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1. Introduction  

Food production and consumption are major contributors to anthropogenic greenhouse gas emissions, 

which are the major cause of climate change1. The environmental and ecological impacts of food 

production are becoming more important for consumers when making dietary choices. Consumers want to 

learn more about the environmental aspects of food production and consumption, but understanding the 

information related to food, health, nutrition, and food safety is difficult and making good food choices 

represents a challenge2. 

On a global basis the agriculture sector is one of the biggest contributors to climate change and food is 

associated with 19ς29 % of greenhouse gas emissions3. According to FAOΩǎ 2014 report4, emissions from 

agriculture, forestry and fisheries have nearly doubled over the past fifty years and could increase by an 

additional 30 % by 2050 unless greater efforts are made to reduce them. According to the report, the 

greenhouse gas intensity values of the commodity products were ranked from highest to lowest as follows: 

beef, pork, eggs, rice, milk, and cereals. The greatest environmental load of agriculture comes from the 

meat production sector. The production of livestock accounts for 30 % of land use globally and 70 % of all 

ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘΦ [ƛǾŜǎǘƻŎƪ ǇǊƻŘǳŎǘƛƻƴ ƎŜƴŜǊŀǘŜǎ ƴŜŀǊƭȅ ŀ ŦƛŦǘƘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƎǊŜŜƴƘƻǳǎŜ ƎŀǎŜǎ τ more 

than does transportation5. 

In Finland, the food chain is responsible for a significant amount of greenhouse gas emissions: 7 % of all 

carbon dioxide emissions, 43 % of methane emissions, 50 % of nitrous oxide emissions, 12 % of 

perfluorocarbon gas emissions and 69 % of ammonia emissions. The food chain is therefore estimated to 

contribute 14 ҈ ǘƻ CƛƴƭŀƴŘΩǎ ƛƳǇŀŎǘ ƻƴ ŎƭƛƳŀǘŜ ŎƘange. Using the lunch plate approach, a single lunch 

portion was estimated to contribute 2ς12 ҈ ƻŦ ŀ ǘȅǇƛŎŀƭ CƛƴƴƛǎƘ ŎƻƴǎǳƳŜǊΩǎ Řŀƛƭȅ ƛƳǇŀŎǘ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ 

hƴŜ ŘŀȅΩǎ ŦƻƻŘ ŎƻƴǎǳƳǇǘƛƻƴ ŎƻǳƭŘ ŀŎŎƻǳƴǘ ŦƻǊ мрς20 ҈ ƻŦ ŀ ŎƻƴǎǳƳŜǊΩǎ ǘƻǘŀƭ Řŀƛƭȅ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ impact6. 

Eutrophication, nutrient pollution in water, is a global problem that has grown exponentially during the 

past 50 years. According to the European Environment Agency, the main source of nitrogen pollutants is 

run-off from agricultural land, whereas most phosphorus pollution comes from households and industry7. 

In Finland, most of the nitrogen and phosphate load in the Baltic Sea is caused by primary production. 

Eutrophication mainly results from animal feed production, which occupies more than half of the arable 

land area in the Baltic Sea region. A particular problem related to increasing sensitivity of the Baltic Sea to 

eutrophication is a tendency for the development of toxic cyanobacteria blooms, which can have effects on 

the entire food chain8,9. 

In addition to eutrophication, the Baltic Sea has also been exposed to extensive use of chemicals from the 

very beginning of the industrialization era, and it has one of the longest histories of contamination in the 

world10. For these reasons, the Baltic Sea has been referred to as one of the ǿƻǊƭŘΩǎ most polluted seas. 

Emissions of hazardous compounds originate from a variety of sources, including industries, households, 

agriculture and various additional diffuse sources. Long term emissions from construction materials, and 

consumer products with an extremely long life cycle, have been noticed recently. From these sources, 

hazardous compounds are discharged into the aquatic environment via different pathways such as urban 

runoff, treated effluents and atmospheric deposition10Φ aŀƴȅ άƭŜƎŀŎȅέ ŎƻƴǘŀƳƛƴŀƴǘǎ ǎǘƛƭƭ ŜȄƛǎǘ ƛƴ ǘƘŜ .ŀƭǘƛŎ 

environment due to their substantial historical use and extreme persistence (e.g. Weber et al. 200811). 

Once generated, they can persist in soils, sediments and waste depositories for periods extending from 

decades to centuries. Transport mechanisms, such as discharge and evaporation from land areas as well as 
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transport from contaminated soils and sediments, result in long residence times before entering the Baltic 

food chain. 

Food choice can dramatically reduce greenhouse gas emissions3 and nutrient load of the Baltic Sea. 

