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Abstract

Sodium (Na) is primarily consumed as salt (sodium chloride, NaCl), which is a critical food ingredient
that contributes to improve preservation, shelf-life and sensory attributes (e.g. texture and taste). On
the other hand, the excessive Na intake is a risk factor for cardiovascular diseases including stroke and
heart diseases. The actual NaCl intake in most countries is far above recommended level of 5 g
NaCl/day. Therefore, the reduction of NaCl is among top priorities for health authorities around the
globe and the World Health Organization (WHO) adopted a strategy to reduce NaCl intake by 30%
until 2025. Integral part of the reduction strategy is to limit NaCl intake from seafood, which is
especially relevant for regions with a significant fish and shellfish consumption. The purpose of the
project was to (i) review the current situation of relevant strategies to reducing NaCl content in
seafood (literature review), (ii) assess benefit/risk of NaCl replacement with other substances/
ingredients in seafood and (iii) disseminate results obtained. In the first phase of the project, the
literature review was performed and the review paper was prepared. The second part of the project
was focused on the experimental studies on smoked trout which commercially available products can
deliver up to 4 g NaCl in 100 g. The aim of this study was to optimise the development process of
smoked trout with reduced NaCl content without compromising quality and safety attributes. Another
part of the project was related to the dissemination of results which resulted in the preparation of
three conference abstracts and two experimental papers.

© 2022 Wiley-VCH Verlag GmbH & Co. KgaA on behalf of the European Food Safety Authority.

Keywords: salt reduction, sodium chloride (NaCl), potassium chloride (KCl), seafood, fish, trout

Correspondence: eu-fora@efsa.europa.eu

EFSA Journal 2022;20(S1):e200420www.efsa.europa.eu/efsajournal



Declarations of interest: The declarations of interest of all scientific experts active in EFSA’s work
are available at https://ess.efsa.europa.eu/doi/doiweb/doisearch.

Acknowledgements: This report is funded by EFSA as part of the EU-FORA programme 2020/2021.
The research activities were performed in a team composed of: Iga Rybicka (fellow), Amparo
Gonc�alves, Helena Oliveira, Ant�onio Marques and Maria Leonor Nunes (supervisor).

Suggested citation: Rybicka I and Nunes ML, 2022. Benefit and risk assessment of replacing of
sodium chloride by other salt/substances in industrial seafood products. EFSA Journal 2022;20(S1):
e200420, 11 pp. https://doi.org/10.2903/j.efsa.2022.e200420

ISSN: 1831-4732

© 2022 Wiley-VCH Verlag GmbH & Co. KgaA on behalf of the European Food Safety Authority.

This is an open access article under the terms of the Creative Commons Attribution-NoDerivs License,
which permits use and distribution in any medium, provided the original work is properly cited and no
modifications or adaptations are made.

The EFSA Journal is a publication of the European Food Safety
Authority, a European agency funded by the European Union.

Salt reduction in seafood

www.efsa.europa.eu/efsajournal 2 EFSA Journal 2022;20(S1):e200420

https://ess.efsa.europa.eu/doi/doiweb/doisearch
https://doi.org/10.2903/j.efsa.2022.e200420
http://creativecommons.org/licenses/by-nd/4.0/


Table of contents

Abstract................................................................................................................................................... 1
1. Introduction...................................................................................................................................... 4
2. Description of work programme ......................................................................................................... 5
2.1. Aim and activities/methods ................................................................................................................ 5
3. Results and conclusions ..................................................................................................................... 5
3.1. Task 1: Guidelines for salt reduction in seafood ................................................................................... 5
3.2. Task 2: Experimental studies .............................................................................................................. 6
3.3. Task 3: Dissemination ........................................................................................................................ 8
References............................................................................................................................................... 8
Abbreviations ........................................................................................................................................... 9
Glossary .................................................................................................................................................. 9
Annex A – The poster for conference 1 ...................................................................................................... 10
Annex B – The poster for conference 3 ...................................................................................................... 11

