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Abstract

Excessive sodium (Na) intake has been associated with high blood pressure and
cardiovascular diseases. Therefore, sodium reduction is a public health challenge
worldwide. The aim of this study was to develop smoked salmon with a reduced Na
content. Sodium chloride (NaCl) was replaced by potassium chloride (KCl) at 25% and
50% (molar replacement) and studied in combination with two smoking procedures
(natural wood and liquid smoke) as well as two smoking temperatures (18-192C or
562C). Smoked salmon samples were characterized by physicochemical, sensory and
microbiological analyses. No major differences were observed regarding
physicochemical properties in the studied treatments. Smoked samples with 50% of
NaCl replaced by KCI were slightly more bitter than those with 25% whereas samples
with 25% of replacement did not show differences to those with non-reduced Na
content (5 g of added NaCl per 100 g of salmon). Microbiological assessment indicates
that 2-week shelf-life would be appropriate and safe in terms of accomplishment of
the EU regulation, taking into account foreseeable storage temperatures (up to 82C).
Thus, it is possible to achieve a reduction of 25-50% of NaCl in smoked salmon by

replacing NaCl by KCl and considerer this product as a “source” of K.
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Abstract

Excessive sodium (Na) intake has been associated with high blood pressure and
cardiovascular diseases. Therefore, sodium reduction is a public health challenge
worldwide. The aim of this study was to develop smoked salmon with a reduced Na
content. Sodium chloride (NaCl) was replaced by potassium chloride (KCl) at 25% and
50% (molar replacement) and studied in combination with two smoking procedures
(natural wood and liquid smoke) as well as two smoking temperatures (18-192C or
562C). Smoked salmon samples were characterized by physicochemical, sensory and
microbiological analyses. No major differences were observed regarding
physicochemical properties in the studied treatments. Smoked samples with 50% of
NaCl replaced by KCI were slightly more bitter than those with 25% whereas samples
with 25% of replacement did not show differences to those with non-reduced Na
content (5 g of added NaCl per 100 g of salmon). Molar Na:K ratio decreased from 4,3
in controls to 1,4 and 0,6 in samples with a NaCl reduction level of 25% and 50 %
respectively. Microbiological assessment indicates that 2-week shelf-life would be
appropriate and safe in terms of accomplishment of the EU regulation, taking into
account foreseeable storage temperatures (up to 8 2C). Thus, it is possible to achieve a
reduction of 25-50% of NaCl in smoked salmon by replacing NaCl by KCl and considerer

this product as a “source” of K.

Keywords: Sodium reduction, potassium chloride, smoked salmon, food safety, food quality.



1. Introduction

In most European countries, the range of salt intake is 7 to 12 grams per day and it is
usually higher for men than for women (EC, 2012). This consumption corresponds to a
daily sodium intake of 2.8-4.8 g. Excessive Na intake is one of the main risk factors for
cardiovascular diseases, such as coronary heart disease and stroke, that represent a
serious public health problem. Thus, the World Health Organization and the European
Food Safety Authority have recommended a salt intake lower than 5 g (2 g of sodium)
per day and the governments across Europe are adopting strategies to reduce Na
intake (WHO, 2018; EFSA NDA Panel, 2019). Moreover, the number of products with
reduced Na content has increased in the market during the last years, as consumers
demand for healthier products has increased significantly. A reformulation of seafood
products is interesting to make them healthier and this is most relevant as many
countries attempt to increase the daily consumption of fish products. Many salt-
reducing methods have been proposed for different food categories (direct NaCl
reduction, substitution by other salts and/or ingredients, changes in processing
techniques) (Mitchell, 2019). Salt substitution is a big challenge since it is an essential
ingredient in many food products and has many important functions: decreasing the
water activity (ay), contributing to the microbial safety and shelf life, increasing the
water-holding capacity, and improving sensory attributes including taste and texture of

seafood (Pedro and Nunes, 2019).

Several studies have been published on technological feasibility of sodium reduction in
several processed fish products and its impact on quality traits (Rodrigues et al., 2005,

Fuentes et al., 2012, Osheba 2013, Rizo et al., 20173, b, Giese et al., 2019). The most



common approach is the partial replacement of NaCl by other salts (i.e. KCl, CaCl,,
MgCl,, K-lactate, etc.). Among them, KCl is considered the best substitute of NaCl
because it allows obtaining similar functional properties and an equivalent
antimicrobial effect when NaCl is replaced by KCl equimolarly using an algorithm for
NaCl replacement (Relkoy-etal—1985; Bidlas and Lambert, 2008; Fuentes et al., 2011;

Rizo et al., 20173, b).

