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Abstract 

Objective:  The aim of this research is to combine agricultural design with diet 

development to create more sustainable and healthier diets. In order to accomplish this 

aim, the primary objective was to investigate the capabilities of a Mixed Integer Linear 

Programming model in maximizing the amount of people fed on a selection of crops in 

a given food system, thereby reducing land use while meeting nutritional adequacy of 

the population.  

Methods: An existing mixed integer linear programing model was adapted to maximize 

the amount of people fed taking into account a variety of aspects of the food items 

including: nutrient content, nutrient requirements and upper limits, minimum and 

maximum amounts of species, nutrient losses over time, yield and harvest times of 

species as well as shelf life. Using the developed framework, a test scenario was created 

to identify nutritional deficiencies in the system and to subsequently fill them with 

appropriate species through expert opinion and literature review. It was then sought 

to determine the feasibility of two dietary scenarios: a minimum constraint scenario 

and a moderate constrain scenario. The developed scenarios were compared to the 

average Dutch diet in terms of nutrient intake and land use.    

Results: Initial nutrient deficits were revealed from the test scenario to be: vitamin B-

12, B2 and D. Deficits were filled by adding the food items: shiitake mushrooms (dried 

and UV exposed), sea buckthorn, sauerkraut, fermented beet juice and lupine tempeh. 

Both the minimum constraint scenario and the Moderate-Constraint scenario yielded 

feasible solutions utilizing the newly added species from the test scenario. Both of the 

developed scenarios had favourable nutrient composition compared to the average 

Dutch diet and reduced and use (0.1-1ha/person vs. the average Dutch diet using 

1.3ha/person). In both scenarios vitamin D was the main limiting nutrient in feeding 

additional people and shiitake mushrooms were the most heavily favoured food item.  

Conclusion: While there are still limitations approaching the real world applicability 

of outcomes, the model showed to be capable in identifying nutrient rich cropping 

patterns, nutrient deficits in species list and acting as a starting point for the 



 6 

development of heathier and more sustainable dietary patterns based on agricultural 

design.     

Keywords: Dietary Pattern, Mixed Integer Linear Programming, Land Use, NRF, Food 
Forest    
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Abbreviations  

DRV-Dietary Reference Value 

ESFA-European Food And Safety Authority 

LUA- Land Use Activity  

MILP-Mixed Integer Linear Programming   

NRF-Nutrient Rich Food Index 

UL- Upper Tolerable Limits  
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Introduction  

Collectively food production has a great impact on the planet. Agriculture takes up 

38% of available land and is responsible for 60% of global species losses due to land 

conversion (FAO, 2019a). These numbers are expected to increase as the population 

grows in both size and affluence 1. A large proportion of the demands on land are 

driven by change in diet related to income and not by increased consumption 2. Food 

choices made by individuals in affluent countries, such as increased meat consumption, 

tend to create a greater environmental burden and take up more land than those in 

less affluent countries 2. If the total available global cropland were distributed evenly 

amongst the population this would result in 0.7 ha per person 3. In the Netherlands, 

current land use from food production is set at approximately 1.3 hectares (including 

cropland and pasture) per person 4. This land use far exceeds what is possible in a fair 

and sustainable system. To provide healthy options for future and present generations, 

global land expansion for food production must be limited.  

The development of sustainable dietary patterns has been increasingly promoted 

by dietary guidelines around the world to improve the health of people and planet a 

like 5. In order to adequately reduce land use within planetary boundaries, production 

must also be aligned with meeting nutritional needs. Designing agricultural landscapes 

for diet has the potential to increase the nutritional output per area, decrease land use 

and increase local availability of healthy options. It also has the potential to allow for 

ecological considerations to be taken into account on a region specific basis such as 

biodiversity and soil health. Given the burden of diet related disease and the 

environmental impact of agricultural systems, carefully designing agricultural 

landscapes is increasingly important. 

 Agricultural landscapes can be designed on many different scales ranging from 

patchworks of monoculture to mixed cropping systems where more than one species 

intentionally coinhabit the same region. One agricultural landscape with a high degree 

of complexity are food forests. Food forests are unique in that they utilize a 

multispecies design, enabling diverse diets to be developed in a relatively small area. 
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Food forests are an agroforestry technique proposed as a solution to feeding the world’s 

population on a carbon budget due to their reduced environmental impact compared 

to conventional farming systems, improved carbon sequestration, improved soil health 

and high biodiversity. This is in part the result of an ethos of careful selection of crops 

fitting in line with ecological suitability of the area. However, research thus far has 

primarily looked into the environmental impact of agroforestry systems such as food 

forests 6–9 and relatively little attention has been paid to the nutritional aspects of food 

production. Design of food forests typically center around environmental principles, 

neglecting the diets that are produced as the result. If food forests are to be a tool in 

the arsenal of climate change resistant agricultural systems, it is important to know if 

they are feasible in supplying people the nutrients they need.  

In order to determine the nutritional output of a food forest many factors must 

be considered including: nutritional content of species, nutrient decay overtime, yield, 

interspecies interactions and storage times of products. Modeling is one solution to 

account for the complexity of food forest design allowing elements of sustainability, 

production and nutrition to be accounted for. Optimization modelling is the most 

common type of modelling approach to address sustainable dietary pattern creation 10. 

Diet optimization models balance environmental impact and nutritional concerns in a 

variety of ways. Commonly, diet optimization models optimize currently consumed 

diets of the population of interest for decreased environmental impact markers, 

typically GHG emissions. To date, little research has focused on optimization of the 

agricultural landscape to improve health and sustainability, particularly for 

economically developed countries such as Europe or North America. 

 The project presented in this paper explores the development of a dietary model 

used to design diets from the perspective of agricultural landscapes that addresses 

nutritional and sustainability issues in the Netherlands. The model takes diet creation 

a step further by incorporating aspects of supply such as yield of crops, seasonality, 

storage and nutrient loss over time of foods. The objective of the model is to feed as 

many people possible a nutritious diet on a given area of land, reducing land use and 

Jeroen Kruit 

Jeroen Kruit 
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improving health outcomes. What constitutes nutrition is based on the Nutrient Rich 

Food Indexes which were used as a proof of concept. The model developed in this 

project was accordingly named Ground&Up to reflect the fact that diets are built based 

on what the agricultural landscape has to offer and subsequently modified to meet the 

nutritional needs. This runs in contrast the top down approach commonly seen in 

dietary pattern creation where diets are selected based on foods alone and not the 

cropping systems they come from. 

The outcome measure of this paper is to create ecologically considerate dietary 

recommendations for agricultural landscapes using Mixed Integer Linear Programming, 

a type of optimization modeling. In order to accomplish this outcome, the Droevendaal 

food forest was used as a case study. The primary objective of this research is to 

determine the capabilities of a Mixed Integer Linear Programming model in 

determining the maximum the number of people fed from a selection of crops for a 

given food system. Secondary objectives include: Develop dietary scenarios and 

cropping patterns to; i) determine the maximum amount of people who can be 

adequately fed on 1 ha of food forest with minimal constraints and  ii) determine if a 

moderately constrained diet can adequately feed 10 people on 1 ha of food forest. The 

final objective will be to compare dietary scenarios to the average Dutch diet in terms 

of nutrient intake.      
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Literature background  

This chapter consists of a small literature background giving some context to project 

and its interdisciplinary components. First, this section will describe the nutrition 

agriculture interaction, explaining the need for nutritional oriented design in 

agricultural landscapes. Second, an overview of optimization models and current 

approaches to modelling sustainable diets will be examined along with the niche with 

which the Ground&Up model fits in dietary modeling. Lastly, a description of the case 

study used for the application of this model, the Droevendaal Food Forest is given.  

Agriculture/nutrition interaction  

Agriculture and nutrition are intricately linked. Through a feedback of supply and 

demand agricultural landscapes are being shaped by food choice and vice versa. 

Currently both agricultural landscapes and global nutrition are undergoing change. 

Over the past 50 years the world has gone through what is referred to as a nutrition 

transition 11. In this transition, there has been a convergence of global diets to a new 

“western” norm characterized by high intake fat, processed foods, meat, sugar and salt 

11. As a result, the burden of disease has now shifted from malnutrition related 

disorders to those of over-nutrition. Despite what the label of over-nutrition suggests, 

insufficient intake of micronutrients can simultaneously be present in individuals. 

While extreme examples of over-nutrition and deficiency typically manifest in less 

economically developed countries, American and European populations have also 

shown to be under-consuming certain micronutrients while experiencing over-nutrition 

in terms of calories and macronutrients 12,13. In these cases, many individuals have an 

overconsumption of calories and sufficient micronutrients to avoid malnutrition status, 

but insufficient to promote optimal health. As a result, this type of diet can increase 

risk factors for diet related chronic disease.      

 Areas with decreased accessibility and availability of healthy options 

significantly have a poorer quality of diet 14. Increased accessibility and availability 

can manifest in many different ways such as farmer’s markets or increased selection at 

grocery stores 14. Additionally, as found by Salois (2012), in the United States, the 
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presence and degree with which local agriculture can contribute to meeting local food 

needs has been shown to be associated with lower prevalence of diabetes and risk 

factors for chronic disease such as obesity. In this way it is not only the retail landscape 

but the surrounding agricultural landscape that makes a difference in health outcomes. 

 Similarly, agricultural landscapes have also changed over the past 50 years. 

Farms have become increasingly industrialized and with it, increasingly specialized in 

what they grow, resulting in single high output species. Industrialization has greatly 

reduced diversity and additionally required farms to have higher inputs of chemical 

pesticides and fertilizers, use more machinery and create more homogeneous landscapes 

16. The industrialized approach to agriculture has resulted increases in yields but also 

increased the environmental impact 17. This push has largely been driven by a call to 

increase production to support the worlds growing population. However, the focus of 

increased production has predominately been on increasing calories and not nutrition18. 

Additionally, while intensive farming has advantages in terms of caloric output, in the 

long run many of these factors contribute to not only to environmental destruction but 

reduced yields, making the sustainability of the intensive monoculture approach 

questionable.   

