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1. Introduction

Food production and consumptioare major contributoss to anthropogenic greenhouse gas emissions
which are the major cause of climate change The environmental and ecological impacts of food
production arebecoming more important for consumers whemaking dietary choice€onsumers want to
learn more abouthe environmental aspectsf food production and consumptigrbut understandingthe
information related to food, health, nutrition, and food safety is difficult and making good food choices
represents a challenge

On a global basis thagriculture sectolis one of the biggest contributors to climate change and fiod
associated withl9¢29% of greenhouse gas emissidindccording to FAQ 2014 reporf, emissions from
agriculture, forestry and fisheries have nearly doubled over the past fifty years and ootdadseby an

additional 30% by 2050unlessgreater effortsare madeto reduce them. Accordingp the report, the
greenhouse gas intensity valuesthe 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 fo¥36f landuse globally and 7% of all
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than doestransportatiort.

In Finland the food chain is responsible for a significant amount of greenhouse gas emissinsf all

carbon dioxide emissions, 48 of methane emissions, 30 of nitrous oxide emissions, %2 of
perfluorocarbon gas emissions and %of ammonia emissions. The food chain is therefore estimated to
contribute 14> (G2 CAYf |l YRQ& andyellsidg the2uich Platel appranéh singl&lunch

portion was estimated to contribute@2> 2 F | (@ LA OIf CAYYyAaK 02y adzy SN
hyS RI&Q& T22R 02y adza@EA2y D2 a2 Ra Hz0OROZ G inpachd MR A

Eutrophication, nutrient pollution in water, is a global problem timts grown exponentiallyduring the

past 50 years. According to the European Environment Agency, the main source of nitrogen pollutants is
run-off from agricultural land, whereamost phosphorus pollution comes from households and inddstry

In Finland most of the nitrogen and phosphate load in the Baltic Sea is caused by primary production.
Eutrophicationmainly results fromanimal feed productionwhich occupiesmore than halfof the arable

land area in the Baltic Sea regignparticular problenrelated toincreasingsensitivity ofthe Baltic Sea to
eutrophication is a tendency for the development of toxic cyanobacteria blooms, which can have effects on
the entire food chaif’.

In addition to eutrophicationthe Baltic Sedas also been exposed to extensive use of chemicals from the
very beginning of the industrialization erand it has oneof the longest histories ofontamination in the
world™. For these reasonshe Baltic Sea has been referred as one of thes 2 NIm@sR golluted seas.
Emissions of hazardow®mpounds originate froma variety of sourcesincludingindustries, households,
agricultureand various additionadiffuse sources. Long term emissions from congtoumcmaterials and
consumer products withan extremely long life cycle, have been noticed recently. From these sources,
hazardouscompound are dischargethto the aquatic environment via different pathwagsich asurban
runoff, treated effluentsand atmospheric depositiof® al y& at S3F 0&é¢ O2y il YAY | yi
environment due to theirsubstantialhistorical use and extreme persistence (e.g. Weber et al. 208
Once generated, they can persist soils, sediments and waste depositories for periods extending from
decades to centuries. Transport mechanissuch as discharge amyaporation from land areas as well as



transport from contaminated soils and sedimentssult in long residence times foge entering the Baltic
food chain.

Food choice can dramatically reduce greenhouse gas emidsiodsnutrient load of the BaltiSea.
dimate-friendly eating feduction in meat and dairy consumptiam favour ofvegetablesfruit 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 %0reduction in nibgen emissions, 280% reduction in
greenhouse gas emissions and%3per capitaeduceduse of cropland for food production. In addition,

the dietary changes would also lower health rik$n Finlandthe agricultural nutrient load could be
reducedby 7 % by changing eating habitswardsa healthier direction simply by following the official food
recommendation¥’. According to Korkala et al. 4% increasing awareness of climate change could lead

to increased consumption of climaféendly food, reduction in greenhouse gas emissions, and thus climate
change mitigation.
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public awareness about the links between food quality and its grigicusing on the Baltic Sea and its
surrounding. The cultivation of food for humans aiitd related production activities might cause negative
impactson the Baltic Sea. In additiomguatic 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 &zdtistem®.

One of the main goals of the FOODWEMNR 2SO0 ¢l a (2 LINPRdzOS I 6So
(http://foodweb.ut.ee/foodplate/) to aid estimaton of food (i.e. lunch) choices while getting feedback on
energy content, nutritional quality, environmeaitimpacts and possible contaminant exposure. Theigaim

to compile an ideal lunch plate withe right energy content and nutritional kence, low environmental
impactandlow human exposure to contaminants.