However, one of the major drawbacks of using KCl is its bitter taste (Askar et al., 1994,
Cenapec et al., 2017; Giese et al., 2019). Thus, its use is limited to 50% substitution of
the salt usually used in many seafood products, as observed by Martinez-Alvarez et al.
(2005) and Rodrigues et al. (2005) that replaced 50% of NaCl by KCl and low
concentrations of CaCl, and MgCl, in salted cod. Other authors also replaced
successfully up to 50% of NaCl by KCl in smoked sea bass and smoke-flavoured trout
(Fuentes et al., 2010; Rizo et al., 2017b). Osheha et al. (2013) found that the
substitution of NaCl by KCl, K-lactate and a combination of both was limited to 40% in
smoked herring. In smoked salmon, Almli et al. (2013) replaced successfully 33% of
NaCl by KCI. Rizo et al. (2017a) reached a Na reduction of 37.7% when using salt with
50% KCl and Na free salt in smoked salmon. Similar results were obtained by Giese et
al. (2019) for different salt substitutes (KCl, K-lactate and other salts) when the trial
was carried out under controlled laboratory conditions. However, it is important to
notice that the elaboration processes and conditions were different in each study and
this could explain differences in the results observed regarding the acceptable
percentages of NaCl replacement. Nevertheless, the aforementioned works have been

limited to the influence of salt replacement in fish products and no published research



have been found studying the interaction between salt replacement and processing

(smoking) conditions.

Considering the increasing demand of smoked salmon worldwide and the pressure
towards reduced sodium seafood products, the aim of the present study was to
develop smoked salmon with a reduced sodium content without compromising
sensory quality and microbiological safety. For this purpose, the effect of salting with
two levels of NaCl molar replacement by KCI (25% and 50%) combined with two
smoking procedures (natural wood and liquid smoke) and two smoking temperatures

(18-19 °C or 56 °C) were investigated.

2. Material and Methods

2.1. Smoked salmon preparation

Gutted farmed fresh salmons (Sa/mo salar) from Norway were purchased (n=40) at the
central fish market (Mercabarna) in Barcelona (Spain). Salmons were transported to
IRTA’s facilities at 1-2 °C and stored for 24 h at 0-1 °C. The weight of the gutted

salmons was 3.1+0.3 kg.

Salmons were filleted and trimmed. Salmon fillets were then weighted and the amount
of NaCl (Enisal, Barcelona, Spain) and KCl (Dead Seaworks LTD, Tel-Aviv, Israel)
calculated according to their weight. One fillet for each salmon was used as control
treatment regarding the salt and sugar content added (5 g NaCl/100g salmon + 3,3 g

sugar/100 g salmon), taking into account the usual practice of Spanish manufacturers)



and the other fillet assigned to one specific treatment (25 and 50% NaCl molar
substitution by KCI). Samples with 50% of NaCl molar substitution by KCl were added
0.1% of KCl masking aroma (694409 KCl masking flavouring, SYMRISE, Barcelona,

Spain).

Salting was done by rubbing the salt-sugar (Azucarera, Barcelona, Spain) mixture on
both sides of salmon fillets and then they were dry-salted during 24 h at 1 °C. After this
step, the salmon fillets were washed with tap water. Excess of water was removed
using of draining and drying with cellulose towel. Salmon fillets were subjected to a
dry-ageing process for 24 h at 1 °C with ventilation (relative humidity 75-85% and air
speed 1.5 m/s). Afterwards, the samples were allocated to each smoking process
(natural-wood or liquid; cold or hot smoking). Smoking with natural-wood (beechwood)
was carried out by using an electrical oven (DOLESCHAL Unimatic, Salzburg, Austria).
Cold smoking was performed during 4 h at 18-19°C with relative humidity of 65-75%.
The hot smoking process was carried out in two steps: the first one lasted 7 min at 56
°C (oven pre-heated at 56 °C; relative humidity 15-25%) and then, 3 h and 53 min at
18-19 °C and relative humidity 65-75%. Smoking with liquid smoke (Smokez Supreme
C&A; Red Arrow International LLC, Manitowoc, USA) was carried out by dipping the
salmon fillets into a solution of 1:2 (liquid smoke:water) for 20-25 sec. Then, the
salmon fillets were allocated to cold or hot smoking treatments as those smoked with
natural wood. After smoking, each fillet was cooled and vacuum-packed in plastic bags
of PA/PE (oxygen permeability of 50 cm?®/m?/24 h and a low water vapor permeability
of 2.8 g/m2/24 h; Sistemvac, Estudi Graf S.A., Girona, Spain) separately and stored at 1

°C until sampling for microbiological analysis after 15 days of storage. Fillets were then



frozen and kept until further analyses. Twenty-four hours before performing
physicochemical analyses including Na, K, pH, water activity, phenol, instrumental
colour and texture and sensory evaluation, samples were thawed at 1-2 °C. In total, 8

treatments (5 salmons each one) treatment) were tested.

2.2. Physicochemical analyses

2.2.1 Water activity (a,), water content and pH

Water activity (ay) measurement was carried out at 25 2C with a Novasina AW SPRINT-
TH 500 instrument (Axair Ltd., Pfaffikon, Switzerland). The water content (kg H,0O/kg
product) of the samples was determined by drying at 103+2 °C until reaching a

constant weight (ISO 1442: 1997).

The pH was measured in three fillets per treatment with a solid glass electrode (Crison
52-32) and a portable pH meter (Crison PH25), both from Crison Instruments, SA
(Alella, Spain). Results per sample were calculated as the average of three

measurements per each fillet.