Dietary models  

In order to create sustainable change in the food systems many tools have been 

developed. Modeling and diet optimization is one method by which the trade-offs and 

equilibriums with environmental impact and nutrition can be examined. At its core, 

diet optimization seeks to find an optimal set of foods for a specific population (or 

individual) given certain constraints. To accomplish optimization, an objective 

function, which serves as the aim of the process, is either minimized or maximized. 

Decision variables, which are typically food items, are selected in different proportions, 

to meet the objective function while being filtered through the set of constraints.  

Optimization models are the most common type of model used to look at sustainability 

and dietary patterns 10. What qualifies as nutrition and sustainability however, vary 

greatly between modelling approaches. Nutritional value is approximated in many 
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different ways. For example, nutritional adequacy can pertain to the Recommended 

Daily Intake (RDI), which is sufficient intake to satisfy requirements of 97-98% of the 

population. However, in some regions with poor food security meeting the RDI’s cannot 

be achieved making optimization centered around approximating RDI 

recommendations 19. Another approach to examine nutritional value looks at 

nutritional benefits within the diet. Nutritional benefits can be approximated using 

diet quality indicators 20. 

 Sustainability and what constitutes sustainability can also be interpreted in 

many different ways. Within sustainability there are multitudes of both the social and 

ecological aspects. For the purposes of modelling, proxy measures of sustainability are 

often chosen based on the aim of the optimization process. These include indicators 

such as GHG emissions, land use, biodiversity, soil health, water use, accessibility, 

income etc. 10,21. Three relevant examples of modeling experiments incorporating 

sustainability and nutrition into dietary pattern formation include Optimeal, Optifood 

and FARMdesign.     

 Optimeal is the dietary optimization model utilized in a modified form for the 

creation of the Dutch Dietary Guidelines 22. Optimeal generates diets as close as 

possible to those of the target population while fulfilling general nutrition constraints 

22. Sustainability while not taken into account in the model itself, was taken into 

account externally by setting upper bounds for animal product consumption, shown to 

heavily influence the impact of a diet on the environment 22. It was acknowledged that 

further reductions in GHG’s could be achieved with further decreasing animal product 

consumption to greater extent or selecting low GHG options within each food group. 

For example, staying away from processed foods 22. However, these intensified 

sustainability measures contrasted too severely with the parameters of acceptability to 

be incorporated directly 22.  To aid in increasing sustainability the Netherlands 

Nutrition Centre has detailed additional steps consumers can take to improve 

sustainability of the diet 22. Such as eating less meat, eating locally and seasonally as 

well as reducing food waste. Preliminary sustainability labelling is also included in this 
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approach 22. In this way the diets created have improved sustainability outcomes for 

the general population and further steps can be taken if the individual wishes to follow 

recommendations outside the Dutch dietary patterns created by the model.    

 Optifood is another optimization model used for dietary pattern creation which 

incorporates population specific data on deficiency in the diet to produce 

recommendations for consumption 23. Optimization is mainly centered around  

decreasing the burden of malnutrition 23. Optifood was developed by the WHO in 

collaboration with the London School of Hygiene, and has been used extensively in: 

Guatemala, Kenya, Indonesia, Cambodia and various countries in Southeast Asia 23. 

Unlike Optimeal, Optifood utilizes locally grown foods that are preferred by the 

population to optimize dietary outcomes. Additionally, Optifood has been suggested 

to be used as tool to inform agricultural policy by indicating gaps in the diet 23 

Sustainability for this model focuses primarily on social factors such as income and 

accessibility 19.     

 Recently agricultural-nutritional planning has been explored more extensively 

with the aid of an optimization software called FARMdesign. In a paper by Timler et 

al. (2020), FARMdesign was used to propose crop choice for smallholder farmers in 

Kenya and Vietnam. The focus of this modelling experiment was to satisfy household 

nutritional and income needs through optimization 21. Like Optifood, FARMdesign 

takes into account the local agriculture to make dietary recommendations to improve 

nutritional outcomes. Compared to applications of Optifood and Optimeal 

sustainability is taken into account slightly differently, taking a farm based perspective. 

Sustainability is predominately incorporated by selection for solutions increasing soil 

organic matter inputs and reducing nitrogen soil losses 21.  

 While these models all work similarly, variability in objectives of the nutritional 

and sustainability outcomes relating to a location require different modelling solutions. 

Thus far, limited work has been carried out bridging the sustainability, nutritional 

optimization gap. Specifically, there is much room for development in designing dietary 

patterns which inform agricultural landscapes and vice versa. Particularly lacking are 
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models of this nature have been developed for the context of more economically 

developed countries. While still greatly different from region to region, economically 

developed countries have different goals in terms of what nutrition and sustainability 

outcomes are preferable due to differences in burdens of diet related disease and 

landscape requirements.   

Ground&Up overview 

The model developed in this project seeks to contribute to filling the gaps between 

nutrition and agriculture through the development of a Mixed Integer Linear 

Programming  model, which is a subset of optimization modeling relying on both 

continuous and integer variables. The Ground&Up model was created to aid in design 

of dietary patterns from agricultural landscapes with the primary objective of 

maximizing the people fed in a given area. In the model, nutrient requirements are 

modified from the diet quality indicator: the Nutrient Rich Food Index (NRF). NRF’s 

are a scoring system used to evaluate and rank the nutrient density of foods 13. NRF’s 

have shown to be indicators of a healthy diet that also coincide with nutrients typically 

low or limited in Western diets 13. By using NRFs as the basis for nutrient 

requirements, the diets created inherently score highly on this healthy eating index.   

Case study the Droevendaal Food Forest  

The Droevendaal Food Forest was selected as a case study for the modelling approach 

of this paper. Is a young food forest, in the process of planning its design.  Food forests 

have shown to be more resistant to the stresses of climate change such as drought and 

temperature increases, have increased water efficiency and increased biodiversity 

compared to other farming systems (Van Eck, 2019). Furthermore, food forests have 

been shown to have large capacity for carbon sequestration which increases with the 

age of the forest owing to interactions with root systems and bacteria and fungi in the 

soil (Liu et al, 2018). In this way, food forests not only are more resilient to the effects 

of climate change but are actually potentially a source of mitigation. This beneficial 

effect is largely due to principles of crop selection in food forests which contain 

attributes such as the inclusion of trees and relying on perennials which require less 
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disturbance of the soil and subsequently allow for increased soil health and carbon 

sequestration. Including many species increases biodiversity of both flora and fauna 

and create microclimatic effects which can act to reduce water use 24.Food forests are 

very different in composition but also vary in goals. Nutritionally speaking, the main 

goal of the Droevendaal food forest, is to determine how many people the food forest 

could be capable in supporting. Several projects have been carried out thus far looking 

into the design of the Droevendaal Food Forest and in determining what species would 

be appropriate to feed 10 people. In previous projects, some issues have been in keeping 

up with the changing design aspects of the food forest and in supplying certain 

nutrients such as B-12.   

 Food forests are unique agricultural systems in many ways, one defining feature 

is the long timescale with which they exist. Trees can live and be productive for well 

into 100 years of life, meaning design needs to span the century. As a result of this 

long timescale food forest rely on the principles of succession for development as 

canopies expand and perennials establish themselves. Taking the complex relationships 

of aging plants into account can make it difficult to plan food forests. However, a food 

forests timescale also emphasizes the importance of planning these systems as it could 

very directly influence the food environment and therefore the health and sustainability 

of future generations.   
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Methods 

The present chapter begins describing the components of the developed model in 

section 3.1. This section presents the mixed-integer linear programming model that is 

used to optimize the design of agricultural landscapes, maximizing the amount of 

people fed. Section 3.2 will discuss the case study investigated, the Droevendaal Food 

Forest.  

 

Optimization models: Ground&Up 

Structure of model 

The model developed “Ground&Up”, is a Mixed Integer Linear Programming  (MILP) 

model. As a MILP model, Ground&Up is comprised of three main components: (i) the 

decision variables, (ii) the objective function,  (iii) the constraints (summary in Figure 

1). 

In the model, the objective function serves as the aim for the optimization 

process.  To reduce complexity, one primary objective function was selected. This was 

to maximize the number of people able to meet nutritional adequacy throughout the 

year. Ground&Up uses a MaxMin achievement function which maximizes the 

minimum number of people fed during the year. In this way the output of the model 

is determined by the most limiting factor. For example, in one run of the model, if 

1. Objective Function
Maximize the number of people able to meet nutritional 

adequacy throughout the year 

2. Constraints
• Available land 
• Inventory constraints
• Nutritional constraints
• Imported nutrients
• Biodiversity

3. Decision Variables
• Area of each land use 

activity 
• Food items in each 

month
• Food items consumed in 

each month
• Food items produced in 

each month
• Food items inventoried in 

each month

Optimization 
Model calculates 

the decision 
variables in order 
to maximize the 

objective function 
while fulfilling the 

constraints 

Set of food 
items 

Combination of 
food items 
(calculated 

diets)

Figure 1. Overview of components of the Ground&Up model. Depicts the relationship between objective 
function, constraints, decision variables and the outcome. The objective function selects a set of food 
items which were determined to be appropriate to grow in the case-study site. These are translated into 
decision variable which keep track of the inventory, consumption and production in each period as well 
as the associated land use area. These are then filtered through a set of constraints which then produce 
a list of food items or calculated diets.  
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vitamin E was severely limited, this would mean that achieving the objective function 

of nutritional adequacy for the maximum number of people was limited by vitamin E 

content of the foods. In response, the model would minimize the maximum deviation 

from the required intake level by selecting different species combinations to increase 

vitamin E while potentially also decreasing other nutrients. 

 In order to determine the maximum number of people that can be fed 

consistently throughout the year, decision variables are optimized subject to a set of 

important constraints. The main decision variables of the model include: amounts of 

food item produced, amount of food items stored at different points in the year, amount 

of food items used to meet the nutritional requirements and the area allocated to each 

of the available land-use activities (LUA). The LUA describes what a given unit of 

space is occupied by. Food items can be grown in “monoculture” or in an intercropping 

arrangement. For example, land could be occupied by two crops simultaneously such 

as with oaks and raspberries as oaks reside in the upper canopy and raspberries the 

lower.   