Climate-friendly eating (reduction in meat and dairy consumption in favour of vegetables, fruit and cereals) 

is healthier. Westhoek et al. 2014 reported that halving the consumption of meat, dairy products and eggs 

in the European Union would achieve a 40 % reduction in nitrogen emissions, 25ς40 % reduction in 

greenhouse gas emissions and 23 % per capita reduced use of cropland for food production. In addition, 

the dietary changes would also lower health risks12. In Finland, the agricultural nutrient load could be 

reduced by 7 % by changing eating habits towards a healthier direction simply by following the official food 

recommendations14. According to Korkala et al. 201413, increasing awareness of climate change could lead 

to increased consumption of climate-friendly food, reduction in greenhouse gas emissions, and thus climate 

change mitigation. 

ά¢ƘŜ .ŀƭǘƛŎ 9ƴǾƛǊƻƴƳŜƴǘΣ CƻƻŘ ŀƴŘ IŜŀƭǘƘΥ ŦǊƻƳ Iŀōƛǘǎ ǘƻ !ǿŀǊŜƴŜǎǎ ς Chh5²9.έ project focused on 

public awareness about the links between food quality and its origin, focusing on the Baltic Sea and its 

surroundings. The cultivation of food for humans and its related production activities might cause negative 

impacts on the Baltic Sea. In addition, aquatic food products from the Baltic Sea may cause problems to 

humans as a result of toxins in the marine environment. This is a circular problem in the Baltic ecosystem14. 

One of the main goals of the FOODWEB ǇǊƻƧŜŎǘ ǿŀǎ ǘƻ ǇǊƻŘǳŎŜ ŀ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴ άCƻƻŘǇƭŀǘŜέ 

(http://foodweb.ut.ee/foodplate/) to aid estimation of food (i.e. lunch) choices while getting feedback on 

energy content, nutritional quality, environmental impacts and possible contaminant exposure. The aim is 

to compile an ideal lunch plate with the right energy content and nutritional balance, low environmental 

impact and low human exposure to contaminants. 

The goal of this study was to test the effectivŜƴŜǎǎ ƻŦ ǘƘŜ άCƻƻŘplateέ ŀǇǇƭƛŎŀǘƛƻƴ ƻƴ ŎƻƴǎǳƳŜǊǎΩ selection 

of healthy and environmentally friendly meals. The basic meal set was generated according to Finnish 

consumption statistics and nutritional, environmental and toxicity values of the meals were calculated 

using the άCƻƻŘǇƭŀǘŜέ ŀǇǇƭƛŎŀǘƛƻƴΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǿŜǊŜ ŜǾŀƭǳŀǘŜŘ ōŀǎŜŘ ƻƴ the literature. The objectives were 

to improve further ǘƘŜ ƴǳǘǊƛǘƛƻƴŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǉǳŀƭƛǘȅ ƻŦ ƳŜŀƭǎ ōȅ ƛƴŎǊŜŀǎƛƴƎ ŎƻƴǎǳƳŜǊǎΩ ǎŜƭŜŎǘƛƻƴ ƻŦ 

healthy and sustainable meal components. Three different scenarios were developed to study how slight 

changes in the raw material compositions of meals affect the nutritional quality, environmental impact and 

toxic exposure. 
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2. Materials and methods 

We used the data and the assessment methƻŘǎ ƻŦ ǘƘŜ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴ άCƻƻŘǇƭŀǘŜέ 

(http://foodweb.ut.ee/foodplate/) to analyse the effects of food choice on health and the environment. 

Nutritional quality, environmental impact and toxic exposure were studied in a set of meals composed of 

different raw material components included in the άFoodplateέ database, so that each meal was distinct. 

We then investigated the meal data as well as the data on the raw material components in order to 

examine possibilities for consumers to decide which food to eat, which to approach with caution and which 

to avoid, and to what extent, when seeking improvements in these goal properties of their diets. Other 

environmental and economic properties of the diets, such as food expenditure and other environmental 

impacts etc. were not considered. 

We analysed dependencies among nutritional quality, environmental impacts and toxic exposure in the 

basic meal set, and produced estimates on how relatively slight modifications in the raw material 

compositions would affect the level of the three goal properties in the basic meal set. To generate the 

estimates we employed a scenario method for three improvement goals, namely: 

1) to reduce the climate change impact (carbon footprint),  

2) to increase the nutritional quality, and  

3) to reduce toxic exposure of the diet.  

For each goal a modification strategy for the raw material compositions of the basic meals was developed 

based on the dependencies established among the goal properties within the basic set, as well as the 

intensities of raw materials to increase each property calculated from the raw material data of the 

άCƻƻŘǇƭŀǘŜέ ƳƻŘŜƭΦ 9ŀŎƘ ǎǘǊŀǘŜƎȅ ǿŀǎ ǊŜƭŀǘƛǾŜ ŀƴŘ ƎŜƴŜǊŀƭ in nature, so that they could be easily applied to 

all meals in the basic meal set. 