2.2.2. Sodium (Na) and potassium (K)

The Na and K contents were determined by flame atomic absorption
spectrophotometry (Spectr AA 55B spectrophotometer, Varian, Palo Alto, CA, USA)
with a background deuterium correction based on the method described by Jorhem
(2000). The concentrations were calculated using linear calibration obtained from
absorbance measurements of five different concentrations of standard solutions:
NaNOs and KNOs (dissolved in 0.5 M HNOs). Na and K analyses were performed in 40

samples.



A nutritional contribution (NC) of the smoked salmon was calculated based on Na and
K contents per 100 g and the dietary reference values recommended for adults (men
and women) by the European Food Safety Authority (3500 mg/day for K (EFSA NDA
Panel, 2016); and 2000 mg/day for Na (EFSA NDA Panel, 2019)), according to the
following formula: NC (%) = 100 x (C x M)/Al*, where C = mean concentration of the
mineral in mg/kg; M = typical meal portion (0.10 kg); and Al = adequate intake

(mg/day).

2.2.3 Phenol and lactic acid concentration

Smoke intensity measured as the concentration of phenol was determined by a
spectrophotometric method (Cardinal et al., 2004). In brief, phenols were extracted
from smoked salmon by using an alcoholic solution. In an alkaline environment and in
the presence of potassium ferri-cyanide a colour reaction developed by means of
amino-4-antipyrine. After extraction with chloroform, this colour development was

measured spectrophotometrically at 455 nm.

Lactic acid concentration was determined by high-performance liquid
chromatography/UV (HPLC-UV) method. Briefly, samples were extracted with hexane
after a previous treatment with ethanol then derivatized with with O-(4- nitrobenzil)-
N,N’diisopropylisourea and analysed by HPLC-UV - Jasco equipped with a PU-1580
quaternary pump, a Jasco AS-950 automatic sampler with a 10 pL loop and UV
detector (Jasco, Japan) according to Cunha et al., (2001). The limit of detection was

0.056 g/kg.



2.2.4 Instrumental colour

Colour measurements were carried out using a Minolta CR-400 colorimeter
(AQUATEKNICA S.A., Valencia, Spain) in the CIE-LAB colour space (Commission
Internationale de I'Eclairage, 1976) using illuminant C, 2° viewing angle and an
aperture diameter of 8 mm. The colour space system used was CIE-L*a*b* to
represent the following parameters: L* value (0, dark; 100, light), a* value (+, red; -,
green), and b* value (+, yellow; -, blue). Lightness (L*), redness (a*), and yellowness
(b*) were recorded. The final value per sample (salmon fillet) was presented as the

mean of four measurements undertaken on the fillet surface.

2.3.5 Instrumental texture

A uniaxial compression test was carried out using a cross-head speed of 1 mm/s and a
compression distance of 4 mm (as from the probe contacted with the surface area of
the sample). All measurements on fillets were undertaken using a steel 18 mm
diameter sphere. This device was selected in order to simulate a human finger. The
final value per sample (salmon fillet) was presented as the mean of four
measurements (sampling points on the surface; Figure 1). Measurements were carried
out using a TA.Hdplus texture analyser (Stable Micro Systems, Surrey, UK) and the

following parameters were obtained from the Force-time curves: force, area and slope.

Figure 1. Sampling points for instrumental texture analysis



2.4. Sensory analysis

Six selected and trained assessors (ASTM,—1981; I1SO 8586-1, 1993 and ISO 8586-2,
1994) with a minimum of three years of experience in tasting smoked salmon
undertook the sensory analysis on 3 mm slices of smoked salmon. The generation of
the descriptors was carried out by open discussion and consensus using two samples

of each treatment in two previous sessions.

The descriptors retained, among those usually used for smoked salmon evaluation at
IRTA panel, were: orange colour (intensity of the colour of unprocessed salmon),
cooked colour (score of the intensity of pink colour characteristic of cooked salmon),
intensity of odour (score of the overall odour), smoked odour (score of the intensity of
smoke), raw-salted salmon odour (score of the intensity of the fresh salted salmon
odour), flavour intensity (score of the overall flavour), sweetness (basic taste sensation
elicited by sugar), saltiness (basic taste sensation elicited by NaCl), bitterness (basic
taste sensation elicited by KCl), smoked flavour (score of the intensity of smoke
perceived in the mouth), after-taste (intensity of flavour that the sample leaves in the
mouth after swallowing it mainly related with KCl), hardness (force required to bite
through the sample), crumbliness (textural property characterised by the ease with
which a sample can be separated into smaller particles during chewing), pastiness
(textural property characterised by flour-water paste). A non-structured scoring scale
was used, where 0 and 10 meant respectively the absence and the high intensity of the
descriptor. Sensory evaluation was undertaken in 24 sessions where each taster

assessed one control sample and its counterpart in each session. Samples were coded

10



with three random numbers and presented to the assessors balancing the first-order

and the carry-over effects according to MacFie, Bratchell, Greenhoff, and Vallis (1989).