The values of the decision variables are determined in a way that the number 

of people that can be fed consistently are maximized, while being restricted by a set of 

constraints. For the Ground&Up model, five types of constraints were defined.  

Available land is a constraint which limits the total area allocated to the different land 

use activities to the available land of the landscape. Inventory constraints are used  to 

track the inventory of food items taking into account the shelf life of products. Nutrient 

constraints take into account: nutrient losses (deterioration of compounds in food from 

time of harvest to time of consumption), required level of consumption for nutrients 

or Daily Recommended Value (DRV) and upper limits for nutrient consumption. The 

DRV acts to constrain the model, ensuring that for each person fed, the same level of 

nutrients are required. Recommended daily intake of nutrients contains both a 

minimum and upper limit, acting to constrain food choices within these nutrient 

bounds. Alongside this minimum and maximum is “more is better” feature, allowing 

users to define when more than the minimum of a healthy nutrient should be consumed 
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and when less than the minimum is better for unhealthy nutrients e.g. saturated fat. 

Imported nutrients are a constraint that limit the amount of nutrients added to the 

model and therefore those that do not need to be supplied from the food list of the 

model. This means that if there is a limiting nutrient in the food list this can be 

“imported” externally so optimization can occur. Import of nutrients can be done 

manually, setting maximums for import. Alternatively, the model can minimize 

imported nutrients, selecting the solution which requires the least nutrient imports. 

Finally, biodiversity can also act as a constraint as it is an adjustable feature in the 

model. By adjusting the level of biodiversity the user can select the number of species 

or food items to be included in the final output. How these were used in the current 

modeling experiment will be discussed in further detail through the application of the 

case study.      

 Overview of data input 

The data required for input into the model includes macro and micronutrient profiles 

of foods; shelf life of food items; daily nutrient requirements of the nutrient rich food 

index nutrients; upper bounds to daily nutrient consumption; nutrient loss factors from 

storage; and information on production including: edible yield per hectare (ha), time 

of harvest. For mixed cropping arrangements, species must be vetted for compatibility 

features including: shade tolerance and allopathic effects.  Decreases in yield that result 

from mixed cropping systems must also be accounted for. Information inputted into 

the model can be found in Appendix B. Table 15-Table 18.  Modifiable features of the 

model include: biodiversity level, minimum/maximum consumption of species per 

month,  imported nutrients and “more is better” nutrients. Mathematical formulations 

of the Ground&Up model can be found in appendix C. 

Case study: The Droevendaal Food Forest 

Data collection 

The Droevendaal Food Forest was selected as a case study for application of the 

Ground&Up model. Food forests are a unique agricultural landscape and require 

additional information for modelling scenarios compared to many conventional farming 
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systems due to increased complexity. Many species grown in food forests have little 

research done on them and as a result data collection ranged in source for different  

food items. This section will explain methods of data collection for the case study of 

the Droevendaal Food Forest.  

Site description  

The Droevendaal Food Forest is a young food forest located in Wageningen, the 

Netherlands. It is situated on the edge of an agricultural area boarded by a 

residential region and the University of Wageningen (figure 2.). Due to the lack of 

surrounding biodiversity, the food forest aims to be a stronghold for species, making 

maximization of biodiversity especially important. The Droevendaal Food Forest was 

previously converted from orchard to a food forest. The modelling experiment 

hypothesizes results for the 15-year mark of the food forest allowing species to reach 

peak yields.  

Species selection  

Initial species selection was determined by members of the Droevendaal Food Forest 

team, particularly in consultation with the managers of the food forest. A selection of 

222 potential species were initially provided. Due to time constraints of the project 

species selection was narrowed down. Out of the 222 potential species, approximately 

50 were chosen based on importance in the food forest ecosystem and based on nutrient 

density. As part of the process of diet formation for this case study, this after 

preliminary runs of Ground&Up nutrient deficiencies were investigated using an excel 

Figure 2. Map of Droevendaal Food Forest and surroundings 

Jeroen Kruit 
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tool found in the supplementary material. Literature searches were then conducted to 

find additional ecologically appropriate species to meet nutritional deficiencies. Foods 

were not included when they did not meet the ecological requirements (Table 1), or 

had negligible amounts of the nutrient. When possible species from the original list of 

222 species detailed by the food forest team were included.  Species including the 

limiting vitamin B-12 were added in collaboration with Maaike van Houtert (BSc. 

Candidate) as part of her Bachelor thesis project. Tuber species were added based on 

the work of Margarita Senesi (BSc. Candidate) and perennial grain based on the work 

of Joost Sleiderink (MSc.).   

 

Table 1. Ecological considerations when selecting species into the model and their rationale. 

   

 Nutrient levels of food 

Nutrients were selected based on the Nutrient Rich Food index (NRF) 15.3 and NRF 

9.3. NRF’s are selection of “more is better” nutrients, where increased consumption is 

preferable and “less is better” nutrients where less consumption is better presented in 

Table 2. “Less is better” nutrients include: saturated fat, salt and added sugar, marked 

with an asterisk in Table 2. Diet quality is commonly assessed in nutritional research 

Characteristic  Rationale  

Perennial  • Allows for minimal digging in system, contributing to 

increased carbon sequestration and soil health.  

Hardiness zone 7-8 • Climatic conditions for a plants survival in the 

Netherlands. 

Invasive status • Prevent the spread of species which could disrupt native 

ecosystems  

Suitability for 

intercropping  

• Plants in food forest are planted in close proximity to 

one another and must be compatible or show 

companionship. Allelopathic effects specifically must  be 

taken into account as they suppress growth.  
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using the NRF index 13. NRF 15.3 was included in addition to the NRF 9.3 as they 

have shown to be effective at assessing specialty diets 13 such as plant-based diets. 

Additionally, several “additional nutrients” were added to ensure nutritional adequacy 

would be met given the unconventional nature of the foods consumed, see table 1., for 

a summery. Foods were assumed to be raw unless not possible to consume them as 

such or not commonly consumed in this manner.  

  Na-not applicable 
*indicates “less is better” nutrients  
1 Fulgoni, V. L., Keast, D. R. & Drewnowski, A. Development and Validation of the Nutrient-Rich 
Foods Index: A Tool to   Measure Nutritional Quality of Foods. J. Nutr. 139, 1549–1554 (2009) 

Table 2. Nutrients added to the model to be fulfilled by dietary patterns from NRF 9.3 and 
15.3 plus  “Additinal nutrients” to account for the unconventional nature of the diet. 
 

Source Macronutrients Minerals Vitamins 

NRF 9.31 
Protein, fibre,  added 

sugar*, saturated fat* 
Ca, Mg, Fe, K, salt* A, C, E 

NRF 15.31 

Protein, fibre, 

monounsaturated 

fatty acids, added* 

sugar, saturated fat* 

Ca, Fe, Zn. K, salt* 

A ,C, D, E, thiamin, 

riboflavin, B-12, 

folate 

Additional nutrients 
Carbohydrate, total 

calories 
Na Na 

Final nutrients 

 

Protein, fibre, 

monounsaturated 

fatty acids,  

carbohydrate, total 

calories, added 

sugar*, saturated fat* 

Ca, Mg, Fe, K, Zn, 

salt* 

A ,C, D, E, thiamin, 

riboflavin, B-12, 

folate 

Nutrient requirements  

Minimum required level of intake for was determined from average Dietary Reference 

Intakes (DRI) and Adequate Intake AI’s for men and women above the age of 18 from 
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the European Food Safety Authority (ESFA) (2018). Levels of intake were set so that 

the nutritional needs were met for 97.5% of the population. DRI’s were primary used 

and AI’s were used when DRI’s were unavailable (Table 3).Upper limits were defined 

based on criteria set by the ESFA (2018). Many upper limits were not defined for plant 

based dietary sources and were therefore set to zero, meaning no upper limit was 

defined26. For protein minimum requirements were set at 65g/day for a 2000kcal diet, 

30% more than is recommended by the ESFA. This is in line with recommendations 

for plant based diets due to poor absorption of protein from plant foods27.  

Table 3. Average Daily Reference Values and upper limits of nutrient consumption for a 2000kcal diet of 
individuals 18+. Nutrients to limit and positive nutrients as defined by the NRF indexing system. 

Nutrients  Averaged DRV Upper limits  

Positive nutrients    

   Energy (Kcal) 2000 2000 

   Protein (g) 50 90 

   Carbohydrate (g) 300 400 

   Fat (g) 65 80 

   Fibre (g) 25 NA 

   MUFA (g) 30 NA 

   Vit A (ug) 700 3000 

   Vit D (ug) 15 NA 

   Vit E (mg) 12 NA 

   B1 (thiamin) (mg) 0.8 NA 

   B2 (Riboflavin) (mg) 1.6 NA 

   B-12 (ug) 4 NA 

   Folate (ug) 330 NA 

   Vit C (mg) 102.5 NA 

   K (mg) 3500 NA 

   Ca (mg) 1000 NA 

   Mg (mg) 325 NA 

   Fe (mg) 13.5 45 

   Zn (mg) 8.45 NA 

Nutrients to limit   

  Saturated fat (g) NA 20 

  Sugar (g) NA 90 

   Salt (g) NA 6 

   
 

 NA-not applicable  

Source: European Food Safety Authority. (2018). Scientific topic: Dietary reference values | European    Food 
Safety. Retrieved October 4, 2020, from http://www.efsa.europa.eu/en/topics/topic/dietary-reference-values 
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Average Dutch nutrient consumption 

Average Dutch nutrient consumption was used as a comparison for the diets created 

with the Grouns&Up model. The average Dutch diet is based on data collected from 

the Dutch National Food consumption survey of 2010 28 (Appendix A. Table	13). Dutch 

nutrient consumption data is weighted for sociodemographic factors, season and days 

of the week (n=3,819). Intake of the 50th percentile was collected and standardized for 

a 2000kcal diet. For example mean energy intake in men was 2593kcal on average and 

therefore other nutrients were multiplied by a factor of 0.77. Standardized nutrient 

intakes were averaged over men and women ages 19-69.  

