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Sustainable nutrition (SN) considers the environmental impact of food production. This study aims to analyse the 
relationship between nutrient density and water footprint (WF) of the most consumed food items in Hungary and to 
create a classifi cation of nutrients. Based on a comprehensive analysis of literature and diff erent data sources, the 
authors analysed the stochastic relationship between WF and nutrient density of diff erent food items by Spearman’s 
rank correlation. The analysis proved signifi cant (P<0.05) relationship between nutrient density and WF of the most 
relevant food items in Hungary. Based on the classifi cation, there are nutrients that are overconsumed among the 
Hungarian population and positively correlate with WF (e.g., cholesterol) and there are nutrients that are under-
consumed among the Hungarian population and negatively correlate with WF (e.g., dietary fi bres). In general, it can 
be concluded that the re-structuration of food consumption patterns in Hungary is an important and urgent task, 
which serves both the public health and ecologic goals. These eff orts should be based on a complex evaluation of the 
problem. This study was one initial step to analyse SN focused on Hungary and further studies are defi nitely needed.
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Sustainable nutrition (SN) is a holistic approach that aims to create sustainable food security 
around the globe. SN includes a specifi c slice that considers the environmental burden of the 
food system. Despite intensive research on this topic, there is a gap of scientifi c publication 
from Central Eastern Europe according to systematic reviews on studies of SN (J  et al., 
2016; H  et al., 2018). There is an urgent need to make a change in the recent food 
system to which SN can contribute. Developed, industrial countries hold the responsibility to 
act in order to reduce the ecological footprint of their food production (B , 2009).

Nowadays, there is a growing attention on the ecological footprint of food items. The 
main environmental impact categories (EIC) are (1) Climate: greenhouse gas emission 
(GHGE), (2) Use of natural resources: land use, water use, and total resource use, (3) 
Emission of chemicals (S, N, and P), (4) Biodiversity (H  et al., 2018). Previous 
studies have calculated correlation between nutrient density (nutritional value/food or diet) 
and GHGE (CO2 eq./food or diet) of food items or diets. Several studies have found signifi cant 
correlation between nutrient density and GHGE of food items or diets (V  et al., 2013; 
D  et al., 2015; H  et al., 2016;  D  et al., 2017; S  et al., 
2017). However, water footprint (WF) as an EIC to measure the ecological footprint of food 
items or diets is not often applied in similar studies (H  et al., 2018).
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The aim and novelty of this study is that the analysis was based on the most consumed 
food items in Hungary and that water footprint was used as EIC. To take these calculations 
into an innovative aspect, nutrients were classifi ed according to their intake level (based on 
the Hungarian Diet and Nutritional Status Survey (HDNSS), 2014) and water footprint. 
Results of this study will serve as a starting point of optimization of nutritional patterns of the 
population.

1. Materials and methods

1.1. Estimation of the Hungarian food consumption

For the estimation of food consumption, Food Balance Sheet of the Food and Agricultural 
Organization of the United Nations (FAO FBS) was used by several studies that analysed the 
relationship between nutrition and environmental impact (J  et al., 2016). To analyse and 
specify the food consumption of Hungary, it was also necessary to use the database of Central 
Statistical Offi  ce of Hungary (CSO). FAO FBS provides data on the food supply of Hungary 
averaged in year/kg/capita (FAO, 2013) and CSO provides data on the Hungarian food 
consumption averaged in year/kg/capita (CSO, 2013). In the case of both databases, the 
dataset of 2013 was considered. These units were transformed to g/day/capita and only food 
items consumed in a reasonable amount (>4 g/day/capita) were included into the calculations. 
Finally, we listed 44 food items that are the most consumed in Hungary and they were used 
as a basis for the further calculations.