2.2. Microbiological analyses

The presence of Listeria monocytogenes was investigated from 25 g of smoked salmon
enriched in HALF FRASER BROTH (225 ml) for 28 h at 37°C. The PrepSEQ® Rapid Spin
Sample PrepKit- Extra Clean & Bead Beating (Thermo Fisher Scientific Inc., Waltham,
Massachusetts, USA) was used to extract the DNA from each sample after enrichment,
which was analysed by real-time PCR using the MicroSEQ® Listeria monocytogenes
detection kit (Thermo Fisher Scientific Inc.). This protocol is validated by Association
Francaise de Normalisation (AFNOR) in different food matrices including smoked
salmon. Lactic acid bacteria (LAB) were enumerated as described in the standard I1SO
15214 (2008), i.e. by pour-plating the appropriate decimal dilution of the sample
(made with physiological saline solution; 0.85% NaCl) in MRS agar with pH 5.7, and
incubated at 30 °C for 72 h under anaerobiosis (in a 2.5 L jars with 1 sachet
AnaeroPack™-Anaero Anaerobic Gas Generator, Thermo Fisher Scientific Inc.).
Analyses were carried out by sampling three different portions from each fillet (10 g of
mixture) and three fillets per treatment were sampled. Analyses were carried out after

15 days of storage at 1°C.

11



2.5. Data analysis and predictive modelling

In order to assess the effect of smoking process and salt treatment on the
physicochemical and sensory traits of smoked salmon, the analysis of variance was
performed with the General Linear Model (GLM) procedure of the SAS statistical
package (Statistical Analysis System [SAS] 9.4, 2019). The model included as fixed
effects the smoking process, salt treatment and salmon nested within smoking
process. For the sensory attributes, the average scores of the panel for each salmon
fillet were used. The interaction between treatments was tested and dropped from the
model since it was not significant. Statistical significance was considered at p<0.05 for

all analyses (Zar, 2010).

Since lactic acid bacteria and L. monocytogenes were both below their limits of
detection limit, statistical analysis of the results was not possible. Instead, the
predictive modelling approach was used to assess the behaviour of these
microorganisms, as recognised by the Regulation (EC) 2073/2005 (European
Commission, 2005). Potential growth of LAB and L. monocytogenes was predicted for

the different treatments of smoked salmon.

Predictions relied on smoked salmon product characteristics (pH, phenol and water
phase concentrations of salt and lactic acid) as model input (independent variables).
Other independent variables included the initial concentrations of LAB and L.
monocytogenes assumed to be 1 cfu/g (Mejlholm et al., 2015). Besides the storage
temperature applied in the present experiment (1 °C), higher temperatures were also
assessed to account for foreseeable storage conditions during smoked salmon storage,

i.e. 5 °C and 8 °C gathering the rage of mean temperatures found in domestic

12



refrigerators in EU (EFSA BIOHAZ Panel, 2018). Predictions of the growth of LAB and
L. monocytogenes were obtained by using the validated models of Mejlholm and
Dalgaard (2013) for LAB and of Mejlholm and Dalgaard (2009) for L. monocytogenes. A
lag time was included when predicting growth of L. monocytogenes as suggested by
Mejlholm et al. (2015) for naturally contaminated seafood including smoked salmon.
Predictions were obtained by models as included in the Food Spoilage and Safety
Predictor software (FSSP v. 4.0; http://fssp.food.dtu.dk). The percentage of water
phase salt (WPS) in the smoked salmon was calculated from the measured a, as
described by Jgrgensen et al. (2000a) and FSSP v. 4.0. For treatments where NaCl was
substituted by KCI microbial growth was predicted by assuming a similar inhibiting
effect of the two salts as previously shown for LAB and L. monocytogenes (Larson et al.
1993; Soglia et al. 2014). The effect of smoke on growth of LAB and L. monocytogenes
was exclusively predicted for salmon cold-smoked with wood, as the applied models
have not been validated for other types of smoked salmon (Dalgaard and Mejlholm,

2019).

The output of the model included in the FSSP v. 4.0 is the cell concentrations (log
cfu/g) during storage, including the time in days required for LAB to grow 7 Log cfu/g
from 1 to 10’ cfu/g and the time required for L. monocytogenes to grow 2 Log cfu/g

from 1 to 100 cfu/g.

3. Results and Discussion

3.1. Physicochemical analyses

3.1.1 Water activity (a,), water content and pH

13



No significant effects (p>0.05) of salt substitution on a,, water content and pH were
observed (Table 1). Similarly, other studies found the same result (Osheba et al. 2013;
Rizo et al., 2017a,b; Giese et al., 2019). However, Fuentes et al. (2012) observed that
pH of control samples was significantly higher than those with 50% substitution of NaCl

by KCl in smoked sea bass.

Regarding the smoking process (Table 2), hot smoking with wood showed a significant
lower water content than cold smoking with wood (p<0.05). This decrease of 2.3% in
the water content of hot smoked samples with wood could be due to partial
dehydration during the smoking process and subsequent changes in the wet weight of
the fillets. Industrial specifications for “smoked finished products” generally
recommend a water content in the fish flesh of less than 65% (Cardinal et al., 2001).
The values obtained in the present work are in agreement with these. Both cold and
hot liquid smoking showed a significant lower pH than cold smoking with wood (Table
2). The low pH of the liquid smoked samples was caused by the organic acids present

in the liquid smoke used (Dien, Montolalu and Berhimpon, 2019).