Shelf life/end of life 

The shelf life of food items was used to indicate how long a food item was edible for. 

Foods were assumed to be stored unprocessed unless processing was required for 

edibility or was the norm for storage practices. All nuts were assumed to be hulled, 

lupine beans dried and everything stored at temperatures of 10˚C or lower.  

 Production  

Predominately peak yields were assumed at a 15-year mark of a mature food forest. 

This assumption means that the diets created would not be met for another 15 years.  

Similar climatic regions were sometimes used as a proxy as there is limited data for 

many species growing in the Netherlands. Averages were taken from ranges for 

simplicity in calculation. Where possible time of harvest and yield per ha were taken 

from the same source. 

Species pairings/yield reductions 

Unlike in many conventional systems, food forests rely on multilayer cropping systems. 

In order to account for this, light requirements and issues with growing in close 

proximity (such as allopathic or competitive affects, companionship effects) were 

investigated and species were paired appropriately. These were then refined by the 

Droevendaal Food Forest team to create realistic combinations. In total 176 species 

pairings were determined. Yield reductions were also applied based on the species being 

combined and were dependent on factors such as light requirements, allelopathy and 
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affiliations for water and other nutrients. Paired species were inputted in the model as 

one species in terms of LUA. By counting combinations as one species this avoided the 

problem of species occupying the same space. A maximum of three species were 

combined together in an intercropping arrangement.     

Nutrient Loss factors 

Fat soluble vitamins tend to be relatively stable with the exception of vitamin A which 

has shown to degrade over time in leafy vegetables but in others remains relatively 

intact 29.  Due to limited data and minimal reductions this was not taken account of. 

Mineral content is not significantly affected over time although, bioavailability of iron 

can change with extended storage. For the purposes of this assessment degradation in 

iron bioavailability was also not taken due to minimal changes and limited available 

data. Carbohydrate content is only affected at relatively high temperatures 29. Storage 

is not anticipated to take place at these high temperatures and therefore was not taken 

into consideration. Similarly, protein content is not affected but bio-availability is 

altered in low moisture foods unless protected from oxygen and or stored in low 

temperatures. These conditions can be avoided and therefore protein degradation is 

also considered non-significant. Nutrient loss and degradation happens most 

significantly with vitamin C, B1 and B929. Appropriate reduction factors were 

subsequently applied to account for this. Due to limitations in data, averages losses of 

vitamin C, B1 and B9 were applied from other species. For vitamin C, an average of 

16% reduction in Vitamin C occurred in the first month of storage29,30. Vitamin C 

losses appear to slow after this point and are assumed to be zero after the second 

month. Foods containing B1 and B9 experience a depletion of 10% vitamin content by 

the end of month one29. Further losses have not been investigated.  

Minimum/Maximum production  

Minimum levels of production were adjusted based on the Droevendaal site. This was 

done to take into account species already growing that will be older then the yet to be 

planted species in 15 years. Species already growing include: 7 walnut trees, 21 pear 

trees and 65 apple trees.  
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Diet scenario development 

As part of the process of Ground&Up, nutrient gaps are investigated from a Test 

scenario diet. The Test scenario diet includes the 50 food items from the initial selection 

of food forest foods (based on the list provided by the food forest team).  In order to 

determine limiting nutrients, it was investigated what minimum percent of nutrients 

would be required to be imported per year to feed at least 1 person throughout the 

year. Biodiversity and nutrient imports were not constrained in this simulation. Based 

on the results of this simulation, gaps in the nutritional profiles of the food list are 

identified and subsequently filled by literature review and determined by expert 

opinion. This process lead to the creation of the Minimum-Constraint scenario and the 

Moderate-Constraint scenario. These two diets are based on the data collected from 

the Test scenario diet with additional constraints outlined in further detail in Table 4 

and set up of calculations. The Minimum-Constraint scenario is used to examine the 

potential in feeding the maximum amount of people possible on a diet with minimal 

constraints. In Contrast the Moderate-Constraint scenario, attempts to feed 10 people 

consistently throughout the year with maximum biodiversity and minimums set for 

species already growing. In this way, the Minimum-Constraint scenario acts as a tabula 

rasa or blank slate diet. The Moderate-Constraint scenario attempts to answer the 

question of whether or not the Droevendaal Food Forest can feed 10 people throughout 

the year. This diet most closely approximates the diet that is preferred by the food 

forest teams specifications. 

Average Dutch diet  

An average Dutch diet was used for comparison to the developed dietary scenarios. 

Information was taken from the Dutch National food consumption survey (2010) which 

is weighted for socio-demographic factors, season and day of the week (n=3,819). 

Median consumption was taken assuming a normal distribution. Age ranges 19-69 were 

averaged and standardized for a 2000kcal diet. E.g. energy intake for men was 2593kcal 

and nutrients were multiplied by a factor of 0.7713. 
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Set up of Calculations 

Using the data described in the above section of the Droevendaal case study, two main 

scenarios are explored. The results of these scenarios are subsequently compared to the 

average Dutch diet. The scenarios utilized are as follows (summary in Table 4): 

Minimum-Constraint scenario: Is the same as the Test scenario diet plus five 

additional food items found in the literature review and determined by expert opinion. 

Nutrient imports were constrained to only allow up to 50% of vitamin D. Minimum 

and maximum amounts of species and biodiversity is left unconstrained. Under the 

umbrella of the primary objective, the Minimum-Constrain scenario seeks to answer 

the secondary objective of determining the maximum amount of people who can be 

adequately fed on 1 ha of mature food forest with minimal constraints. The minimum-

constraint scenario was compared to the average Dutch diet and the Moderate-

constraint scenario. Further analysis on the Minimum-Constraint scenario was done to 

explore the capabilities of the model as relating to the primary objective. Analysis 

includes:  

Minimum-Constraint scenario A-biodiversity simulation: This simulation was 

used to explore the relationship between biodiversity and people fed. Biodiversity was 

incrementally increased in Minimum-Constraint scenario to elucidate the relationship 

with number of people fed and species included in the food list. Objective functions 

were added to include minimize biodiversity and maximize biodiversity. These 

objective functions identify the bounds of biodiversity in feeding one person  

consistently throughout the year.   

Minimum-Constraint scenario B-imported nutrients simulation: This scenario  

examined the relationship between increasing minimum people required to be fed and 

subsequent nutrients required to be imported into the system. The Minimum-

Constraint scenario incrementally increased the minimum amount of people fed until 

50 people were consistently fed throughout the year. Total yearly imported nutrients 

were recorded and limiting nutrients in feeding more people in the Droevendaal food 
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forest were identified. The objective function of maximizing the minimum amount of 

people fed was utilized for this simulation.       

Moderate-Constraint scenario: The Moderate-Constraint scenario is the same 

as the Minimum-Constraint scenario with the additional objective function of 

maximizing biodiversity and additional constraints of: the requirement of feeding a 

minimum of 10 people throughout the year and minimum amounts required to be 

consumed of species already growing in the food forest anticipated to continue to 

produce in 15 years (pear, walnut and apple). This diet seeks to answer the objective 

of if it is possible to feed 10 people on 1 ha of food forest with a moderate amount of 

constraints. The diet is compared to the Minimum-Constraint scenario and the average 

Dutch diet.   

Model specifications  

The Ground&Up model is a population based modeling approach as output of foods is 

assumed to be able to be consumed by all individuals within a population. The model 

was programmed in Fico Xpress 7.0.1 (Fair Isaac Corporation, London, UK) based on 

an existing model examining supply optimization. From this basis, the model was 

adapted into Ground&Up. In its current iteration, Ground&Up is fed by an excel 

document for ease of use.  Calculations were done on an 2015 MacBook Air with a 1.6 

GHz Dual-Core Intel Core i5 processor. 

Table 4. Constraints of the developed diet scenarios  including: minimum people required to be fed 
(p), nutrient imports, biodiversity in terms of number of species grown (n) and minimum consumption 
of select food items per person per year. The symbol ∞ represents unlimited nutrient imports. 

Scenarios  Objective 
function  

Min 
p  

Nutrient 
imports 

Biodiversit
y (n) 

Min 
consumption of 
foods/person/ 
year 

Test scenario  1. Maximize p 
2. Minimize 
nutrient 
imports 

1 ∞  NA NA 
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Minimum-
Constraint 
scenario 

1. Maximize p 
2. Minimize 
nutrient 
imports  

1 Vitamin 
D: 50%* 

NA NA 

  Scenario A 3a. Maximize/ 
minimize 
biodiversity  

1 Vitamin 
D: 50%* 

1-20 NA 

  Scenario B 3b.Maximize    
min p   

1-50 ∞ 
 

NA NA 

Moderate-
Constraint 
scenario 

1. Maximize p 
2. Minimize 
nutrient 
imports 
3. Maximize 
biodiversity n 

10 Vitamin 
D: 50%* 

Maximized Apple: 18kg 
Pear: 42kg 

Walnut: 6.48kg 

All diets are standardized for 2000kcal  
NA-Not applicable, no constraint is applied  
*Assuming the other 50% comes from alternate sources such as sunlight    
 

Sensitivity analysis  

Sensitivity analysis was done testing the effects of: reduced nutrient density of foods, 

reduced yields of crops and increased nutrient losses. In all scenarios less people were 

able to be fed compared to the developed diet scenarios.     
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Results 

This section will summarize the main outputs from the Ground&Up model applied to 

the Droevendaal Food Forest. It will begin with the Test scenario diet scenario output 

before species were added to the model to make up for nutritional deficiencies. The 

Minimum-Constraint scenario  and Moderate -Constrain scenario will subsequently be 

presented. Potential areas for improvements in cropping patterns to increase 

biodiversity and to increase minimum people fed throughout the year will be 

highlighted. Finally, nutrient composition of the Minimum-Constraint scenario and the 

Moderate-Constraint scenario will be compared with the average Dutch diet. 