For each improvement scenario we computed the effects of the modification on the actual goal property in 

the meal set, as well as the consequential effects on the other two goal properties. In addition to the 

improvement scenarios, the future trends of occurrences and possible impacts of selected hazardous 

compounds were evaluated based on the literature. In this part only contaminants that can end up in the 

environment through human activities were considered. Natural contaminants, such as nitrates, 

glycoalkaloids and mycotoxins, as well as contaminants formed during food production and processing, 

were not assessed, nor were the residues of plant protection agents, which were excluded due to 

insufficient information. 
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2.1. Basic meal set 

To generate the basic meal set we used ready-made meals and modified them to match the averages of 

two weeks per capita consumption for the raw materials computed from the Finnish agricultural statistics 

for 2002 and 201115, as well as from the results of a study on food consumption in 200716. The consumption 

Řŀǘŀ ŦƻǊ нллн ŀƴŘ нлмм ǿŜǊŜ ōŀǎŜŘ ƻƴ ¢ƛƪŜΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎǘŀǘƛǎǘƛŎǎ ό.ŀƭŀƴŎŜ sheet for food commodities, 

consumption of food commodities per capita, 1990ς2013, and the data for 2007 on The National FINDIET 

Surveys conducted by The National Institute for Health and Welfare (THL). The recipes for the ready-made 

meals (Appendix 1) were written by The Martha Organisation (Martat) in нлмоΣ ǇǳōƭƛǎƘŜŘ ƛƴ Ψ¢ƘŜ 

ŜƴǾƛǊƻƴƳŜƴǘ ƻƴ ŀ ǇƭŀǘǘŜǊΩ ōǊƻŎƘǳǊŜ17. 

These recipes, which are also the basis of the ready-ƳŀŘŜ ƳŜŀƭǎ ƛƴ ǘƘŜ άCƻƻŘǇƭŀǘŜέ ǘƻƻƭΣ ŀǊŜ ŀƭƭ ŀŘƧǳǎǘŜŘ ǘƻ 

one third of the daily energy and nutrients needs given in the Finnish Nutrition Recommendations of 

200518, taking into account the intake of energy, and fat (25ς40 %), protein (10ς20 %) and carbohydrates 

(45ς60 %) in relation to the total energy intake of the meal. Thus, each meal represents a nutritional whole. 

Accordingly, we composed three meals for each day in each two-week period for each reference year, 

resulting in a total of 126 meals with distinct compositions. Finally, we harmonised all meals for energy to 

meet one third of the daily energy requirement of an average 35 year old woman with a bodyweight of 63 

kg and a medium level of activity. Harmonisation was achieved by changing all raw materials of each meal 

relatively equally so that the energy content remained constant at about 3067 kJ per meal (732 cal/meal). 

The data were analysed using Statistica StatSoft software. 

 

2.2. Methods and data for  ÔÈÅ Ȱ&ÏÏÄÐÌÁÔÅȱ ×ÅÂ ÁÐÐÌÉÃÁÔÉÏÎ 

The environmental impact, contaminant exposure and nutritional quality of different food plates were 

examined using the άCƻƻŘǇƭŀǘŜέ ǿŜō ŀǇǇƭƛŎŀǘƛƻƴΦ ¢ƘŜ ǳǎŜ ŀƴŘ ōŀŎƪƎǊƻǳƴŘ ƻŦ ǘƘŜ άCƻƻŘǇƭŀǘŜέ ŀǇǇƭƛŎŀǘƛƻƴ ƛǎ 

described in the background paper: Web application άCƻƻŘǇƭŀǘŜ ς Ƙƻǿ ǘƻ ƳŀƪŜ ǊŜŀǎƻƴŀōƭŜ ŎƘƻƛŎŜǎΚέ19, 

which provides an overview of the data and methods used in the tool. In the following we discuss further 

the overview for the essential methods and data used to compute the energy intake, nutritional quality, 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ŀƴŘ ǘƻȄƛŎ ŜȄǇƻǎǳǊŜΣ ǿƘƛŎƘ ŀǊŜ ǘƘŜ Ƴŀƛƴ ƻǳǘǇǳǘǎ ƻŦ ǘƘŜ άCƻƻŘǇƭŀǘŜέ ǘƻƻƭΦ 

Energy intake values are based on Finnish Nutrition Recommendations 200518 and they follow the 

recommendations for the Nordic countries. The total energy of the food items selected for the plate is 

shown relative to the recommended energy intake. 