Salt reduction in seafood

www.efsa.europa.eu/efsajournal 3 EFSA Journal 2022;20(S1):e200420



1. Introduction

Reducing salt (sodium chloride, NaCl) intake has been identified as one of the most cost-
effective measures that can be taken to improve the health of worldwide population (WHO, 2020). The
excessive NaCl intake is linked with cardiovascular diseases such as stroke or heart disease (Strazzullo
et al., 2009). It is estimated that reaching a global target of a 30% reduction in salt intake by 2025
(compared to 2010 levels) would save about 40 million lives over 30 years (WHO, 2012). The
recommended daily intake is 5 g NaCl but the actual intake in Europe is two to three times higher
(EFSA, 2019) (Figure 1).

Different strategies for salt reduction include governmental polices, co-operation with food industry
to reformulate products, social campaigns and monitoring the population salt intake (European
Commission, 2012; WHO, 2020). Most initiatives apply to NaCl reduction in ready-to-eat products and
meals served in schools or nurseries. In terms of particular food category, they primarily apply to
bakery products (bread), snacks and cheese. The food reformulation is mostly based on lowering
NaCl content during processing, the replacement of NaCl by substitutes such as KCl, MgCl2, CaCl2,
amino acids and the addition of flavour enhancers or their combinations. KCl. The most often used a
replacer is KCl which has similar properties to NaCl and its consumption can promote a protective
effect against high blood pressure, stroke or osteoporosis (Hall, 2003). However, a very limited number
of studies was conducted for salt reduction in seafood products so far.

Figure 1: Daily intake of salt (presented in g of NaCl per person per day) in Europe [European
Commission, 2012]
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The reduction of salt intake from fish and shellfish products is especially important for regions with
high seafood consumption such as such as Iceland, Maldives, Micronesia and Hong Kong (≥ 70 kg per
capita/year; global average = 20 kg per capita/year) (Statista, 2021). On the other, smoked seafood
are eagerly chosen by many consumers due their specific taste, aroma and colour. Smoked fish and
shellfish should be given a special attention as processing of raw fish significantly increases NaCl
content in the product. The portion of 100 g of commercially available smoked fish often deliver up
to 100% of recommended daily intake of NaCl. Therefore, the project was focused on the benefit and
risk assessment of NaCl replacement with other salts/substances in seafood.

2. Description of work programme

2.1. Aim and activities/methods

The project was aimed at three tasks:

1) preparation and submission of guidelines for the application of relevant strategies to reduce
NaCl content in seafood (literature review);

2) assessing benefit/risk of NaCl replacement with other substances/ingredients in seafood;
3) elaborating and disseminating results obtained.

3. Results, discussion and conclusions

The time schedule of the project is presented in Table 1.

Table 1: The schedule of the project

3.1. Task 1: Guidelines for salt reduction in seafood

Taking into account COVID-19 restrictions in Portugal at the beginning of 2021, the project was
conducted in a remote version from February 1 until March 31. It was agreed that project will initially
include the preparation of a review paper on substitution of NaCl by other ingredients in seafood
products. The aim was to: (i) discuss the Na content in seafood, (ii) indicate the positive and negative
roles of NaCl in seafood processing, (iii) identify the main strategies to reduce NaCl in seafood products,
(iv) categorise the ingredients used as substitutes of NaCl, (v) specify how the current substitutes of NaCl
affect its technological function in seafood production and (vi) discuss the nutritional (dietary) impact of
NaCl substitution, (vii) debate the influence of NaCl replacement on physicochemical properties of
seafood products, (viii) discuss the influence of NaCl replacement on sensory attributes of seafood
products and (ix) discuss the influence of NaCl replacement on microbiological safety of seafood
products. The preparation of the paper included three subtasks presented in Table 1: data extraction,
manuscript preparation and manuscript submission. Subtask 1 was performed within close collaboration
between the fellow and supervisor and included the following steps (Figure 2).