Table 1. Effects of salt substitution (least squares means) on physicochemical parameters.

Table 2. Effects of the smoking process (least squares means) on physicochemical

parameters.

3.2.2 Sodium (Na) and potassium (K)

As expected, there was a significant Na reduction in the samples (regardless of the

smoking process) with 25% and 50% of NaCl replaced by KCI (molar substitution)

14



compared to the control (mean = 26.1% and 51.3%, respectively) (Table 1). No

significant differences were observed regarding the smoking process (Table 2).

An increase of the K levels (mean = 15.2% and 33.3%) was observed in the treatments
with 25% and 50% of NaCl molar replaced by KCI, respectively (Table 1). The molar
Na:K ratio, which is positively associated with blood pressure and is a predictor of
cardiovascular risk, decreased from 4.3 (mean value) in samples produced with the
usual NaCl content to 1.4 and 0.6 (mean values) in samples prepared with 25% and
50% of NaCl molar replaced by KCI, respectively. These lower ratios observed in
samples prepared with reduced Na levels are closer or in line with the World Health
Organisation (WHO) that recommended Na:K ratio (<1) (O’Halloran et al., 2016). Thus,
the molar replacements of NaCl by KCl (25% and 50%) in the preparation of smoked
salmon is expected to have benefits on consumers’ health, and therefore is an

opportunity to improve the smoked salmon formulations.

On the other hand, 100 g of smoked salmon with reduced NaCl levels (25% and 50%)
would contribute to 38.0% and 25.1% of the adequate daily intake of Na for adults,
respectively. These values correspond to 1.9 g and 1.3 g of salt, respectively and thus
are below the limit value recommended by EFSA (=5 g of salt/day) (EFSA NDA Panel,
2019). In terms of K, the nutritional contribution of the samples with a NaCl reduction
of 25% and 50% is 26.3% and 43.6%, respectively. Thus, smoked salmon produced with
50% of NaCl replaced by KCl is a “source of K” according the definition of this claim
(Regulation (EU) 1169/2011, Annex Xlll), which is essential mainly for supporting blood
pressure, cardiovascular health, bone strength, and muscle strength (EFSA NDA Panel,

2016).

15



3.2.3 Instrumental colour and texture

Significant differences resulting from the salt substitution were observed in the colour
parameters (Table 1). The a* value of the batch with 25 % substitution was significantly
higher than the control (p<0.05). Giese et al. (2019) observed some significant
differences during storage between reduced sodium samples (50%) and the reference
samples at different times for smoked salmon. However, the significance of these
differences changed over time and no clear trend was observed. In the same study, no
significant differences were observed for a herring product. For smoke-flavoured trout,
Rizo et al. (2017b) found no significant differences when 50% of NaCl was replaced by

KCl compared to without substitution.

In addition, the smoking process (Table 2) had a significant effect on a* and b* values.
Cold liquid smoked samples presented a significantly lower a* value than those of hot
smoked with wood (p<0.05) that presented the highest values. Regarding b* values,
hot liquid smoking showed a significant higher value than cold liquid smoking and cold
smoking with wood. Therefore, these samples presented a more yellowish tone.
Huong (2014) also found that smoked mackerel using commercial liquid smoke

flavourings was more yellowish than the wood smoked mackerel.

No significant effect of both salt substitution level and smoking process (Tables 1 and
2) were observed on the instrumental texture parameters recorded (p>0.05). Similarly,
no significant differences have been found in other studies (Rizo et al. 20173, b; Giese
et al., 2019) that replaced NaCl by KCI, except for chewiness in smoked trout. These
results could be partially explained because the thermal treatments were selected to

have a minimal impact on the texture on surface.
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3.3. Sensory Analysis

Significant differences in odour intensity, smoked odour, raw-salted salmon odour,
bitter taste, after-taste flavour and hardness due to salt substitution were observed
(Figure 2). Regarding the effect of smoking, differences were significant for orange
colour, odour intensity, smoked odour, raw-salted salmon odour, flavour intensity,

smoked flavour and pastiness (Figure 3).

No significant differences between control samples and those with 25% NaCl
substitution were observed for most of the evaluated attributes. The only attribute for
which a significant difference was observed was smoked odour. However, this
difference was small and the impact on the overall sensory characteristics might be
overall masked by all the other descriptors. For raw-salted salmon odour, the control
and 25% of salt substitution samples were scored with higher intensity with regard to
those with 50% of NaCl substitution (p<0.05). Conversely, samples with 50% of NaCl
substitution, despite having KCl masking aroma, were scored with higher intensity of
bitter taste and after-taste flavour, which can be associated with the persistence of KCl
bitterness as well as slightly higher intensity of hardness. The increase in bitter taste
and hardness was also reported by Guardia et al. (2008) at levels of 40% and 50% of
NaCl substitution by KCl in fermented meat products. Almli and Hersleth (2013), who
studied a 1/3 replacement of NaCl by KCl in cold-smoked salmon, did not find any
significant differences immediately after processing in the sensory properties including
bitterness and metallic flavour compared to the reference product (3 g NaCl added per

100 g; wt%). Furthermore, Osheba (2013) did not find any negative impact on
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appearance, odour, texture, and overall sensory acceptability of smoked herring by the
partial replacement of NaCl by KCl and/or K-lactate at levels of up to 40%. However,
Fuentes et al. (2012) reported that the taste scores were significantly lower for smoked
sea bass samples containing > 50% KCl.