Nutritional quality shows the nutrient balance of proteins, carbohydrates, fats, sugars, salts, vitamins, 

minerals and microelements in the food. The nutritional data are from Fineli ® ς Finnish Food Composition 

Database maintained by the National Institute for Health and Welfare20. The database consists of over 3700 

foods and 55 nutrient factors. Nutrient values are average concentrations in Finnish foods. 
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²Ŝ ǳǎŜŘ ǘƘŜ ƳŜǘƘƻŘ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǘƘŜ άCƻƻŘǇƭŀǘŜέ ǘƻƻƭ ǘƻ ŎƻƳǇǳǘŜ ǘƘŜ ƛƴŘƛŎŀǘƻǊ ǾŀƭǳŜǎ ŦƻǊ ƴǳǘǊƛǘƛƻƴŀƭ 

quality. The method works on a meal basis in two phases. In the first phase intake scores are calculated for 

each of the nutrients taken into account in the model. Score function utilizes the data for absolute 

minimum intake (Ia,min), recommended minimum intake (Ir,min), recommended maximum intake (Ir,max), and 

absolute maximum intake (Ia,max). The άFoodplateέ model includes these data for every nutrient for various 

consumer groups. The data were collected mainly from the Finnish food recommendations (2005), and 

supplemented with data from the literature and experts, accordingly. In the case that a nutrient was given 

only as the recommended maximum intake (Ir,max) in the literature, then zero was assigned for the 

recommended minimum intake (Ir,min), and the absolute minimum intake (Ia,min) was set to -1. Intake scores 

are then computed so that when total intake of a nutrient (I) is 1) lower than Ia,min then the intake score is 

zero, 2) between Ia,min and Ir,min then the score is (I - Ia,min)/( Ir,min - Ia,min), 3) between Ir,min and Ir,max then 

the score is 1, and 4) between Ir,max and Ia,max then the score is (Ia,max - I)/( Ia,max ς Ir,max), and 5) greater 

than Ia,max then the score is zero. Figure 1 shows the intake score functions for sodium and fibre as an 

example. 

 

 

Figure 1. Intake score functions for saturated fatty acids and fibre. 

 

In the second phase, weighted intake scores for different nutrients are summed to get the indicator for the 

total nutrient quality of the meal. The weight given for a nutrient describes its relative importance for the 

ƴǳǘǊƛǘƛƻƴŀƭ ǉǳŀƭƛǘȅΦ Lƴ ǘƘŜ άCƻƻŘǇƭŀǘŜέ ƳƻŘŜƭ ǘƘŜ ǿŜƛƎƘǘǎ ŀǊŜ ƴǳǘǊƛŜƴǘ-specific constants, i.e. the same for 

all meals and consumer groups. Weights given for the nutrients are shown in Figure 2. 
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Figure 2. ²ŜƛƎƘǘǎ ƎƛǾŜƴ ŦƻǊ ǘƘŜ ƛƴǘŀƪŜ ǎŎƻǊŜǎ ƻŦ ƴǳǘǊƛŜƴǘǎ ƛƴ ǘƘŜ άCƻƻŘǇƭŀǘŜέ ƳƻŘŜƭΦ 

 

Environmental impact indicates the impact of food production on the environment. The value is 

normalised and calculated as the weighted average of three factors (weighting in parentheses): CO2 

equivalent (carbon footprint) (61 %), eutrophication impact (PO4 equivalent) on the Baltic Sea (28 %) and 

crop protection agents (CPA) (MCPA equivalent) applied by farming (11 %). CO2 eq and PO4 eq values per kg 

of food raw material are from LCA (lifecycle analysis) calculations made by MTT Agrifood Research Finland. 

Normalisation values used are 0.986 kg (CO2 eq), 11.35 g (PO4 eq) and 0.4847 kg (MCPA eq), and are 

produced by The Finnish Environment Institute (SYKE). 

MCPA eq values were calculated with characterisation factors derived from the environmental impact 

assessment model USEtoxTM21. Lƴ ¦{9ǘƻȄϰΣ ǘƘŜ compound-specific characterisation factor represents the 

compound's potency to induce potential ecotoxic damage on aquatic organisms. The usage data for crop 

protection agents (CPA) were obtained from ProAgria Agricultural Plot Database (Pro Agria 

Lohkotietopankki) developed by the Association of ProAgria Centres. Each CPA used was converted to kg 

MCPA, the most commonly used crop protection agent, using the equation: 

For active ingredient X, MCPA equivalent = c(X) / c(MCPA) 

Where c(X) is the ecotoxic value (USEtoxTM) of ingredient X and c(MCPA) that of MCPA, respectively. 
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Toxic exposure data were collected from European Food Safety Authority (EFSA) data and national 

contaminant data sources of the Finnish Food Safety Authority (EVIRA). The data indicate whether, and at 

which level, the food plate or individual food items contain certain contaminants. Contaminants taken into 

account in the calculation are dioxins, polychlorinated biphenyls, furans, benzo(a)pyrene, acrylamide, 

mercury, cadmium, lead, arsenic, organotins, perfluorooctane sulphonate (PFOS), perfluorooctanoic acid 

(PFOA), nitrates and the toxins aflatoxin, ochratoxin, deoxynivalenol and T2-HT2. 