The goal of this study was to test the effe@iy S & & 2 Fplatesk SI LAIOR2R Rl ( A ZpglecRoyf O2 Y 2
of healthy and environmentallyriendly meals. The basic meal set was generated according to Finnish
consumption statistics and nutritional, environmental and tayiczalues of the meals were calated

usingthed C2 2 RLI I 1S¢ | LILX AOIF GA2Yy ® dthe SteratliBe ATt objéctivesSvBi®& S O |
to improvefurtheri KS ydzi NAGA2YFf YR SY@ANRYYSyGlrft ljdzZ fAde@
healthy and sustainable meal comments. Three different scenarios were developed to study how slight
changes in the raw material compositioosmealsaffect the nutritional quality, environmental impact and

toxic exposure.



2. Materials and methods

We used the data and the assessment n&f a 2 7F 0dKS 5S0 I LILX A Ol
(http:/ffoodweb.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 thoodplaté€ database, so that each meakasdistinct.

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 wht extent, when seekig improvements in these goal properties of their diets. Other
environmental and economic properties of the diets, such as food expenditatieother environmental

impacts etc. were not considered.

We analysed dependenciegsnongnutritional quality, enviromental impacts and toxic exposure in the
basic meal set, and produced estimates on how relativailyht modifications in the raw material
compositions would affect the level of the three goal properties in the basic meal set. To generate the
estimates weemployeda 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 tteev material compositions of the basic meals was developed
based on the dependenciesstablishedamongthe goal properties within the basic set, as well as the
intensities of raw materials to increase each property calculated from the raw material datheof
GC22RLI I GS¢ Y2RSt ® 9 OK &ialieiss tHad they todld b Bakily appliéiSo I y R
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
compoundswere evaluated based othe literature. In thispart 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 forchethg food production and processing,
were not assesed, norwere the residues of plant protection agents, which were excluded due to
insufficient information.



2.1. Basic meal set

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

two weeks percapitaconsumptian for the raw materials computed from the Finnish agricultural statistics

for 2002 and 201, as well as from the results of a study on food consumption in 200fe consumption

RFGF F2NJ Hnnu YR Hamm 6SNB 0 a Sheet oyfood dofhrodities, I I NA
consumption of food commaodities per capita, 1¢2013, and the data for 2007 on The National FINDIET
Surveys conducted by The National Institute for Health and Welfare (THL). The recipes for thmadady

meals (Appendix ) were written by The Martha Organisation (Marta) H 1Mo = LJdzof A 8 KSR
SYGANRYYSyYy(d 2y " LI I GGSND o NROKdJzNB

These recipes, which are also the basis of the réadlyRS YSI f a4 Ay (GKS aC22RLI I (S
one third of the daily energy andutrients needs given in the Finnish Nutrition Recommendations of
2005 taking into account the intake of energy, and fatq@8 %), protein (1620 %) and carbohydrates

(4560 %) in relation to the total energy intake of the meal. Thus, each meal repses@nmitritional whole.

Accordingly, we composed three meals for each day in eachwieak 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 didy energy requirement of an average 35 year old woman witlodyweight of 63

kg anda medium level of activity. Harmonisation washievedby changing all raw materials of each meal
relatively equally so that the energpntentremained constant aabout 3067 kJper meal (732 cal/meal).

The data were analysagsingStatistica StatSoft software.

2.2. Methods and data for OEA O&I1 1T APl AOA6 xAA ADPDPI EAAQEI
The environmental impact, contaminant exposure and nutritional quality of different food plates were
examined usinghea C2 2 RLJ | 1S¢ 6S06 LI AOFGA2yd® ¢KS dzasS | yR
described in the background paper: Web applicatiol€ 2 2 R¢X 2 4 Sti2 YI 1S NBIPa2y|l of
which providesan overview of the data and methods used in the tool. In the following we disattber

the overview for the essential methods and data used to compute the energy intake, nutritional guality
SYGANRYYSyGlt AYLIOG YR G2EAO SELRAaAdINBST 6KAOK | N