In a consumer study by Rizo et al. (2017b), no more than 20% of participants were able
to detect differences between smoke-flavoured trout salted with 50% NaCl /50% KCI
and control samples. Similarly, Giese et al. (2019) reported that consumers did not
discriminate in liking between the sodium-reduced samples (2.7-3.7 g NaCl/100 g) and

the reference product (5.2 g NaCl/100 g).

Figure 2. Effect of salt substitution (least squares means and Root Mean Standard Error) on
sensory descriptors of smoked salmon. Significant level: *** (p<0.001), ** (p<0.05), *

(p<0.01)

The results from the sensory analyses of samples subjected to different smoking
processes showed that the smoking temperature had minimal effect on sensory
properties, regardless of whether smoking was done with wood or with liquid smoke.
Only a significant decrease (p<0.05) in orange colour was observed for hot-smoked
samples with wood compared to cold-smoked samples. However, this decrease was
not relevant (0.5 points) because it is considered that it would be hardly detected by a

consumer.

The type of smoking affected the odour attributes, flavour intensity (in the case of cold
smoking), smoked flavour and pastiness. In this respect, samples smoked using liquid

smoke were scored with higher odour intensity, smoked odour and smoked flavour. In
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contrast, these samples were scored with lower intensity of raw-salted salmon odour
and pastiness. Probably, the highest intensity of smoked odour and flavour masked
other attributes. No significant differences between samples on salty taste were
detected which agrees with that obtained by Guardia et al. (2008) who replaced 40%

of NaCl by KCl in fermented meat products.

The results obtained in the present work, are in line with those of other authors
aforementioned in the present section. However, it is important to highlight that the
trial was carried out under quite different conditions testing the interaction among salt
reduction, smoking temperature and smoking system, which were not significant

(p>0.05).

Figure 3. Effect of the smoking process (least squares means and Root Mean Standard Error)
on sensory descriptors of smoked salmon. Significant level: *** (p<0.001), ** (p<0.05), *

(p<0.01)

3.1. Microbiological results and predictive modelling

Concentrations of Listeria monocytogenes were below the limit of detection of (1 cfu
in 25 g) for all analysed salmon samples after 15 days at 1°C. LAB were also below the
detection limit (<100 cfu/g in surface plating), therefore, smoked salmon vacuum-

packed retained high quality characteristics.

The spoilage microbiota of vacuum-packed cold-smoked salmon can be dominated by
lactic acid bacteria (LAB), Enterobacteriaceae or Photobacterium spp. (Truelstrup

Hansen et al. 1998; Jgrgensen et al. 2000a, b). The processing environment and so-
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called in-house microbiota can have a substantial impact on the dominating product
microbiota (Truesltrup Hansen and Huss, 1998). The manufacture of smoked salmon
for the present trial was carried out in a pilot plant where this product is not usually
processed. The manufacture was performed under very high hygienic conditions,
which may be far from the conditions usually found in commercial production
environment. The very high hygienic conditions could explain why LAB were below the
limit of detection even at day 15 of chilled storage. Thus, there were no indications
that spoilage by LAB would represent a problem in the samples of smoked salmon

regardless of salt composition.

Predicted growth of LAB and L. monocytogenes very much depended on product
temperature, pH and a, as the water phase concentrations of lactic acid, from
endogenous origin, was similar irrespective of smoking and sodium reduction (Table 3).
Furthermore, the low phenol concentrations of 2.2-2.8 ppm in wood and cold-smoked
salmon had limited inhibiting effect on the predicted growth of LAB and L.
monocytogenes (Table 3). A 7-log increase in LAB concentrations was predicted to take
from 62 to more than 90 days at 1 °C, 20-24 days at 5 °C and 12-14 days at 8 °C,
depending on the smoking process and the sodium reduction. The predicted slow
growth of LAB at 1 °C could be part of the reason why these organisms were not
detected when analysed after 15 days at 1 °C. Although, spoilage can occur when LAB
achieve 7 Log cfu/g, in many occasions higher concentrations have been reported
without sensory spoilage (Truesltrup Hansen and Huss, 1998; Jgrgensen et al. 2000a).
On the other hand, such high concentrations of LAB in food contribute to inhibit the
growth of L. monocytogenes (Mejlholm et al. 2015). For L. monocytogenes a 2-log
increase in cell concentration was predicted to take more than 90 days at 1 °C, from 39
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to more than 90 days at 5 °C and 13-35 days at 8 °C (Table 3). The critical concentration
for L. monocytogenes in ready-to-eat foods within the EU is 100 cfu/g (European Union
Reference Laboratory for L. monocytogenes, 2019). When contaminated during
processing concentrations as high as about one L. monocytogenes cell/g of smoked
salmon can be observed (Mejlholm et al. 2015) and a 100-fold (2-log) increase in cell
concentrations of L. monocytogenes determines the time for critical growth in smoked
salmon. If shelf-life longer than these critical times is desired then smoked salmon
need to be reformulated to become more inhibiting against the growth of L.
monocytogenes at storage temperatures reasonably occurring during the retail and
consumer storage. The studied smoked salmon showed relatively low a,, (Tables 1, 2
and 3) in comparison with a,, > 0.97 often reported for smoked salmon (Jgrgensen et
al. 2000a). This contributed to the predicted long time taken by L. monocytogenes to
achieve the critical increase of 2-log units: more than 90 days at 1 °C and from 39 to
more than 90 days at 5 °C. Only at the storage temperature of 8 °C, the critical growth
occurred at a time close to the duration of the present experiment (15 days). A larger
margin to ensure the compliance with the food safety microbiological criteria
(Regulation (CE) 2073/2005) could be achieved by using a formulation able to stabilize
the smoked salmon against growth of L. monocytogenes, even when stored at 8 °C. For
example, product stabilization could be achieved with the addition of natural
biopreservatives based on organic acids to achieve 2400 ppm of acetic acid/acetate in
water phase (ca. 0.16% acetic acid/acetate in the product) or 1000 ppm acetic
acid/acetate in water phase (0.07% in product) together with 15000 ppm lactic
acid/lactate in water phase (0.43% lactic acid/lactate in product). Cold-smoking with