We used the method of the άFoodplateέ model to compute the toxic exposure indicator. The method 

comprises two phases. In the first phase, concentrations of contaminants in each food raw material are 

converted into body weight (BW) units (kg BW/kg raw material) by dividing them by the TWI (Tolerable 

Weekly Intake) value. Human Exposure Index (HEI), which represents the joint exposure, is calculated as an 

average of the BW values of the contaminants multiplied by N
0.5

, where N is the count of contaminants 

(19). In the second phase, the toxic exposure indicator is computed by multiplying the body weight values 

of the contaminants by the intake quantity for each raw material, and then summing the results by 

contaminants over the raw materials to obtain the total exposure for the meal. 
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2.3. Improvement scenarios  

With the help of scenarios we studied how slight changes in the raw material compositions would affect 

the nutritional quality, environmental impact, and toxic exposure of meals. The changes should not 

essentially change the character of the meals, the diversity of food, or the energies of the meals. Hence, 

three scenarios were developed, each for a different specific goal, as described below. 

Scenario 1. Reducing the climate change impact (carbon footprint) of meals 

The goal for this scenario was to reduce the carbon footprints of meals. The strategy was to reduce the 

amounts of animal protein raw materials and increase the amounts of vegetables, carbohydrate raw 

materials and fish, while keeping the amounts of other raw materials unchanged. Reduction was by 15 % 

and the increase by a factor corresponding to the energy increase needed collectively to compensate for 

the energy decrease resulting from the reduction. 

The strategy was justified by the CO2 eq intensities. In the άFoodplateέ database the average intensity was 

0.78 g CO2 eq/kJ for protein and milk protein raw materials of the basic meal set, and for vegetables, 

carbohydrate raw materials and fish 0.16 g CO2 eq/kJ, respectively. 

Scenario 2. Increasing the nutritional value of meals 

The goal for the scenario was to increase the nutritional value of meals. The strategy used was to reduce 

the amounts of raw selected materials containing saturated fats, salt and sugar and to increase the 

amounts of other raw materials. Reduction was by 25 % and the increase by a factor corresponding to the 

energy increase needed collectively to compensate for the energy decrease due to the reduction. 

The strategy was justified by the intensities of saturated fats, salt and sugar. Thus, 13 milk products were 

chosen for saturated fatty acid reduction, salt and four sodium-containing raw materials for sodium 

reduction, and sugar and five sugar-containing raw materials for sugar reduction. The selected products 

were all on the top of the intensity ranking in their reduction group. 

Scenario 3. Decreasing the toxic exposure of meals 

The goal for the scenario was to reduce toxic exposure of meals. The strategy was to reduce the amounts of 

raw materials with high toxic values, and to increase the amounts of other raw materials. Reduction was by 

15 % and the increase by a factor corresponding to the energy increase needed collectively to compensate 

for the energy decrease due to the reduction. 

The strategy was justified by the intensities of human exposure index (HEI). Thus, 12 raw materials were 

chosen for HEI reduction, including two fish raw materials, coffee, tea and salt, as well as mushrooms and 

six green salads and herbs, including spinach and lettuce. All selected raw materials were on the top of the 

HEI intensity ǊŀƴƪƛƴƎ ƛƴ ǘƘŜ άCƻƻŘǇƭŀǘŜέ ŘŀǘŀōŀǎŜΦ 
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3. Analysis of the basic meal set  

3.1. Energy and nutritional value  

One of the most important factors affecting the health, environment and possible intake of hazardous 

compounds is portion size. Large portions of food can contribute to excess energy intake and health 

problems, including greater obesity22. Excessively large portions of food can also increase the intake of 

harmful compounds. When eating two servings of the food, the amount of calories, nutrients, and toxic 

compounds also doubles. 

Excess energy intake also has an increasing environmental effect. Large portion sizes may lead to large 

quantities of food waste. Results of a Finnish food waste study, Foodspill 1, showed that one person 

produces an average of 23 kg of food waste annually. Households throw away a total of 120ς160 million 

kilos of edible food per ȅŜŀǊΦ ¢Ƙƛǎ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ŀōƻǳǘ ƻƴŜ ǇŜǊŎŜƴǘ ƻŦ CƛƴƭŀƴŘΩǎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ 

emissions23. 