1.2. Water footprint of the most consumed food items in Hungary

Water footprint is a measure that indicates the amount of water usage of the production of a 
product over the complete supply chain, in other words: it is an indicator of water usage 
(F   N , 2016). Water footprint is specifi c for region, technology, and 
product. Water Footprint Network (WFN) published databases that are specifi c for countries 
and they contain data for a wide range of food items among crops (M   H , 
2010a) and among animal-based foods (M   H , 2010b). According to 
L  and co-workers (2016), the databases of WFN are the best free and available option to 
calculate with the water footprint of foods, so the specifi c data on the water footprint of single 
food items produced in Hungary were acquired from WFN. In the case of palm oil, soy oil, 
cocoa beans, orange, and banana the global average of water footprint was considered, since 
they are not produced in Hungary. There are three types of water footprint: green, blue, and 
grey. In this study, only green water footprint (GWF) was included into the calculation. Grey 
water footprint was excluded due to missing data. Calculation and statistical analysis were 
also applied with the inclusion of blue water footprint, but it was excluded afterwards, 
because it did not lead to any new conclusion.

1.3. Correlation between nutrient density and water footprint of the diff erent food items

Two types of variables were included into the calculations: nutrient density and GWF of the 
44 most consumed food items. Nutrient composition data were acquired from USDA database 
(N  D  L  (U.S.) & C   F  E  I  (U.S.), 
1999). To test the correlation between the variables, Spearman’s rank correlation was selected 
over Pearson correlation, since not all of the assumptions of Pearson correlation were 
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satisfi ed, such as the normality of variables, which were not normally distributed. It was 
proven by one sample Kolmogorov–Smirnov test. Correlation was calculated with energy 
and nutrient density (nutritional value/100 g) and GWF (l kg–1) as variables. V  D  
and co-workers (2017) applied the same calculation with GHGE as EIC.

The signifi cance level was adjusted to alpha=0.05 in each calculation. Calculations were 
performed with IBM SPSS Statistics® v. 25.

1.4. Classifi cation of nutrients

Analysed nutrients were classifi ed based on their average intake among the Hungarian 
population and their correlation with GWF. The average intake of nutrients of the Hungarian 
population was based on the published data of the HDNSS that was made in 2014. This 
survey was representative for the Hungarian population and determined the nutritional status 
and the average intake of nutrients. These average intake levels were compared to the 
Hungarian nutrient reference values (NRVs) (S  N  et al., 2017; S  
M  et al., 2017). The methodology is summarized in Figure 1.

Fig. 1. Flow chart of databases and calculations (1: Central Statistical Offi  ce of Hungary, 2: Food and Agriculture 
Organization of the United Nation, 3,4: Water Footprint Network, 5: U.S. Department of Agriculture, 6: Hungarian 

Diet and Nutritional Status Survey, 2014)

2. Results and discussion

2.1. Correlation between nutrient density and water footprint

For both calculations, signifi cant results were assumed, since GHGE as an indicator of 
environmental impact factors can predict correlation for other EICs such as GWF (van 
D  et al., 2017). Several studies have proved relationship between nutrient density and 
GHGE of food items, and they were used as comparisons to the results of this study.

Spearman’s rank correlation showed signifi cant correlations between numerous nutrient 
density values with GWF (Table 1). Previous studies have found signifi cant correlation either 
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between the energy density of diets and GHGE (V  et al., 2013; H  et al., 2016) or 
energy density of food items and GHGE (D  et al., 2015; V  D  et al., 
2017). S  and co-workers (2017) have also calculated signifi cant correlation with 
folate and protein with GHGE. In another similar study, signifi cant correlation had also been 
proved between total protein and saturated fatty acids and GHGE (  D  et al., 2017). 
There was no signifi cant correlation between any analysed minerals and GWF, despite the 
fi ndings of  D  and co-workers (2017) and S  and co-workers (2017). The 
positive results of  D  and co-workers (2017) can be explained by the fact that they 
have analysed 403 food items, while in this study only 44 food items were analysed. However, 
S  and co-workers (2017) have analysed only 29 food items and found signifi cant 
positive correlation with mineral density and GHGE.