Energy intake values are based on Finnish Nutrition Recommendations '2@G0f they follow the
recommendations for the Nordic countrieShe total energyf the food items selectedor 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 datafrom Fineli & Finnish Food Composition
Database maintained ke National Institute for Health and Wfare®®. The database consists of over 3700
foods and 55 nutrient factors. Nutrient values are average concentraiioRinnish foods.
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guality. The metbd 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 I min), recommended minimum intaké; (in), recommended maximum intaké (ay, and
absolute maximum intakd{may. ThedFoodplaté€ model includes these data for every nutrient for various
consumer groups. The data were collected mainly from the Finnish food recommendations (2005), and
supplementel with data from the literature and experts, accordingly. In the case that a nutrient was given
only as the recommended maximum intakk{a) in the literature, then zero was assignéar the
recommended minimum intakd,(min), and the absolute minimunmtake (5 min) Was set to1. Intake scores

are then computed so that when total intake of a nutriehtié 1) lower thar, minthen the intake score is

zero, 2) betweery minand I min then the score isl(- lamin)/( r,min - lamin), 3) between; min and Iy maxthen

the score is 1, and 4) betwedfmax and la maxthen the score islf max- 1)/( lamax§ Irmay, @and 5) greater

than I, maxthen the score is zerd-igurel shows the intake score functions for sodium anddibs an
example.
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Figurel. Intake score functions for saturated fatty acids afitire.

In the second phaseveighted intake scorefor 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
YdzZiNRARGA2Y T ljdzZ tAGe@® Ly GKS o-speciticebitants)i®dihe SABeR@t G K €
all meals and consumer groups. Weights given for the nutrients are showgure2.
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Environmental impactindicates the impact of food production on the environment. The value is
normalised and calculated asthe weighted average of three factors (weighting in pahases): C©®
equivalent (carbon footprint) (6%), eutrophication impact (R@quivalent) on the Baltic Sea (28 and

crop protection agents (CPA) (MC&juivalent) applied by farming (24). C@eq and PQeq values per kg

of food raw material are fromQA (lifecycle analysis) calculations made by MTT Agrifood Research Finland.
Normalgation values used are 0.986 kg ¢3£9)), 11.35 g (P£eq) and 0.4847 kg (MCRy), and are
produced by The Finnish Environment Institute (SYKE).

MCPAeq values were calculed with characteiation factors derived fronthe environmental impact
assessment model USEWX. L y ! { 9 (i @mpoandspekif@characterisation factorepresents the
compounds potency to induce potential ecotoxic damaga aquatic organismsThe usage data for crop
protection agents (CPA) ase obtained from ProAgria Agricultural Plot Database (Pro Agria
Lohkotietopankkideveloped bythe Association of ProAgria Centrédsach CPA used was converted to kg
MCPA, the most commonly used crop protectagent, using theequation:

For active ingredienX, MCPAequivalent= c(X) / c(MCPA)

Where ¢(X) is the ecotoxic value (USEfprf ingredient X and c(MCPA) that of MCPA, respectively.



Toxic exposuredata were collected from European Food Safety Authoff*SA) data and national
contaminant data sources difie Finnish Food Safety AuthorifVIRA The data indicate whether, and at
which level, the food plate or individual food items contain certain contaminants. Contaminants taken into
account in the caulation are dioxins, polychlorinated biphenyls, furans, benzo(a)pyrene, acrylamide,
mercury, cadmium, lead, arsenic, organotins, perfluorooctanpheulate (PFOS), perfluorooctanoic acid
(PFOA), nitrates and the toxins aflatoxin, ochréodeoxynivalenicand T2HT2.

We used the method of théFoodplat€ model to compute the toxic exposure indicator. The method
comprisestwo phases. In the first phase, concentrations of contaminants in each food raw material are
converted into body weight (BW) units (k§Vikg raw material) by dividing therhy 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 multipliml\lo's, where N is the count of cwaminants

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

of the contaminantsby 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.



2.3. Improvement scenarios

With the help of scenariosve 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 foothe enerdes of the meals. Hence,
three scenarios were developed, each for a different spegdal, as described below.

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

The goal for this scenario was to reduce the carbon footprints adlsneélhe 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 wa%oby 15
and the increase by factor corresponding to the energy increase needed collectively to compensate for
the energy decreaseesulting fromthe reduction.

The strategy was justified by the €€ intensities. In théfFoodplaté€ database the average intensity was
0.78 g CQeq/kJ for protein and milk protein raw materials of the basic meal set, and for vegetables,
carbohydrate raw materials and fish 0.16 g,@€QkJ, respectively.

Scenario 2Increasinghe 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 materiald&eduction was b5 % 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 prodects we
chosen for saturated fatty acid reduction, salt and four soditontaining raw materials for sodium
reduction, and sugar and five sugawntaining raw materials for sugar reduction. The selected products
were all on the top of the intensitsanking in heir reduction group.