 

Table 5. Test scenario: “More is better” nutrients and “additional nutrients”. Displays Daily 
Recommended Value (DRV) and average percentage of DRV per person consumed. Furthermore, shows 
the average amount of nutrients produced per year per person. Results are for 1 person fed consistently 
throughout the year and 1 person fed on average. 

Nutrients  DRV 
requirements  

Average 
consumed 
of DRV 
(%)  

% of 
DRV 
imported   

Average produced/ 
person/ year 
(2000kcal) 

Total energy  2000 (Kcal) 100 0 730000 (Kcal) 

Macronutrients        
Protein  65 (g) 178 0 42196 (g) 
Carbohydrate 300 (g) 104 0 113376 (g) 
Fibre  25 (g) 234 0 21356 (g) 
Fat 65 (g) 101 0 23958 (g) 
MUFA** 30 (g) 157 0 418918 (g) 

Micronutrients        
Calcium  1000 (mg) 115 0 317178 (mg) 
Folate 330 (ug) 263 0 11089 (ug) 
Iron  13.5 (mg) 225 0 391326 (mg) 
Magnesium 325 (mg) 330 0 17166 (mg) 
Potassium  3500 (mg) 210 0 2678243 (mg) 
Vitamin A 700 (ugRAE) 208 0 531151 (ugRAE) 
Vitamin B1 0.8 (mg) 295 0 860 (mg) 
Vitamin B12 4 (ug) 0 100 0 (ug) 
Vitamin B2 1.6 (mg) 105 21 615 (mg) 
Vitamin C 102.5 (mg) 178 0 66720 (mg) 
Vitamin D 15 (ug) 0 100 0 (ug) 
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Vitamin E 12 (mg) 196 0 8576 (mg) 
Zinc 8.45 (mg) 136 0 4184 (mg) 

* Monounsaturated fatty acids   
 

Table 6. Test scenario: “Less is better” nutrients produced and percentage of daily value. Recommended 
upper limits of consumption also displayed. Results are based on 1 person being fed consistently 
throughout the year and 1 person fed on average.   

 
Upper limit 
consumption 
(g)   

Average consumed 
of upper limit (%)  

% of DRV 
imported   

Average produced/ 
person/ Year 
(2000kcal) 

Added 
sugar 45 0 0 0 
Satura
ted fat 20 27 0 1976 
Salt 6 0 0 0 

* Assuming uniform seasonal production    

 

All macronutrients were able to be met on a 2000kcal diet however several 

micronutrients needed to be imported. Imported micronutrients include: vitamins B-

12 (100% of DRV), B2 (21% of DRV) and D (100% of DRV)(Table 5). As seen in 

potential people fed, unlike vitamin D and B-12, vitamin B2 is met sufficiently 

indicating an issue of production or inventory in supplying nutritional needs.    
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Figure 4. Percentage of recommended daily nutrient value (RDV) met for test-scenario 
where one person is fed throughout the year with yearly nutrient imports of vitamin D 
(100%), B-12 (100%) and B2 (21%). 
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Species added to the model 

To make up for nutritional deficits outlined in the test-scenario, several species were 

added to the food list used by the model. Vitamin B-12 containing species include: 

shiitake mushrooms, fermented beet juice, lupine tempeh, sauerkraut and sea 

buckthorn. Vitamin D species are UV exposed shiitake mushrooms. B2 species were 

dried shiitake mushrooms. Table 7 includes the amounts and percentage of daily values 

of added foods presented in addition to conventionally recommended sources of the 

vitamin.      

Table 7. Food items with nutrients the food list was deficient in within the test-scenario  

Food item Per 100g DRV (%)* 

Vitamin B-12   

Sea buckthorn 31 4.58 µg 115 

Shiitake mushrooms 32 6 µg 150 

Beet juice 33 4.15 µg 104 

Sauerkraut33 6.09 µg 152 

Lupine tempeh 34 1.3 µg 33 

Vitamin B2   

Shiitake mushrooms 35 0.3 mg 19 

Vitamin D   

Mushrooms (UV exposed)36 18.4 µg 123 

*Daily recommended value of 4ug/day for individuals 18+ for vitamin B-12, 1.6mg/ day for B2 ages 18+, and  
15ug/day from ages 14-70 for vitamin D. 
 
Minimum-Constraint scenario & Moderate-Constraint scenario 

Characteristics   
In both the Minimum-Constraint scenario and Moderate-Constraint scenario, macro 

and micro nutrients were able to be met on a 2000kcal diet for an average of nine and 

ten people respectively. Unlike the Test scenario diet, no vitamin B-12 or B2 were 

required for import. Consistently throughout the year, one person was fed for the 

Minimum-Constraint scenario and ten people for the Moderate-Constraint scenario. In 
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both the Minimum-Constraint scenario and Moderate-Constraint scenario, M ay-

September required vitamin D imports. The lack of adequate vitamin D is the result 

of unavailability of dried or fresh shiitake mushrooms in this period. Total yearly 

imports of vitamin D were equal to 9% for the Minimum-Constraint scenario and 41% 

for the Moderate-Constraint scenario. These percentages fall below the 50% target set 

for dietary vitamin D in the above section.  The Minimum-Constraint scenario required 

10 times more vitamin D to be imported each month, potentially due differences in 

total people required to be fed (Moderate-Constraint scenario: 120 people and 

Minimum-Constraint scenario : 108 people). Examples of the daily diets of these 

scenarios can be found in appendix A (Table 14, Figure 9). 

 

Table 6. Minimum-Constraint scenario: “More is better” nutrients and “additional nutrients”. Displays 
Daily Recommended Value (DRV) and average percentage of DRV per person consumed. Furthermore, 
shows the average amount of nutrients produced per year per person. Results are for 1 person fed 
consistently throughout the year and 9 people fed on average. 

Nutrients  DRV 
requirements  

Average 
consumed 
of DRV 
(%)  

% of 
DRV 
imported   

Average produced/ 
person/ year 
(2000kcal) 

Total energy  2000 (Kcal) 100 0 730000 (Kcal) 
Macronutrients 

Protein  65 (g) 173 0 41044 (g) 
Carbohydrate 300 (g) 106 0 116070 (g) 
Fibre  25 (g) 221 0 20166 (g) 
Fat 65 (g) 101 0 23962 (g) 
MUFA* 30 (g) 149 0 16316 (g) 

Micronutrients  
Calcium  1000 (mg) 121 0 441650 (mg) 
Folate 330 (ug) 199 0 239696 (ug) 
Iron  13.5 (mg) 244 0 12023 (mg) 
Magnesium 325 (mg) 371 0 440099 (mg) 
Potassium  3500 (mg) 299 0 3819725 (mg) 

Vitamin A 700 
(ug 
RAE) 298 0 761390 (ug RAE) 

Vitamin B1 0.8 (mg) 331 0 967 (mg) 
Vitamin B12 4 (ug) 1114 0 16264 (ug) 
Vitamin B2 1.6 (mg) 304 0 1775 (mg) 
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Vitamin C 102.5 (mg) 274 0 102510 (mg) 
Vitamin D 15 (ug) 281 9 15385 (ug) 
Vitamin E 12 (mg) 158 0 6920 (mg) 
Zinc 8.45 (mg) 149 0 4596 (mg) 

* Monounsaturated fatty acids     

 
Table 8. Minimum-Constraint scenario “Less is better” nutrients produced and percentage of daily value. 
Recommended upper limits of consumption also displayed. Results are based on 1 person being fed 
consistently throughout the year and 9 people fed on average.   

 
Upper limit 
consumption 
(g)   

Average consumed 
of upper limit (%)  

% of DRV 
imported   

Average produced/ 
person/ Year 
(2000kcal) 

Added 
sugar 45 0 0 0 
Satura
ted fat 20 25 0 1825 
Salt 6 0 0 0 

 

Table 9. Moderate-Constraint scenario: “More is better” nutrients and “additional nutrients”. Displays 
Daily Recommended Value (DRV) and average percentage of DRV per person consumed. Furthermore, 
shows the average amount of nutrients produced per year per person. Results are for 10 person fed 
consistently throughout the year and 11 people fed on average. 

Nutrients  DRV 
requirements  

Average 
consumed of 
DRV (%)  

% of DRV 
imported   

Average produced/ 
person/ year 
(2000kcal) 

Total energy  2000 (Kcal) 100 0 730000 (Kcal) 

Macronutrients  
Protein  65 (g) 171 0 40570 (g) 
Carbohydrate 300 (g) 106 0 116070 (g) 
Fibre  25 (g) 225 0 20531 (g) 
Fat 65 (g) 102 0 24200 (g) 
MUFA* 30 (g) 120 0 13140 (g) 

Micronutrients 
Calcium  1000 (mg) 119 0 434350 (mg) 
Folate 330 (ug) 186 0 224037 (ug) 
Iron  13.5 (mg) 244 0 12023 (mg) 
Magnesium 325 (mg) 382 0 453148 (mg) 
Potassium  3500 (mg) 277 0 3538675 (mg) 

Vitamin A 700 
(ug 
RAE) 347 0 886585 

(ug 
RAE) 

Vitamin B1 0.8 (mg) 334 0 975 (mg) 
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Vitamin B-12 4 (ug) 1092 0 15943 (ug) 
Vitamin B2 1.6 (mg) 324 0 1892 (mg) 
Vitamin C 102.5 (mg) 291 0 108870 (mg) 
Vitamin D 15 (ug) 248 41 13578 (ug) 
Vitamin E 12 (mg) 147 0 6439 (mg) 

Zinc 8.45 (mg) 157 0 4842 (mg) 
* Monounsaturated fatty acids     

 

Table 10. Moderate-Constraint scenario: “Less is better” nutrients produced and percentage of daily 
value. Recommended upper limits of consumption also displayed. Results are based on 10 person being 
fed consistently throughout the year and 11 people fed on average.   