Energy dense foods are high in fat and/or sugar. On the other hand, energy dilute foods are high in fibre 

and water, such as fruit, legumes, vegetables and whole grain cereals24. Most energy intensive foods in this 

study were based on the amount of consumption of French fries, potato crisps, pork, broad bean, rainbow 

trout, flavoured yogurt, rice, spelt, and beef. Both health-promoting items and nutritionally poor options 

were found among these choices. Therefore, it is possible to make healthy food choices and select low 

energy-dense foods of high nutritional value (Figure 3). Furthermore, the amount of food consumed is 

important. Oils and fats are the most energy intensive foods in a diet, but a low consumption increases the 

nutritional quality in the total diet. 

 

Figure 3. The amount of energy compared with nutritional value. Energy and nutritional values are expressed on a raw-material 
basis (100 g).  

The adverse dietary changes include shifts in the structure of the diet towards a higher energy density diet 

with a greater role for fat and added sugars in foods, greater saturated fat intake (mostly from animal 

sources), reduced intakes of complex carbohydrates and dietary fibre, and reduced fruit and vegetable 
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intakes25. The quantity and quality of fat in our diets can affect the development of several health 

conditions related to diabetes, including obesity, insulin resistance, and cardiovascular disease. Vegetable 

oil and soft margarine are healthier fat types than butter. Finnish and Nordic Nutrition Recommendations 

advocate reducing total fat and saturated fatty acids and increasing unsaturated fatty acids ƛƴ ŀ ǇŜǊǎƻƴΩǎ 

diet26. According to the recommendations, the total amount of fat intake should be a minimum of 2/3 

vegetable fat and a maximum of 1/3 animal fat. Daily energy intake should consist of 25 % to 35 % fat. The 

average Finnish diet includes more saturated fat and less unsaturated fat than recommended. In the 

άCƻƻŘǇƭŀǘŜέ ŀǇǇƭƛŎŀǘƛƻƴ, the selected fat quality changes the nutritional quality markedly. The use of animal 

fat is also seen as an increased environmental impact (Figure 4). 

 

Figure 4. Olive oil is a healthier choice than butter. Olive oil contains only 25 % saturated fat while butter is composed of 57.3 % 
saturated fat. Olive oil has no cholesterol, while butter contains 0.18 % cholesterol

20
. 

Trans fatty acids (also known as trans fats) are another group of fats that are harmful to health. Trans fatty 

acids are the sum of all unsaturated fatty acids that contain one or more isolated double bonds in a trans 

configuration. Functionally, these resemble saturated fats, but have been proven to be more harmful to 

cardiac health than saturated fats. Trans fatty acids in the diet originate from two sources. The first is from 

bacterial hydrogenation in the fore stomach of ruminants, which produces trans fatty acids that are found 

in beef fat, milk and butter. Trans fatty acids are also produced from the hydrogenation of liquid oils 

(mainly of vegetable origin). However, since the mid-1990s, many countries around the world have started 

to move away from using partially hydrogenated oils. This led to the production of new margarine varieties 

that contain less or no trans fat. Hardened vegetable fats, used in dairy cream substitutes, for example, and 

in baking margarines and vegetable fat ice cream, may contain trans fatty acids27. 

The recommended intake level of salt is 5 g/day, according to the Finnish Nutrition Recommendations, 

while according to the Nordic recommendations it is a little higher, 6 g/day. Sodium plays an essential role 

in the transmission of nerve impulses, and the regulation of osmotic pressure in the body. Sodium is also 

required for muscle function. Consuming too much salt is associated with adverse health effects and 

chronic diseases28. If consumers have to choose between two meals, comparing the amount of salt helps 

them to select the healthier option. The most important dietary sources of salt are bread, cheese, sausages 

and other meat products, soups and sauces, and prepared and semi-prepared foods. Excessive salt use is 

seen in ǘƘŜ άCƻƻŘǿŜōέ application immediately as reduced nutritional value (Figure 5). 
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Figure 5. Excess sodium intake reduces the nutritional value of basic meals. The salt content of meals can be calculated 
multiplying sodium content by 2.5. Sodium content and nutritional quality are expressed on a whole meal basis. 

 

Most countries recommend a limited sugar intake. Reduced consumption of beverages and foods with 

added sugar is especially recommended. According to the Finnish Nutrition Recommendations, less than 

10 % of energy intake should be derived from sugar. In addition, Nordic recommendations also favour 

selecting foods that are low in sugar, and eating refined sugar sparingly, and limiting the frequency of 

intake of sugary drinks and sweets. High consumption of beverages with added sugars is linked to an 

increased risk of type-2 diabetes and excess weight gain26. Excess sugar intake is shown in the άCƻƻŘǇƭŀǘŜέ 

application as an increased energy value. 