Scenario 3. Decreadinthe 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 valseand to increase the amounts of otheaw materialsReduction 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 inde¥. (Hilis, 12 raw materials were
chosen for HEI reductioimcluding two fish raw materials, coffee, tea agalt, as well amushroomsand

six green salads and herbs, including spinach and lettuce. All selected raw materials were on thibdop of
HElintesityNI y {1 Ay 3 Ay (GKS aC22RLI (iS¢ RIFIGlFIolasSo



3. Analysis of the basic meal set

3.1. Energy and nutritional value

One of the most important factsraffecting the health, environment and possible intake of hazardous
compoundsis portion size Large portions of foodtan contribute to excess energy intake and health
problems includinggreater obesit{”. Excessively largportions of food can also increase the intake of
harmful compounds When ating two servings of the food, the amount of calories, nutrients, and toxic
compoundsalso doubls.

Excess energy intake albas anincreasing environmental effect.argeportion sizes may lead to large
guantities of food waste. Results of a Finnish food waste st&dwpdspill 1 showed that one person
produces an average of X3 of food waste annualljHouseholds throw away a total of 12060 million

kilos of edible food per@ SI NX» ¢ KA & O2NNBalLlRyRa (2 | o62dzi 2yS
emission&’.

Energy dense fais are high in fat and/or sugar. On the other haadergy dilute foods are high in fibre
and water such as fruit, legumes, vegetables and whole grain céfed®st energy intensive foods in this
studywere based on the amount of consumptiarf French fries, potato Gsps, pork, broad bean, rainbow
trout, flavoured yogurt, rice, spelt, and bedoth healthpromoting items and nutritionally poor options
were found among these choiceTherefore,it is possible to make healthy food choices and select low
energydense foodsof high nutritional value Kigure 3). Furthermore, he amount of food consumed is
important. Oils and fats are the most energy intensive foods in a diet, but a low consunmtieaseghe
nutritional quality in the total diet.

Energy value (cal) versus nutritional value
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Figure3. The anount of energy comparedvith nutritional value. Energy and nutritional valueare expressed oma raw-material
basis(100 g)

The adverse dietary changes include shiftthe 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 reducedrfduivegetable



intake$®. The quantity and quality of fatin 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 hehler fat types than butterFinnishand NordicNutrition Recommendatios
advocatereducingtotal fat and séurated fatty acids and increasingnsaturated fatty acidd y | LIS NE& 2
diet®®. According to the recommendations, the total amount of fiatake should be a minimum of 2/3
vegetable fat and a maximum of 1/3 animal fat. Daily energy intake should consistet@35% fat. The

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

G C2 2 RLIX I G S, the seleiditstl fat@ualityicBayigéhe nutritional quality markdly. The use of animal

fat is also seen amnincreased environmental impadtigure4).

Figure4. Olive oil is a healthier choice than butter. Olive oil contains only®5saturated fat while butter is composed of 5798
saturated fat. Olive oil hasio cholesterol, while butter contains 0.18 cholesterd!’.

Trans fatty acids (also known as transfatre 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 pitavbe 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 forestomach of ruminants, which produces trans fatty acids that are found

in beef fat, mik and butter. Trans fatty acids are also produced from the hydrogenation of liquid oils
(mainly of vegetable origin). However, since the 1890s, many countries around the world have started

to move away from using partially hydrogenated oils. This d¢etth¢ production of new margarine varieties

that contain less or no trans fat. Hardened vegetable fats, used in dairy cream subsfiut@sample.and

in baking margarines and vegetable fat @eam, may contain trans fatty acfds

The recommendedntake level of saltis 5 g/day, accordingp the Finnish Nutrition Recommendatigns
while according tathe Nordic recommendationt is a little higher, 6 g/day. Sodium plays an essential role
in the transmission of nerve impulses, and the regulatiomsrhotic pressurén the body Sodium is also
required for muscle function. Consuming too much salt is associated with adverse health effects and
chronic diseaséd If consumes have to choose betweetwo meals, comparing the amount of salt helps
them to sdectthe healthieroption. The most important dietary sources of salt are bread, cheese, sausages
and other meat products, soups and sauces, and prepared andmepared foods. Excessive salt use is
seenini KS & C 2agpkcatiSroimimediately as redudenutritional value Figures).