wood to achieve 15 ppm of phenols would also allow to reduce the amount of acetic
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acid/acetate in water phase to 1400 ppm (ca. 0.09% of acetic acid/acetate in the
product) and still obtain a product stabilised against growth of L. monocytogenes.
Other relevant combination of product characteristics and storage condition to
prevent growth of L. monocytogenes can be predicted as explained by Dalgaard and

Mejlholm (2019).

3.4 Economical analysis

The suggested approach to Na reduction exclusively involves a modification of the
formulation and consequently, there is no need for any investments or changes to the
manufacturing process. Thus, the only difference from an economic perspective is the
cost of the ingredients. The price of KCl is considerably higher than that of NaCl and
therefore, the cost of salt will be approximately 5 times higher with 25 % substitution
and 10 times higher with 50 % substitution. However, the effect on the price of the
final product will be much smaller since salt makes up a very small part of the total
costs. Salt represent 1.1 % of the cost of ingredients and since the cost of salmon is
much higher than that of salt, the increased cost of production is estimated to be
merely fractions of 1 %. Almli and Hersleth (2013) evaluated the consumer’ willingness
to pay in smoked salmon with reduced salt content. Consumers did not discriminate
between salt types (with different sodium content), neither in liking nor in willingness
to pay. According to the authors, the results indicate a market potential for partially

salt-replaced smoked salmon.
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Conclusions

The present study has shown the feasibility of a Na reduction by the use of KCl as NaCl
substitute in smoked salmon combined with temperature (cold and hot smoking) and
smoking type (wood and liquid). Under the tested conditions, Na reduced samples
(25% and 50%) showed no differences compared to the control regarding most of the
physicochemical parameters and sensory properties after 2 weeks of storage at chilled
temperature. Furthermore, microbiological assessment indicates that 2-week shelf-life
would be appropriate and safe in terms of accomplishment of the EU regulation, taking
into account foreseeable storage temperatures (up to 8 9C). Thus, the NaCl
replacement by KCl (up to 50%) can be applied in the seafood industry to reduce Na
levels in the preparation of smoked salmon, assuring a healthier and safe product,
which could be part of the global Na reduction policy in processed foods and may
contribute to long-term societal health benefits. Thus, the molar replacements of NaCl
by KCl (25% and 50%) in the preparation of smoked salmon will have benefits on

consumers’ health.
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Figure 2
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Figure 3

Orange colour (0,2879)**
Pastiness (0,3432) Cooked colour {0,3952)

Crumbliness (0,4426) Odour Intensity (0,3141}**

Ti“
Hardness (0,2406) ] } Smoked odour (0,5818)***

'r”

v %
Raw-salted salmon odour
After-taste {0,5397) W
A (0,7277)**
R .
Bitterness (0,3010) N =" Flavour Intensity (0,4191)*
N=™
Saltiness (0,5305) Smoked flavour (0,4694)%*=

Sweetness (0,4574)

e== ‘Wood and cold temperature ssseee Woodand hot temperature

== = = Liguid smoke and cold temperature Liguid smoke and hot temperature

34



Table 1

Batch
25% 50% P value RMSE*
Control o -
substitution  substitution
Physicochemical parameters
aw 0.964 0.967 0.966 0.059 0.004
Water content 61.26 61.65 60.35 0.429 1.381
pH 5.80 5.80 5.87 0.219 0.114
Na (mg/100g) 1054.31° 769.76° 494.19¢ <0.0001 105.63
K (mg/100g) 493.91° 993.79° 1426.04° <0.0001 89.139
Instrumental colour
L 49.67 47.78 50.01 0.468 5.160
a 20.06" 22.01° 20.52% 0.019 2.314
b 20.85 22.37 20.79 0.135 2.485
Instrumental texture
Force (N) 2.02 1.63 1.83 0.081 0.313
Area (g.mm)  310.71 258.93 278.07 0.068 42.631
Slope (g/mm) 70.50 56.04 64.50 0.104 12.241