 
Upper 
limit 
consumpti
on (g)   

Average consumed 
of upper limit (%)  

% of 
DRV 
imported   

Average produced (kg)/ 
person/ Year (2000kcal) 

Added 
sugar 45 0 0 0 
Saturated 
fat 20 28 0 2044 
Salt 6 0 0 0 

 

Nutrient composition 

Comparisons of the Minimum-Constraint scenario, the Moderate-Constraint scenario 

and the average Dutch diet nutrient profiles expressed as a percentage of DRV of 

selected nutrients are presented in Figure 2. Both the Minimum-Constraint scenario   

and the Moderate-Constraint scenario have substantially higher intake of the “more is 

better” nutrients compared to the average Dutch diet . The Minimum-Constraint 

scenario and the Moderate-Constraint scenario reached comparable levels of the DRV 

for “more is better” nutrients. The average Dutch diet was unable to fulfill the DRV 

of several “more is better” nutrients including: Fibre consumed at 76% DRV, folate 

77% DRV, iron 51% DRV, potassium 93% DRV, vitamin B2 87% DRV and vitamin 

D 22% DRV. “Less is better nutrients” are higher in the average Dutch diet compared 

to both the Minimum-Constraint scenario   and the FDD and are greater than the 

recommended upper limit for consumption. Both the Minimum-Constraint scenario   

and the Moderate-Constraint scenario contain 0% of the recommended upper limit of 
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salt and added sugar compared to the average Dutch diet containing 145% and 106% 

respectively. Saturated fat reached similar levels of the recommended upper limit for 

the Minimum-Constraint scenario   and the Moderate-Constraint scenario (25% and 

28% respectively). Saturated fat in these diets is predominately from the high 

quantities of nuts consumed. The average Dutch diet surpassed the recommended 

upper limit reaching 133% of the DRV. 

 

 
Figure 2. Comparison of  developed diet scenarios  of 2000kcal with the average Dutch daily intake 
of Nutrients standardized for 2000kcal, expressed as percentage of the Daily Recommended Intake 
(DRV) according to the EFSA. 9% of dietary vitamin D for the Minimum-Constraint scenario and 
41% of dietary vitamin D for the Moderate-Constraint scenario is assumed to be imported. 

Cropping arrangement  

In order to create a feasible solution for the moderate-constraint scenario no apples 

were able to be added as specified in the set of calculations and only minimum amounts 

of pears and walnuts were set. In the Minimum-Constraint scenario levels of fruit 

consumption are relatively low, indicating a poorer nutritional quality, yield and or 

shelf life compared to the nuts as they are not heavily selected for when constraints 

are not applied to include them as in in the Moderate-Constraint scenario. Both the 

Minimum-Constraint scenario and the Moderate-Constraint scenario grow high 
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amounts of Shiitake mushrooms relative to other species Figure 3-Figure 4. The 

Minimum-Constraint scenario evenly favors other cropping arrangements, each 

representing 10% of the total area. In addition to utilizing more species, the Moderate-

Constraint scenario has more cropping patterns compared to the Minimum-Constraint 

scenario. In the Moderate-Constraint scenario cropping patterns range from taking up 

1% -10% of total area. 

 
Figure 3. Cropping arrangement of Minimum-Constraint scenario  on 1 ha of land expressed as a 
percentage of area 

 

 

10%

20%

10%

10%10%

10%

10%

10%

10%

Minimum-Constraint scenario   cropping arrangement  
(1ha)

Sweet Potato

Shiitake Mushrooms

Beetroot (for juice)

Miners Lettuce

European Chestnut & Chinese
Yam

Almond &Fennel

Sea buckthorn & Blueberry

Hazelnut & Oak

Ramson & Almond
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Biodiversity  

The Minimum-Constraint scenario did not have any biodiversity constraints applied, 

resulting in a biodiversity level of 13 species, slightly less than the Moderate-Constraint 

scenario containing 14 species. When biodiversity was adjusted in the Minimum-

Constraint scenario, keeping nutrients imports the same, a the maximum average 

number of people fed was achieved at biodiversity levels 12, 13 and 14 Figure 5. Each 

of these levels were able to feed an average of 9 people throughout the year. Above 

and below these levels of biodiversity, less people were able to be fed on average. 

10%

19%

10%

10%
2%

10%

10%

9%

1%
8%

1% 10%

Moderate Constraint-Diet cropping arrangement (1ha)

Sweet Potato

Shiitake mushroom

Beetroot (for juice)

Miners lettuce

European Chestnut & Raspberry

Almond & Fennel

Seabuckthorn & Raspberry

Hazelnut & Walnut

Ramson &Walnut

Ramson & Chestnut

Ramson & Hazelnut

Pear & Caucasian spinach

 
Figure 4. Cropping arrangement of Moderate-Constraint scenario on 1 ha of land expressed as a percentage 
of area. 
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Figure 5. Trade-offs between biodiversity and number of people fed. Biodiversity, number of 
species and people fed represented by p, number of people. Nutrient imports are held constant. 
 

Biodiversity was maximized for the Moderate-Constraint scenario resulting in 

14 different species being used. Keeping nutrient imports constant, when no 

biodiversity constraint is applied, 14 species are still selected by the model. The 

Moderate-Constraint scenario has a narrower range of acceptable biodiversity level 

with only biodiversity levels 11-14 yielding feasible solutions (Figure 5) Withing the 

range of 11-14 species, no more than 10 people could be fed. The more limited range 

compared to the Minimum-Constraint scenario is likely due to a greater amount of 

constraints imposed in the Moderate-Constraint scenario. When imported nutrients 

were unconstrained in the Minimum-Constraint scenario, carbohydrate and vitamin D 

needed to be imported to continue to feed at least one person, using more than 17 

species. In the Moderate-Constraint scenario vitamin D and vitamin B2 were the 

limiting factor in feeding at least 10 people using more than 14 species. 

People fed over time 
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17 people are able to be fed respectively (Figure 6). The peak in October corresponds 

with the maximum availability of food items as the majority are harvested in 

September and therefore are available in October for consumption (Figure 6). Many 

high nutrient density species such as nuts become available at this time additionally 

contributing to the peak. The smaller peaks found in April and January do not 

correspond with high levels of potential production. However, both April and January 

show high levels of inventoried foods in the months leading up (Figure 7), likely 

contributing to the relatively high amount of people being fed. Similarly the Moderate-

Constraint scenario also shows a peak in people fed in October with 26 people able to 

be fed compared to the rest of the months where only 10 people are fed Figure 6. The 

composition of the Minimum-Constraint scenario and the Moderate-Constraint 

scenario when they feed the peak amount of people is similar, however the proportions 

vary greatly. Implying trade-offs with the amount of people fed and the cropping 

selection in the Moderate-Constraint scenario.   

 

 
Figure 6. Number of people fed and availability of food items. The former denotes when food items 
from inventory are available for harvest and the latter the number of people fed over time. Note that 
the line is a guide for the eye and does not represent a continuous variable 
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Figure 7.  Quantities of food produced, inventoried and consumed  per year on the Min-Constrain 
scenario. Quantities of  food are displayed in kilograms. Time (t) is displayed in months. Note that line 
is a guide for the eye and not meant to represent a continuous 

Min people fed throughout the year  

Minimum people fed throughout the year was unconstrained in the Minimum-

Constraint scenario. When Minimum people fed throughout the year was incrementally 

increased, it was found that vitamin D was the main limiting nutrient followed by 

carbohydrate and vitamin B2. B-12 becomes limiting when feeding 30 people and when 

feeding 50 people: energy, carbohydrate, vitamin D, vitamin E, vitamin B2 calcium 

and zinc become limiting nutrients (Figure 8). Adding species high in these limiting 

nutrients will therefore increase the number of people able to be fed. 
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Discussion 

Main findings  

On 1 ha of food forest it was found to be feasible to feed an average of nine people 

throughout the year with only 9% vitamin D imported into the system (Minimum-

Constraint scenario). An average of 11 people were able to be fed throughout the year 

on the Moderate-Constraint scenario, with 40% vitamin D imports. Aside from vitamin 

D all macronutrients and micronutrient DRV’s were able to be met by both the 

Minimum-Constraint scenario and the Moderate-Constraint scenario. Furthermore, 

the quantities of “more is better” nutrients from the created diets surpassed intake of 

the average Dutch diet. The average Dutch diet was found to be limiting in: fibre, 

folate, iron, potassium, vitamin B2 and vitamin D. With the exception of folate and 

B2, these deficits in the Dutch diet have been confirmed in a report by the RIVM to 

merit further investigation for potential deficiencies in the population. B2 and folate 

discrepancies with the RIVM report are likely the result of differences in age grouping 

and DRV selected for nutrients37. Additionally, “less is better nutrients” were all 

substantially lower for the created diets compared to the average Dutch diet which 

consumed 106% more added sugar 145% more salt and approximately 106% more 

saturated fat. As confirmed by the RIVM, salt, saturated fat and added sugar are all 

consumed in excess by the Dutch population37. The Minimum-Constraint scenario and 

the Moderate-Constraint scenario both show potential in reducing these excesses. 

However, it should be noted that foods in the developed diet scenario did not consider 

foods in the context of meals and the added nutrients such as salt and sugar that would 

likely accompany them.  

The nutritional adequacy of the created diets is additionally notable given the 

fact that both the Minimum-Constraint scenario and the Moderate-Constraint scenario 

are plant-based. Apprehensions have been voiced over whether or not a plant based-

diet without supplementation or enriched products would be capable of supplying 

adequate levels of certain nutrients. Specifically, B-12, Vitamin D, calcium, omega-3 

fatty acids (FA), iron and zinc38. With the exception of Omega-3 FA, which were not 
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within the scope of this project and vitamin D, all nutrient requirements were able to 

be met. Including vitamin D, all were found to be higher than the average Dutch diet. 

This suggests potential for a well-designed plant-based diet to improve micronutrient 

content of the diet, even when supplementation and enrichment is not relied on.  