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12

Jan Febr MarchApr May June July Aug Sept Oct Nov Dec

Task 1. Guidelines for salt reduction in seafood

1.1. Data extraction
1.2. Manuscript preparation
1.3. Manuscript submission
Task 2. Experimental studies

2.1. Experimental I
2.2. Experimental II
Task 3. Dissemination

3.1. Research papers
3.2. Conferences

EFSA induction training

Month number
Month 

Year 2021
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Once the data were collected, the manuscript was prepared by the fellow first and then revised by
the team from the hosting site. From April 1, the preparation of the review paper was continued in the
hosting site and was finalised in August 23 by submitting it to the scientific journal. As of November 9,
the manuscript status is ‘under revision’ in Food Control (Elsevier).

3.2. Task 2: Experimental studies

Task 2 applied to experimental studies on the replacement of NaCl with other substances/
ingredients in smoked trout. The aim of these studies was to assess the benefit and risk of this
substitution in terms of multiply chemical, physical, microbiological and sensory attributes.

Task 2.1. Experiment I

The study was conducted in April–June 2021 using hosting site facilities. It covered all steps of
experimental study namely: conceptualisation, investigation and formal analysis. The fellow was
personally involved in all steps.

AIM: To develop safe, healthy and attractive smoked trout with reduced content of NaCl
MATERIAL: Hot smoked rainbow trout (Oncorhynchus mykiss) developed using eight formulations

with different concentrations of NaCl, KCl, sugar and bitterness masking agent

Figure 2: Studies comprised in the review paper [adapted from draft of the paper]
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METHODS: Determinations in raw material and smoked products included:

– microbiological analysis,
– instrumental texture/colour,
– sensory analysis

RESULTS: Satisfactory results were obtained for microbiological, texture and colour factors,
however, the results obtained for sensory analysis (very high/high scores for salty taste) precludes the
application of conditions applied in the experiment.

Task 2.2. Experiment II

The study was conducted in July–November 2021 and included conceptualisation, investigation and
formal analysis. The fellow was personally involved in all steps. The results from Experiment I were
carefully taken into consideration and appropriate corrections were included in the Experiment II.

AIM: To develop safe, healthy and attractive smoked trout with reduced content of NaCl
MATERIAL: Hot smoked rainbow trout (Oncorhynchus mykiss) developed using eight formulations

with different concentrations of NaCl, KCl, sugar, microencapsulated plants + spices
(ME) and bitterness masking agent

METHODS: Determinations in raw material and smoked products included the following analyses:

– microbiological,
– moisture, fat, protein,
– chlorides, Na, K,
– pH, water activity (aw),
– water holding capacity (WHC),
– instrumental texture/colour,
– sensory

RESULTS: The last results for Experiment II were obtained in mid-November. Results allowed for
identification of formulations with most desirable attributes especially in relation to NaCl
reduction/sensory attributes ratio. The results indicate that the replacement of NaCl with
KCl and ME, with or without masking agent, is a potential solution towards more
sustainable and healthy diets (with lower Na and higher K content).

As expected, there was a significant Na reduction in smoked trout developed either with KCl, or
with microencapsulated plants + spies (with or without bitterness masking agent). Smoked trout with
reduced NaCl levels delivered significantly less NaCl which can limit its intake to the recommended
level of 5 g of per day (EFSA NDA Panel, 2019). An increase in the K level was also observed for
formulations developed with KCl addition and is expected to bring other health benefits. Smoked trout
produced with KCl can be labelled as a ‘source of K’ according to the definition of this claim
(Regulation (EC) No 1924/2006) (European Commission, 2006), which is essential for supporting blood
pressure, cardiovascular health, bone and muscle strength (EFSA NDA Panel, 2016). Moreover, the Na:
K ratio, which is also positively associated with blood pressure and is a predictor of cardiovascular risk,

Figure 3: Experiment I: the development of smoked trout with reduced content of NaCl [own data]
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decreased in products prepared with NaCl replacement compared to traditional smoked products.
These ratios observed in samples prepared with reduced Na levels are closer or in line with the WHO
that recommended Na:K ratio ≤ 1 (O’Halloran et al., 2016).

