at suitable time and tem-
perature conditions are important to avoid health risk asso-
ciated with histamine.

Conclusion

This study showed that previously frozen raw material had
higher salt uptake in comparison with freshly salted Atlantic
bonito with the increasing level in parallel to increasing time
and salt concentration. Higher WPS% levels for both raw
material groups were found at ambient temperature in com-
parison to refrigerated conditions.WPS level reached to sug-
gested seafood safety level (20%) within the same week of
salting for all experimental group with the exception of 1/6
group at refrigerated temperature. The awvalues signifi-
cantly dropped within the 1%tweek after salting reaching to
seafood safety levels (below 0.83) for all groups at the end
of storage. The results showed that although there were sig-
nificant differences amongst samples treated with different
salt ratios and different storage applications, such differ-
ences did not affected products’ chemical acceptability for
salt:fish ratios of 1/3 and 1/4. However, higher the salt used,
higher TBA content was observed at both temperatures of
both groups. This might have caused due to salt accelerating
the lipid oxidation.

Our results demonstrated that dry salting prevents the for-
mation of biogenic amines, particularly histamine in salted
Atlantic bonito. In general, lower biogenic amine values
were observed with products originated from previously fro-
zen Atlantic bonito compared to freshly processed fish. His-
tamine values were also found very low and none of the
products exceeded the permitted levels.

The results showed that the products with the lowest salt
contenthad the lowest sensory acceptance in both raw mate-
rial groups. Although some significant differences occurred
between salt ratios for 1/3 and 1/4 in terms of product qual-
ity at both temperatures, such differences did not make a
great effect on the sensory quality since each group was

within acceptable quality throughout the storage period.
Therefore, both salt:fish ratio groups were found suitable for
lakerda production from Atlantic bonito. The salt:fish ratio
of 1/6 was only found suitable for previously frozen raw ma-
terials which were also kept in refrigerated conditions after
salting. Therefore, this study demonstrates that using previ-
ously frozen raw material may extend the shelf life of dry
salted fish products.

Finally, the overall results of this study indicate that dry salt-
ing using previously frozen Atlantic bonito have an ad-
vantage in relation to both food quality and food safety, par-
ticularly if low salt contents intended to be used. Moreover,
freezing and frozen storage will help to kill parasites in this
type of products contributing to additional benefit in terms
of seafood safety.
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