An unexpected nutrient deficit in the food list was vitamin B2. In the test-

scenario, production of vitamin B2 was sufficient on average, producing enough to feed 

one person throughout the year. However, 21% of vitamin B2 needed to be imported 

to compensate for deficiencies found in Jan, Feb and Dec. Many of the species produced 

in the food forest contained high amounts of B2. Furthermore vitamin B2 deficiency 

is not well established in plant-based diets as an issue unlike vitamin B-12 and vitamin 

D 39. By increasing the shelf-life of high vitamin B2 containing species i.e. dried 

mushrooms, all vitamin B2 needs were able to be met for both the Minimum-

Constraint scenario and the Moderate-Constraint scenario. This emphasizes the 

influence of seasonality and shelf life of this type of dietary design. 

  Cropping and inventory availability of foods corresponded with peaks in 

amount of people fed for both the Minimum-Constraint scenario and the Moderate-

Constraint scenario. In order to further increase the amount of people fed consistently 

throughout the year, species producing in the months of February, March, May, June 

and July should be added as these are months were low production takes place. 

Additionally improved storage, particularly of foods consumed in the October, where 

the most people are able to be fed, would correspond with an increase in overall people 

able to be fed.  

Trade-offs were found for both nutrient imports and biodiversity with number 

of people fed. As expected, the more nutrient imports into the system the more people 

able to be fed. Up until 30 people all macronutrients excluding carbohydrate could be 

supplied by the food forest. The main limiting nutrient to feeding more people 

throughout the year was primarily vitamin D. While vitamin D can also be attained 

through UV exposure it is typically not obtained in high enough levels for those living 

in the Northern latitudes40.  For individuals living in these areas, fortification and 
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supplementation are typically recommended 40. The fact that so much dietary vitamin 

D can be produced in the food forest at all is an advantage for the dietary scenarios 

produced. From 12-20 people carbohydrate and vitamin B2 also become limiting and 

beyond 20 people and up, energy  and other micronutrients also become limiting. 

Increasing minimum biodiversity in diets revealed trade-offs between people fed and 

level of biodiversity. Both diet scenarios indicate a limit and a threshold to feeding the 

maximum amount of people. The Moderate-Constraint scenario exhibited a narrower 

range of optimal biodiversity levels likely due to the higher level of constraints. In the 

Minimum-Constraint scenario both maximizing and minimizing biodiversity has the 

consequence of feeding less people.  

Another notable finding from the model output, was the potential for land use 

efficiency gains made from designing diets from agricultural landscapes. A typical 

Dutch Diet takes up 1.3 ha per person 4, the food forest is able to feed substantially 

more people per area requiring only 0.11 ha per person for the Moderate-Constraint 

scenario and 0.09ha per person for the Mid-Constrain scenario. Assuming appropriate 

growing conditions were available, if the Minimum-Constraint scenario and the 

Moderate-Constraint scenario was to be adopted by the whole of the Netherlands this 

would amount to 5.18 million ha and 1.57 million ha of land use compared to the 

current 22.5 million ha currently required to grow food for the population. It should 

be noted that the estimate for the average Dutch diet includes pasture for animal 

products which is likely part of the reason for the large discrepancy. These results 

demonstrate potential to fall within the limits of fair and sustainable land use estimated 

to be 0.7 ha per person4 in the Living Planet Report.  

Benefits of approach 

Benefits of the proposed approach lie in both aspects of the model and case study itself. 

Due to evolving plans and changings ideas in the process of designing agricultural 

landscapes such as a food forest, the developed method has an advantage in its adaptive 

nature. A modeling approach allows for adjustments to the plant to be made as new 

information is received. Additionally, by including adjustable features such as 
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minimum/maximum amounts of species and biodiversity the model allows for 

personalization to the requirements of the user and the ethos of the agricultural system 

being developed. Minimum and maximum amounts of species also allow for aspects of 

palatability and growing preferences of the farmers to be taken into account. Another 

benefit lies in  using agricultural design as a starting point for diet creation. Complete 

adherence to any diet is unrealistic to expect. For systems such as the food forest which 

have an assortment of foods, many unfamiliar to the majority of consumer, adherence 

may be additionally low. Using agricultural design to create diet has the added benefit 

of potentially making a food environment that provides healthier and more sustainable 

options through increased accessibility. Increasing accessibility to healthy foods is a 

well-established pathway to increasing consumption41. Furthermore, a benefit of using 

the NRF nutrients as the basis for this case study is that NRF’s were developed based 

on nutrient inadequacies and surpluses in Western diets. In this way, even if the diet 

isn’t adhered to in its’ entirety, the food environment will change to support 

supplementation of healthier foods to the diet.  

Limitations of approach  

In order further approximate real world outcomes several aspects of the model should 

be addressed. To create diets and dietary patterns from the developed scenarios more 

research is needed into how cropping patterns actually translate into diet including 

aspects such a palatability and economics discussed in future research. In its current 

state, the main limitations of this project revolve around the data used for the case 

study.  

First, the selection of included food items and nutrients for meeting nutrient 

adequacy do not represent the full scope of possibilities. In terms of foods items, the 

initial list proved by the Droevendaal Food Forest team was larger than what was 

incorporated. This means that the model only had a small selection of what would be 

possible to grow in the site to choose from. While the most nutrient dense species were 

selected, the less nutrient dense species may also play a valuable role. For nutrient 

selection while using NRF’s provided valuable insight into developing a healthy diet 
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from the food forest, they do not represent the entire scope of nutritional needs of the 

population. Especially for such a specialist diet such as the one produced by the food 

forest, NRF’s have not been validated for nutritional adequacy of all required nutrients.  

Additionally, specific amino acids were not taken into account, which can be 

particularly problematic for plant-based foods. None of the commonly promoted plant-

foods or combinations of plant foods containing a complete profile of amino acids are 

provided by the food forest42. Potential amino acid disbalances will be partially offset 

by the higher recommended levels of protein set for the developed diet scenarios. 

However, more information is needed to have a complete picture of protein intake. 

Furthermore, averages were taken for both nutrient recommendations and to represent 

the average Dutch diet. To greater approach a real world outcomes, differences in age 

groups and gender should be applied.   

Second, issues revolving literature gaps for data input could alter the results of 

simulations. Literature for both nutritional content and agricultural yield of food items 

was limited for some of the less conventional food items (e.g. duck potato, miners 

lettuce, Caucasian spinach etc..). These limitations mean that proxy species were 

sometimes used making the output of the model less accurate. Additionally, very 

limited information was found on the impact of yields in intercropping arrangements 

which could lead to an overestimation of the amount people able to be fed. To 

compensate for the lack of data, expert opinion was deferred to. Limited information 

also was found for nutrient losses from extended storage, however, as losses are 

relatively small and are only present significantly for B1, B9 and vitamin C29, this is 

likely to have little effect on the final outcome. Moreover, B1, B9 and vitamin C are 

produced in high levels in the scenarios developed by the model and are not at high 

risk of becoming limiting factors in the developed dietary scenarios.  

Third, all aspects related to consumption were not taken into account. Upper 

limits for potentially toxic levels of consumption was not included due to limited time 

and information on species selected. For example levels of oxalic acid in miner lettuce 

a main staple of both diets can be relatively high 43. This compound is best to limit in 
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the diet and therefore the final species composition would likely change taking this into 

account. Additionally, the form foods are consumed in was not fully accounted for. All 

foods were assumed to be raw unless inedible in this form, output may change when 

processing is taken into account. Cooking and other processing methods can deplete 

certain nutrients, potentially changing the models output. Finally the consumption 

and edibility of multiple products produced from foods was not accounted for. For 

example, while beetroot was included in the model the leaves were not. Due to limited 

data and time constraints information for the included species on multiple products 

from a food items were not collected. Leaving these additional products out could result 

in a modest level of underestimation of amount of people fed and the caloric profile 

being produced but is not likely to be a great difference as the main edible components 

were included.  

Future research  

These limitations highlight many avenues for future research in improving the data 

quality utilized by the model. For the model itself, it could be expanded to include 

more elements of the SHARP approach, helping the dietary output to transition from 

a food list to a dietary pattern. The SHARP approach means producing diets that 

are environmentally Sustainable (S), Healthy (H), Affordable (A), Reliable (R) and 

Preferred from the consumer’s perspective (P)44. Sustainability could be improved by 

adding other aspects of environmental impact such as carbon emissions and water use. 

Additionally nutrient balances in the soil could be added to account for losses over 

time from production. Soil nutrient balances are also important in determining nutrient 

content of foods as the soil nutrition interaction is significant for many products in this 

analysis. Affordability could be added to include the perspective of both the consumer 

and the farmer. Creating additional constraints on price and cost could ensure diets 

are affordable for consumers and cropping patterns are profitable for farmers. 

Preferability could also be taken into account in future research. In order to do so a 

benchmarking approach to dietary pattern formation could be applied, making small 

steps away from the current diet to incorporate the maximum amount of food forest 
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foods while improving health outcomes and sustainability 45. This approach would 

allow for diets to more closely resemble currently consumed diet by the population and 

therefore increase the acceptability. Despite all the work that still must be done in 

order to produce scenarios approaching real world outcomes, this modeling experiment 

demonstrated the capacity to calculate diets informed by agricultural design and vice 

versa.    
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Conclusion  

The Ground&Up model facilitates the creation of diets and dietary patterns designed 

based on agricultural landscapes. For landscapes with high degrees of complexity such 

as food forests, this allows for the many components of production to be aligned with 

optimizing nutritional output and reducing land use. The Ground&Up model is unique 

in that it merges nutrition, agricultural design and sustainability elements, particularly 

land use. By maximizing the amount of people fed from a given area, Ground&Up has 

the potential to increase local availability of healthy options and food security, while 

minimizing land use efficiency. The process of dietary pattern creation runs in 

opposition to current methods which typically take a top down approach resulting in 

food choices that are discordant from the offerings of local food systems. Conversely 

agricultural design, such as in the case of food forests, typically centers around 

ecological aspects of food production and does not take into account the diets being 

grown. This paper demonstrates the capacity of the model to calculate new diets while 

simultaneously designing the agricultural landscape.  