3.3. Task 3: Dissemination

This task included dissemination of results by the preparation of research article and conferences
participation. First dissemination activity applied to the description of salt reduction strategies utilised
in the European food industry. The 1st International Conference on Quality and Management Sciences
2021 (conference 1) was organised by Poznan University of Economics and Business in September
13–15, 2021, in Poznan (Poland). The abstract entitled ‘European strategies for salt reduction in food’
was authored by Iga Rybicka, Ant�onio Marques, Amparo Gonc�alves, Helena Oliveira and Maria Leonor
Nunes and presented by fellow during remote participation in the conference.

The results from experimental studies (Experiments I and II) are being analysed and the
manuscript 1 is under preparation. It is projected to finish the draft of the paper by the end of
December 2021. After its revision by the research team, the manuscript will be submitted to the
journal (expected date: 1st Q of 2022). Working title of the manuscript is ‘Development and quality
assessment of smoked rainbow trout with reduced sodium content’ by Iga Rybicka, Marlene Silva,
Amparo Gonc�alves, Helena Oliveira, Ant�onio Marques, Maria Jo~ao Fraqueza and Maria Leonor Nunes.
Moreover, results from Experiments I and II were summarised and described in abstract for ONE –
Health, Environment, Society – Conference 2022 which is organised by, e.g. EFSA in June 21–24,
2022, in Brussels (Belgium) (conference 2). The submission (entitled ‘Development of safe, nutritious
and attractive smoked trout with reduced salt content’, which was authored by Iga Rybicka, Marlene
Silva, Amparo Gonc�alves, Helena Oliveira, Maria Jo~ao Fraqueza, Ant�onio Marques and Maria Leonor
Nunes) was already accepted by organising committee. Depending on the organisational and financial
capabilities of the fellow her participation will be in physical or remote attendance (organisers allow
both possibilities).

Dissemination activities were expanded by the elaboration of results obtained for smoked mackerels
with reduced content of NaCl which were developed and analysed in CIIMAR at the beginning of 2021.
The fellow did not participate in person in the experiment, but the results from this experiment were
analysed and the draft of the manuscript 2 was prepared by Iga Rybicka. The draft of the
manuscript is now revised by the research team and its submission is planned for the end of
November 2021 (title ‘Development and quality of smoked mackerel (Scomber japonicus) with reduced
sodium content’ by Iga Rybicka, Marlene Silva, Amparo Gonc�alves, Helena Oliveira, Ant�onio Marques,
Maria Jos�e Fernandes, Maria Helena Fernandes, Maria Jo~ao Fraqueza and Maria Leonor Nunes).
Moreover, the results from this experiment were already presented in the 35th EFFoST International
Conference: Healthy Individuals, Resilient Communities, and Global Food Security (conference 3)
which was held November 1–4, 2021, in Lausanne (Switzerland) among fellow’s physical attendance in
the event (funded by EU-FORA programme). The title of the poster was ‘Salt reduction strategies in
processed seafood’.

Additionally, to the work programme, the fellow participated in the experimental study aimed at
optimising smoking conditions for the development of industrial seafood. In October 2021, the fellow
was involved in the preparation of raw rainbow trout for further processing of the fish which are
planned for the 1st quarter of 2022. The fellow and supervisor will be co-authors of the research
results published in manuscript 3 by the end of 2022.

All dissemination outputs (papers and conference submissions) are and will be acknowledged by
EFSA EU-FORA programme. Posters for conference 1 and conference 2 are attached as annexes to the
technical report.
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aw water activity
ME microencapsulated herbs and spices
WHC water holding capacity
WHO world health organization

Glossary

Salt Applies to sodium chloride (NaCl) as it is a major salt used in food industry
Salt reduction Applies to the reduction of NaCl as ~ 95% of Na intake originates from NaCl
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