Sodium (mg) content versus nutritonal quality
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Figure 5. Excess sodium intake reduséhe nutritional value of basic meals The saltcontent of meals can be calculated
multiplying sodium content by 2.5Sodium contentand nutritional quality are expressed o whole meal bass.

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

added sugaiis especially recommendediccording tathe Finnish NutritionrRecommendationdess than

10% of energy intake should be derived from sugar. In additdordic recommendationslso favour

selecting foods that are low in sugar, and iagtrefined sugar spéngly, and limiting the frequency of

intake of sugary drinks and sweets. High consumption of beverages with added sugars is lirked to
increased risk of typ@ diabetes and excess weight (fdirExcess sugar intake is showttied C2 2 RLJ | (4 S
application asmnincreased energy value.

Plant foods such asegetables fruits and berries, nuts and seeds, and whotgain cerealsare a
fundamental part of a healthy diet. They are rich in dietary fibre and include plenty of protective nutrients
like vitamins, minerals and antioxides. The new Finnish NutritioRecommendations (published 2014)
recommend the consumption afegetables, berries and fruitde increased to half a kilo petay instead of

the 400 g recommended earlier (2005) aras in the Nordic Nutrition Recommendation®. Finrs eat a
variety of fruits and vegetables, buhsufficient amountsaccording to the dietary recomendatiors.
However, the consumption of fruits and vegetables has increasedadgrkuringrecentyears. According

to the National FINDIET 2012 Survey, the daily intake of fruits, vegetables, berries and legun@s was
averageover 400 g among women arstightly less than 400 g among niérccording tathe Agricultural
Statisticsfor the total consunption of fruits and vegetables per persptihe share of citrus fruits wakl %,

other fresh fruits 324, fruit preserves and dried fruit¥%, and fresh vegables 5196, Loweringthe food-
based energy density by increasing fruit and/or vegetable intake is associated with significant weight loss.
Furthermore, here is strong scientific evidence that natural fisreh plant foods contribute to a decreased
risk of diseases such as hypertension, cardiovascular diseases? tgjadetes, and some forms of
cancef®*,



According to thé=innish Nutrition Bcommendations, women should gat least 25 g and men 35agjfibre

a day. Fina get too little fibre from the food theyeat, on average onl21l gper day. Grain products,
especially rye bread, are the most common sources of fibre forsFBwluble fibre reduces the cholesterol
level in blood, contributes ta healthydigestive system, balances blood sugard helps to control weight.
Fibre, when regularly eaten, redusethe risk of coronary artery disease and diabetes mellitus type 2.
Nutrient fibre also has some canegreventing qualitie¥. Adding ingredients high in dietary fibre to meals
is seen as increased nutritional valughe ¢ C2LZ R (G S¢ | Higuiesg OF GA2Yy O

Fibre content (g) versus nutritional quality
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Figure 6. Fibrerich meals contribute to increased nutritional valuef basic meals Fibre content and nutritional quality are
expressed orawhole meal bass.

Foods such ameat, dairy, and eggprovideimportant protein and minerals in the diet. Because meat and
dairy are also major contributors of saturated fatty acids, Hajtproducts should be exchanged for |efat

dairy and lowfat meat alternatives according tihe Finnish Nutrition Bcommendationsof 2007. Inthe

new 2014 recommendationseducingmeat consumptionis recommendedFinrs eat almost 1.%kg meata

week® and that amaint 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 50@ a weekandvery little if anyof it should beprocessed. loserecommendations 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 amal orign. The public healthaal was forthe population average consumption oéd meat to

be no more than 30§ a weekand, againyery little if any ofit processed. The consumption of red meats
(beef, pork andnutton) and especially that of processed m¢sitich as ham, bacon, sausages, hamburgers
salami, corned beef and cannecheat) should be reduced according the new National 2014
recommendation®. High consumption of processed meat increases the risk of colorectal cancef type
diabetes, obesity, and coronary heart disease. Similar, but weaker, associations havedwrdadfor red

meat. Replacing processed and red meat with vegetarianmrateves (such as pulses), fish, or poultry
reduces the rislof disease¥. Inthe & C 2patBE | LILJ doi©daring difiérent meals shows than



increased amount of saturated fatty acid decreases the nutritional vahigu(e 7). Also the use of
processed meat is seen aslecreased nutritionavalue Cigures).

Fatty acids saturated (g) versus nutritional quality

Nutritional quality = 0,9281-0,0239*x; 0,95 Pred.Int.
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Figure7. The nutritional quality of analysedbasicmeals decreased as the amount of saturated fatigids increasedThe values
are expressed omawhole meal bass.
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Figure8. Limited processed meat consumption will improve the nutritional quality @fmeal.