Table 1. Spearman’s rank correlation between nutrient density (nutritional value/100 g) and green water footprint 
(l kg–1) of the most consumed food items in Hungary

Correlation coeffi  cient (r) Signifi cance (p)

Energy (kcal)
Total carbohydrates (g)
Dietary fi bre (g)
Sugar (g)
Total protein (g)
Cholesterol (mg)
Total lipid (g)
Saturated fatty acids (g)
Thiamin (mg)
Ribofl avin (mg)
Niacin (NE)
Vitamin B6 (mg)
Folate (μg)
Vitamin B12 (μg)
Vitamin C (mg)
Vitamin A (μg)
Vitamin E (mg)
Vitamin K (μg)

0.715**
–0.311*
–0.367*
–0.322*

0.331*
0.570**
0.756**
0.701**

–0.033
0.322*
0.0412

–0.056
–0.386**

0.574**
–0.643**
–0.238

0.274
–0.164

0.000
0.040
0.014
0.033
0.028
0.000
0.000
0.000
0.830
0.033
0.787
0.719
0.010
0.000
0.000
0.119
0.071
0.286

(n=44). Correlation is signifi cant at the 0.01 level** and 0.05 level *.

2.2. Classifi cation of nutrients

According to the recommended intake level and measured intake level of nutrients – based 
on HDNSS – and the correlation with GWF of nutrients, they can be classifi ed as:

i. The average intake of the Hungarian population is lower than the NRV.
ii. The average intake of the Hungarian population is higher than the NRV.
a. There is a signifi cant negative correlation between nutrient density and GWF.
b. There is a signifi cant positive correlation between nutrient density and GWF.
Based on these two aspects, nutrients were classifi ed into four groups (Figure 3). Group 

(i.a.) includes nutrients that are underconsumed and have a low association with GWP, they 
are typically high in plant-based foods. Group (ii.b.) includes nutrients that are overconsumed 
and have a high association with GWP, they are typically high in animal-based foods. Group 
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(i.b.) contains ribofl avin, there was a signifi cant positive correlation with GWF, and its intake 
does not reach the recommendation. However, the diff erence between the average intake 
(men: 1.46 and women: 1.24 mg day–1) and NRVs (men: 1.6 and women: 1.3 mg day–1) is not 
considerably big (S  M  et al., 2017). Ribofl avin content is high in animal-
based foods, but it is also found in pulses and grains in a considerable amount. Group (ii.a.) 
includes vitamin C that is somehow a controversy result, because nutrients that are typically 
high in vegetables and fruits and negatively correlate with GWF belong to group (i.a.). 
However, the average intake of vitamin C of the Hungarian population exceeds the NRV. 
Total protein cannot be classifi ed into any given group, since there was a signifi cant, positive 
correlation with its density in food items and GWF of them but the average intake of it among 
the Hungarian population meets with the NRV. In case of sugar, despite that there was 
signifi cant negative correlation between its density and GWF in food items, it cannot be 
classifi ed, because the NRV considers added sugar, while the calculation was based on both 
added and natural sugar content.

Fig 2. Classifi cation of nutrients based on their average intake among the Hungarian population compared to 
nutrient reference values (NRVs) and signifi cant correlation with green water footprint (GWF)

3. Conclusions

As it was assumed, numerous nutrient density values of food items have signifi cant correlation 
with GWF. The classifi cation applied in this paper discusses these results from a new aspect 
based on the intake level of nutrients among the Hungarian population. According to this 
approach, overconsumed (i.e. “unhealthy “) nutrients that are associated with health risks 
have a high association with GWF. On the other hand, underconsumed (i.e. “healthy”) 
nutrients – that are considered to be preventive factors in the aspect of health – have a low 
association with GWF. This study was based on the results of HDNSS 2014 (S  N  
et al., 2017; S  M  et al., 2017) that represent the nutritional habits of the 
Hungarian population from a cross-sectional view. However, “there is nothing new under the 
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sun”, the inadequate intake of nutrients had also been present in the last quarter of the century 
(S -S  et al., 2012). It was one of the initial steps to focus the analysis of the SN on 
Hungary and further studies are defi nitely needed.
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