2P \Within a row, least squares means with different superscripts differ significantly (p < 0.05). N= 16 salmons (32

fillets) per determination of instrumental colour parameters. RMSE": Root Mean Square Error of the lineal model.
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Table 2

Batch
sn::c?II((ijng smI-(IJ(I)(Eng Cold Iiguid Hot Iic!uid Pvalue  RMSE'
with wood  with wood smoking smoking
Physicochemical parameters
ay 0.965 0.965 0.967 0.964 0.1660  0.0043
c\cl)v:tt:r:t 62.06° 59.77° 61.92% 60.60®° 00197 1.3806
pH 5.92° 5.83% 5.79° 5.75° 0.0003  0.1139
Na (mg/100g)  779.98 783.39 728.39 799.95 0.6484  105.629
K (mg/100g)  1001.64 1000.99 917.68 964.67 0.4831  89.139
Instrumental colour parameters
L 51.01 50.25 48.26 47.08 0.0592  5.1599
a 20.79%° 21.93° 19.62° 21.11% 0.0253  2.3135
b 20.21° 21.80% 20.46" 22.87° 0.0027  2.4846
Instrumental texture parameters
Force (N) 1.56 1.91 1.98 1.85 0.0883  0.3134
Area (g.mm)  241.17 292.46 299.71 296.95 0.0574  42.63
Slope (g/mm)  54.73 67.02 70.31 62.66 0.1169  12.24

2P \Within a row, least squares means with different superscripts differ significantly (p < 0.05). N= 16 salmons (32

fillets) per determination of instrumental colour parameters. RMSE": Root Mean Square Error of the lineal model.
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Table 3. Predicted growth of Listeria monocytogenes and lactic acid bacteria in vacuum-packed smoked salmon depending on product characteristics and
storage temperature.

Predicted growth of bacteria

Smoking and sodium reduction Measured product characteristics® Listeria Lactic acid bacteria
monocytogenes
Smoke Smoke % NacCl; Aw % NaCl in pH Lactic acid in Phenol, Time for 2-log Time for 7-log
type temp. % KCl water phase water phase, ppm° increase (days) increase (days)

(wPs) ® g/L° 1°C_5°C_ 8%C 1°C_ 5C_ 8%C

Wood Cold 100; 0 0.964 + 5.9510.76 5.92+0.21 2.2+0.5 >90 51 16 79 23 14
0.010

Wood Cold 75; 25 0.966 + 5.65 + 0.69 5.77 £0.17 9.0+4.2 2.8+0.9 >90 >90 25 87 23 14
0.002

Wood Cold 50; 50 0.966 + 5.62 £ 0.63 5.87 £0.32 24103 >90 57 17 75 22 13
0.005

Wood Hot 100; 0 0.963 6.11+£0.92 5.77 £ 0.32 - >90 >90 24 >90 24 14
0.006

Wood Hot 75; 25 0.967 5.43 £ 0.85 5.79 £ 0.35 8.5%3.0 - >90 68 18 70 22 12
0.006

Wood Hot 50; 50 0.964 + 5.96 £ 0.48 5.93+0.32 - >90 41 14 72 22 13
0.003

Liquid Cold 100; 0 0.966 + 5.66 + 0.64 5.75+0.31 - >90 >90 23 81 22 13
0.004

Liquid Cold 75; 25 0.969 + 5.2510.08 5.85+0.25 8.5%5.0 - >90 45 14 62 20 12
0.001

Liquid Cold 50; 50 0.968 + 5.41+0.36 5.90+0.27 - >90 39 13 62 20 12
0.002

Liquid Hot 100; 0 0.963 6.09 £ 1.40 5.75+0.32 - >90 >90 35 >90 24 14
0.010

Liquid Hot 75; 25 0.966 + 5.68 £ 0.31 5.73+0.30 9.7%5.0 - >90 >90 34 >90 22 13
0.002

Liquid Hot 50; 50 0.964 + 5.89+£0.73 5.7510.44 - >90 >90 34 >90 23 14
0.005
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?Values indicate mean * standard deviation.” Percentage WPS determined from measured a,, (Jgrgensen et al. 2000a). “ Determined for each combination of smoke type
and temperature (n = 10-12). 4Phenol was exclusively measured for cold-smoked salmon produced with wood smoke as models to predict the effect of other types of
smoking are not available.
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Highlights

25-50% NaCl replacement by KCl was investigated for natural and liquid smoking
procedures at 18-19 and 56 2C

No sensory differences were observed for 25% NaCl replacement by KCl in the four
smoking treatments

50% NaCl replacement by KCl resulted in a slightly more bitter product in all the
smoking treatments

Salmon with KCl substitution had a 2 week shelf-life when stored in refrigeration
Salmon with KCl substitution could be a “source” of K

Salmon with KCl substitution could be a “reduced salt content” product
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