Milk and dairy productsplay a key role in the Finnish diet. Milkais important source of protein, calcium,
nutrients and many vitamins. In the past ten years milk consumption has dropped ldye2%per capita.
Duringrecent years the decline has beerxA% annually but consumption of cheese, yoghurt and-ice
cream hasncreased. Cheese consumption was just over 23 kilos per ¢a@@3 Per capita cnsumption

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 wew-fat milk, 40% skimmed milk and 1% whole mil&.

Finnish nutrition recommendations favour lefat dairy products. Skimmed milk, lefat sou milk and

water are recommended drinks with meals. Milk and milk products are main s®ofcealcium. High
consumption of lowfat milk products has been associated with reduced risk of hypertension, stroke, and



type-2 diabetes. In Finlandnargarineswere 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 dsfevn the
GC22RLI I G§S¢ Y2 R SfdrinkivithS meakirreadsdrthe Yivkritiohal duality. It is also possible

to select soy oanoat drink inthe application asarecommendedvegan or lactosdree alternative to dairy

milk (Figure9).
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Figure9. Skimmed milk and unsweetened soy milice of similar nutritional quality. However, the environmental impastof
dairy products are higher.

Fishisarecommended food, and consumption of fish should be increased. Fish fat includesouslong

and chaine fatty acids with various double bonds, i.e. omega Byfatids, which are not found in other
foods. Fistalsocontains several vitamins and minerals and a lot of protésh is & especiallygood source

of vitamin D Figure10). The useful fatty acids contained in fish have been shown to reduce the risk of
cardiovascular diseases atulbeneft foetal developmenrt’.

Vitamin D content (ug) versus N-3 fatty acids

fatty acids (n-3) (g) = 0,5672+0,1382*x; 0,95 Pred.Int.
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Figure 10. Vitamin D content contributed to the increased fatty acids {8) value ofbasicmeals Fish was the main source of
vitamin D and omega 3 fatty acids inasicmeals. Fortified milk was also a valuable source of vitamin D. Plant aitsa good
source of omega 3 fay acids.The values are expressed @whole meal bass.



In Finlandit is re@emmended to eafish at least twice a week and to vary fish species in the diet. Thexe is
special recommendation regarding fish consumptieecausecontamination from the Baltic Sea is a
problematic issuePregnant womernin particular areadvised to aval certain fish speciesuch agpike, and

to limit the consumption of large Baltic Sea herring and salmon due to the concentrations of potentially
toxic chemical compounds in thé®. There are no consistent differences between wild and farmed fish in
terms of safety and nutritional value, excefar Baltic salmon, according the EFSA. Frequent consumers

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

the PTWI (provisional tolerable weekly intake) for dioxins and diikenPCBs than other consumers of
fatty fish. On average, Baltic herring and wild Baltic salmon are respectively 3.5 and 5 times more
contaminated with dioxinand dioxinlike PCBswvhen comparedwith non-Baltic herring and farmed
salmon®,

Inthed C22 RLX I GSé | LILX AOFGA2Y GKS O2y Gl YAYyLGA2Y 2F F
levels of dioxins, PCB compounds and methyl mercury accumulagati in a high toxic exposure value.

On the other hand, the nutritional value of fish dishes is better tfmmmeat-containing mealsKigurell).

Of the selected fish, salmon and rainbow trduaivea lowertoxic valuebecause these farmed fish are less
contaminated than those caught from the wild. Taking into account the current recommendatidss

possible to achieve the nutritional benefits andilithe toxic exposure.

Environmental | Toxic exposure
impact
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Figure1l. 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.

‘ma

Usingthe ¢C 2 2 R Liiveb gfli€ation it is possible to select nutritionally balanced meals. Although the
application is not very sensitive to changesutritional value, it gives a good baf®m whichto design
healthy meals basedrothe Finnish or Nordic Mrition Recommendations. Saturated fatty acids and the
amount of salt and sugar used affect the nutritional quality of meéhés most These factors are also
associated with adverse health effeetscording tonutritional recommendations. In addition, an emdist

on ample intake of fibreich foods like fruits and vegetables and whole grain cereals, frequent
consumption of fish, and sufficient share of unsaturated fats are highly recommended and areistibe/n

G C22RLIX I G S ésanlintdafed iritiodl 2aifie.









































































