Plant foods such as vegetables, fruits and berries, nuts and seeds, and whole grain cereals are a 

fundamental part of a healthy diet. They are rich in dietary fibre and include plenty of protective nutrients 

like vitamins, minerals and antioxidants. The new Finnish Nutrition Recommendations (published 2014) 

recommend the consumption of vegetables, berries and fruits be increased to half a kilo per day instead of 

the 400 g recommended earlier (2005) and as in the Nordic Nutrition Recommendations29. Finns eat a 

variety of fruits and vegetables, but insufficient amounts according to the dietary recommendations. 

However, the consumption of fruits and vegetables has increased markedly during recent years. According 

to the National FINDIET 2012 Survey, the daily intake of fruits, vegetables, berries and legumes was, on 

average, over 400 g among women and slightly less than 400 g among men30. According to the Agricultural 

Statistics for the total consumption of fruits and vegetables per person, the share of citrus fruits was 11 %, 

other fresh fruits 32 %, fruit preserves and dried fruit 6 %, and fresh vegetables 51 %33. Lowering the food-

based energy density by increasing fruit and/or vegetable intake is associated with significant weight loss. 

Furthermore, there is strong scientific evidence that natural fibre-rich plant foods contribute to a decreased 

risk of diseases such as hypertension, cardiovascular diseases, type-2 diabetes, and some forms of 

cancer26,31. 
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According to the Finnish Nutrition Recommendations, women should get at least 25 g and men 35 g of fibre 

a day. Finns get too little fibre from the food they eat, on average only 21 g per day. Grain products, 

especially rye bread, are the most common sources of fibre for Finns. Soluble fibre reduces the cholesterol 

level in blood, contributes to a healthy digestive system, balances blood sugar, and helps to control weight. 

Fibre, when regularly eaten, reduces the risk of coronary artery disease and diabetes mellitus type 2. 

Nutrient fibre also has some cancer-preventing qualities32. Adding ingredients high in dietary fibre to meals 

is seen as increased nutritional value in the άCƻƻŘǇƭŀǘŜέ ŀǇǇƭƛŎŀǘƛƻƴ όFigure 6). 

 

Figure 6. Fibre-rich meals contribute to increased nutritional value of basic meals. Fibre content and nutritional quality are 
expressed on a whole meal basis. 

 

Foods such as meat, dairy, and eggs provide important protein and minerals in the diet. Because meat and 

dairy are also major contributors of saturated fatty acids, high-fat products should be exchanged for low-fat 

dairy and low-fat meat alternatives according to the Finnish Nutrition Recommendations of 2007. In the 

new 2014 recommendations, reducing meat consumption is recommended. Finns eat almost 1.5 kg meat a 

week33 and that amount is triple the recommendations of the World Cancer Research Fund and the 

American Institute for Cancer Research. The recommendation to people who eat red meat is to consume 

less than 500 g a week, and very little if any of it should be processed. Those recommendations stated that 

meat can be a valuable source of nutrients, in particular protein, iron, zinc, and vitamin B12. The panel 

emphasised that the overall recommendation is not for diets containing no meat or diets containing no 

foods of animal origin. The public health goal was for the population average consumption of red meat to 

be no more than 300 g a week, and, again, very little if any of it processed34. The consumption of red meats 

(beef, pork and mutton) and especially that of processed meat (such as ham, bacon, sausages, hamburgers, 

salami, corned beef and canned meat) should be reduced according to the new National 2014 

recommendations29. High consumption of processed meat increases the risk of colorectal cancer, type-2 

diabetes, obesity, and coronary heart disease. Similar, but weaker, associations have been recorded for red 

meat. Replacing processed and red meat with vegetarian alternatives (such as pulses), fish, or poultry 

reduces the risk of diseases29. In the άCƻƻŘplateέ ŀǇǇƭƛŎŀǘƛƻƴ, comparing different meals shows that an 
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increased amount of saturated fatty acid decreases the nutritional value (Figure 7). Also the use of 

processed meat is seen as a decreased nutritional value (Figure 8).  

 

Figure 7. The nutritional quality of analysed basic meals decreased as the amount of saturated fatty acids increased. The values 
are expressed on a whole meal basis. 

 

 

Figure 8. Limited processed meat consumption will improve the nutritional quality of a meal. 

Milk and dairy products play a key role in the Finnish diet. Milk is an important source of protein, calcium, 

nutrients and many vitamins. In the past ten years milk consumption has dropped by 25 litres per capita. 

During recent years the decline has been 1ς2 % annually, but consumption of cheese, yoghurt and ice-

cream has increased. Cheese consumption was just over 23 kilos per capita in 2013. Per capita consumption 

of liquid dairy products totalled 180 kilos in 2013. Average per capita milk consumption in Finland in 2013 

was slightly over 129 litres. About half of this was low-fat milk, 40 % skimmed milk and 10 % whole milk33. 

Finnish nutrition recommendations favour low-fat dairy products. Skimmed milk, low-fat sour milk and 

water are recommended drinks with meals. Milk and milk products are main sources of calcium. High 

consumption of low-fat milk products has been associated with reduced risk of hypertension, stroke, and 
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type-2 diabetes. In Finland, margarines were fortified with vitamins A and D since the 1950s, but this 

procedure had too little impact on vitamin D intake. Finland began to fortify milk with vitamin D in 2003. 

Fortifying milk has been an effective way of increasing the population's vitamin D levels18. In the 

άCƻƻŘǇƭŀǘŜέ ƳƻŘŜƭ ǘƘŜ ǳǎŜ ƻŦ Ƴƛƭƪ ŀǎ a drink with a meal increased the nutritional quality. It is also possible 

to select soy or an oat drink in the application as a recommended vegan or lactose-free alternative to dairy 

milk (Figure 9). 

 

Figure 9. Skimmed milk and unsweetened soy milk are of similar nutritional quality. However, the environmental impacts of 
dairy products are higher. 

 

Fish is a recommended food, and consumption of fish should be increased. Fish fat includes numerous long 

and chained fatty acids with various double bonds, i.e. omega 3 fatty acids, which are not found in other 

foods. Fish also contains several vitamins and minerals and a lot of protein. Fish is an especially good source 

of vitamin D (Figure 10). The useful fatty acids contained in fish have been shown to reduce the risk of 

cardiovascular diseases and to benefit foetal development26.  

 

Figure 10. Vitamin D content contributed to the increased fatty acids (n-3) value of basic meals. Fish was the main source of 
vitamin D and omega 3 fatty acids in basic meals. Fortified milk was also a valuable source of vitamin D. Plant oils are a good 
source of omega 3 fatty acids. The values are expressed on a whole meal basis. 
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In Finland, it is recommended to eat fish at least twice a week and to vary fish species in the diet. There is a 

special recommendation regarding fish consumption because contamination from the Baltic Sea is a 

problematic issue. Pregnant women in particular are advised to avoid certain fish species, such as pike, and 

to limit the consumption of large Baltic Sea herring and salmon due to the concentrations of potentially 

toxic chemical compounds in them35. There are no consistent differences between wild and farmed fish in 

terms of safety and nutritional value, except for Baltic salmon, according to the EFSA. Frequent consumers 

of fatty fish coming from the Baltic Sea, i.e. Baltic herring and wild Baltic salmon, are more likely to exceed 

the PTWI (provisional tolerable weekly intake) for dioxins and dioxin-like PCBs than other consumers of 

fatty fish. On average, Baltic herring and wild Baltic salmon are respectively 3.5 and 5 times more 

contaminated with dioxin and dioxin-like PCBs when compared with non-Baltic herring and farmed 

salmon36. 

In the άCƻƻŘǇƭŀǘŜέ ŀǇǇƭƛŎŀǘƛƻƴ ǘƘŜ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƻŦ ŦƛǎƘΣ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜ ŦƛǎƘ ŎŀǳƎƘǘ ŦǊƻƳ ǘƘŜ .ŀƭǘƛŎ {ŜŀΣ ǘƘŜ 

levels of dioxins, PCB compounds and methyl mercury accumulated result in a high toxic exposure value. 

On the other hand, the nutritional value of fish dishes is better than for meat-containing meals (Figure 11). 

Of the selected fish, salmon and rainbow trout have a lower toxic value because these farmed fish are less 

contaminated than those caught from the wild. Taking into account the current recommendations, it is 

possible to achieve the nutritional benefits and limit the toxic exposure. 

 

Figure 11. The health benefits of fish are seen in better nutritional value. The same basic meal provides different nutritional 
values depending on whether the protein source is fish or meat. 

 

Using the άCƻƻŘǇƭŀǘŜέ web application, it is possible to select nutritionally balanced meals. Although the 

application is not very sensitive to changes in nutritional value, it gives a good base from which to design 

healthy meals based on the Finnish or Nordic Nutrit ion Recommendations. Saturated fatty acids and the 

amount of salt and sugar used affect the nutritional quality of meals the most. These factors are also 

associated with adverse health effects according to nutritional recommendations. In addition, an emphasis 

on ample intake of fibre-rich foods like fruits and vegetables and whole grain cereals, frequent 

consumption of fish, and sufficient share of unsaturated fats are highly recommended and are shown in the 

άCƻƻŘǇƭŀǘŜέ ŀǇǇƭƛŎŀǘƛƻƴ as an increased nutritional value. 

  






































