Through exploring the capabilities of the Ground&Up model it was found to be 

feasible to develop dietary scenarios and cropping patterns. In the Droevendaal Food 

Forest, it was found that after adding crops to make up for nutritional deficits in the 

system, that nutritional adequacy could be met in both of the developed dietary 

scenarios. In the Minimum-Constraint scenario, it was demonstrated what species 

combinations were possible when the model was unbounded by constraints. It therefore 

elucidated which combinations of foods are most efficient in feeding 1 person 

consistently throughout the year with less than 50% of vitamin D imported. The 

moderate-constraint scenario demonstrated what the cropping patterns could look like 

with constraints most closely approximating the vison of the Droevendaal Food Forest 

as determined by the Droevendaal Food Forest team. In this scenario, it was 

demonstrated that 10 people could be fed adequately throughout the year with less 

than 50% vitamin D imported into the system, and a minimum consumption of 42kg 

of pears and 6.8kg of walnuts per person per year. In order to feed more people, in 

Jeroen Kruit 



 51 

both dietary scenarios, the main limiting nutrient was vitamin D. Both of the 

developed diets had advantageous outcomes in terms of NRF nutrient composition and 

land use compared to the average Dutch Diet. While there is still much to be done in 

approaching real world outcomes, in its current state the model can be used to identify 

nutrient rich cropping patterns, nutrient deficits in the crop list and serve as a building 

block to creating healthier and more sustainable diets. 
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Appendix A.  

Table 11. Upper limits, Daily Required Intake and Adequate Intake for selected  nutrients of a 2000kcal 
diet consumed by adults above the age of 18. 

 
Men  Women  Average  Upper limits  

Energy (Kcal) 2000 2000 2000 2000 

Protein (g) 50 50 50 90 

Carbohydrate (g) 300 300 300 400 

Fat (g) 65 65 65 80 

Fibre (g) 25 25 25 NA 

MUFA (g) 30 30 30 NA 

Vit A (ug) 750 650 700 3000 

Vit D (ug) 15 15 15 NA 

Vit E (mg) 13 11 12 NA 

B1 (thiamin) (mg) 0.8 0.8 0.8 NA 

B2 (Riboflavin) (mg) 1.6 1.6 1.6 NA 

B-12 (ug) 4 4 4 NA 

Folate (ug) 330 330 330 NA 

Vit C (mg) 110 95 102.5 NA 

K (mg) 3500 3500 3500 NA 

Ca (mg) 1000 1000 1000 NA 

Mg (mg) 350 300 325 NA 

Fe (mg) 16 11 13.5 45 

Zn (mg) 9.4 7.5 8.45 NA 

Saturated fat (g) NA NA NA 20 

Sugar (g) NA NA NA 90 

Salt (g) NA NA NA 6 

Na-not applicable  
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Table 12. Cropping activities of Test-scenario, Minimum-Constraint scenario   and Moderate-
Constraint scenario 

Dietary pattern Cropping activity  Area (ha) 

Test-scenario  Sweet potato 0.1 

 Shiitake mushrooms 0.1 

 Korean pinenut 0.1 

 Beetroot (for juice) 0.1 

 Miners Lettuce 0.1 

 Pear & Asparagus 0.1 

 Almond & Lupine 0.1 

 Chestnut & Marjoram 0.1 

 Fig & Mint 0.1 

 Hazelnut & Oak 0.1 

Minimum-Constraint scenario      

 Sweet Potato 0.1 

 Shiitake Mushrooms 0.2 

 Beetroot (for juice) 0.1 

 Miners Lettuce 0.1 

 European Chestnut & Chinese Yam 0.1 

 Almond &Fennel 0.2 

 Sea buckthorn & Blueberry 0.1 

 Hazelnut & Oak 0.1 

 Ramson & Almond 0.1 

Moderate-Constraint scenario   

 Sweet Potato 0.1 

 Shiitake mushroom 0.19 

 Beetroot (for juice) 0.1 

 Miners lettuce 0.1 

 Chestnut & Raspberry 0.02 

 Pear & Caucasian spinach 0.1 

 Almond & Fennel 0.1 

 Sea buckthorn & Raspberry 0.1 

 Hazelnut & Walnut 0.09 

 Ramson &Walnut 0.01 

 Ramson & Chestnut 0.08 

 Ramson & Hazelnut 0.01 
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Table 13. Dutch daily nutrient consumption (18+) according to the ESFA 2010, standardized for energy 
intake. 

 
Men  Women  Women 

standardize

d  

Men 

standardize

d  

Mean 

Energy (Kcal) 2593.3 1680.3 2000 2000 2000 

Protein (g) 95.7 73.3 87.3 73.8 80.5 

Carbohydrate (g) 280.3 218.7 260.3 216.2 238.2 

Fat (g) 100 73 86.9 77.1 82 

Fibre (g) 22 18.3 21.8 17 19.4 

MUFA (g) NA NA NA NA 62.5 

Vit A (ug) 835 669.3 796.7 644 720.3 

Vit D (ug) 4.1 2.9 3.4 3.2 3.3 

Vit E (mg) 14.7 11.4 13.6 11.4 12.5 

B1 (mg) 1.3 1 1.2 1 1.1 

B2 (mg) 1.7 1.4 1.6 1.3 1.5 

B-12 5.1 4.2 5 4 4.5 

Folate (ug) 292.7 240 285.7 225.7 255.7 

Vit C (mg) 93.7 89.7 106.7 72.2 89.5 

K (mg) 3832 3033.7 3610.8 2955.3 3283 

Ca (mg) 1105 949.3 1129.9 852.2 991.1 

Mg (mg) 384.3 305 363 296.4 329.7 

Fe (mg) 8.3 6.7 7.9 6.4 7.2 

Zn (mg) 12 9.3 11.1 9.3 10.2 

Saturated fat (g)  37.5 24.3 28.9 28.9 28.9 

Added sugar (g)  48 50.3 59.9 37 48.5 

salt (g) 9.7 7.4 8.8 7.5 8.1 

Na -not applicable  
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Figure 9. Average daily consumption of foods consumed by weight (October) by Minimum-Constraint 
scenario and Moderate-Constraint scenario. 

Table 14. Example for daily intake of developed diet scenarios in the month of October. 

Dietary 
Pattern 

Food item *Amount per 
person/day (g) 

Servings/per day 

Minimum 
Constraint-
Scenario    

   

 
Chestnut 159 1 cup 

 
Sweet potato 395 3 medium sweet 

potatoes 
 

Shiitake 115 1.6 cups diced 

 Almond 106 7 handfuls 
 

Chinese yam 477 2.6 medium Chinese 

yams 

 
Miners lettuce 264 1.5 cups chopped 

 
Ramson 42 1/4 large bunch 

Moderate 
Constraint-
Scenario    

   

 
Chestnut 9 1 large handful 
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Sweet potato 328 2.5 medium sweet 

potatoes 
 

Walnut 17 1 large handful 

 Shiitake 

mushrooms 

80 1 cup  diced 

 
Pear 1504 8.5 pears 

 
Almond 92 6 small handfuls of 

almonds 

 Miners lettuce 623 3.5 cups 

*October was chosen as an example month as peak production occurs for both Minimum-Constraint scenario   and 
Moderate-Constraint scenario at this time.  
No nutrients were imported in this period 
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Appendix B.  

Table 15. Nutrient levels in potential species for Droevendaal Food Forest. See labels section for explanation of labels. 

 Additional 
nutrients 

"More is better" "Less is better" 

Food 
item  

ENER CARB PROT SFAT FIBR MUFA VITA VITD VITE VTB1 VTB2 VTB12 FOLA VITC POTA CALC MAGN IRON ZINC ASUG SATF SALT 

ECNT 189 35 4 2.7 4.1 1 0 0 1.2 0.3 0.05 0 58 0 600 40 45 1 0.5 0 0.5 0 
HZNT 670 4.8 16.4 63 9 60.92 1 0 15.2 0.38 0.11 0 121 4 600 200 154 3 2.1 0 4.6 0 
SPOT 94 20.5 1.1 0.3 2.3 0.01 719 0 0.3 0.17 0 0 17 23 720 160 160 3.6 2.25 0 0 0 
WLNT 708 5.4 15.9 68.1 4.6 12.78 2 0 3.1 0.37 0.11 0 62.1 0 532 117 196 3.4 3.4 0 6.8 0 
APPL 56 12 0.3 0.2 2 0.01 2 0 0.3 0.02 0.01 0 0 5 123 4 5 0.1 0.14 0 0 0 
EOAK 402.34 40.75 6.15 23.86 0 15.109 1 0 0 0.112 0.118 0 87 0 539 41 62 0.79 0.51 0 0 0 
RASB 37 4.5 1.4 0.3 2.5 0.02 2 0 0.5 0.09 0.06 0 33 32 7.8 15 19 1.5 0.3 0 0 0 
BLUB 52 11 0.7 0 2.4 0 3.5 0 0.6 0.02 0.03 0 6 10 85 15 5 0.3 0.2 0 0 0 
SHTK 18 0.4 2.3 0.5 2.5 0 0 18.4 0.1 0.07 0.3 6 44 4 320 6 9 0.2 0.3 0 0 0 
PEAR 53 11.7 0.3 0.2 1.6 0 2.5 0 0.2 0.01 0.02 0 3.7 3 1 6 7 0.2 0.17 0 0 0 
LUPN 393 40.37 36.17 9.74 18.9 3.94 0 0 0 0.64 0.22 0 355 4.8 0 176 198 4.36 4.75 0 0.1 0 
ASPG 16 3 1 0 1.7 0 0 0 1.2 0.1 0.07 0 175 30 200 20 20 1 0.5 0 0 0 
CCHE 0 0 0 0 13.4 0 0 0 0 0 0 0 0 64.5 3500 32.3 1.1 0.17 0.14 0 0 0 
FIGC 84 19 1 0 2 0 12.5 0 0.1 0.06 0.05 0 8 3 253 54 15 0.6 0.3 0 0 0 
KPIN 611 14.1 24 50.7 0.8 19.1 1.5 0 24 0.81 0.19 0 57 2 599 26 233 5.5 4.25 0 0 0 
ALMD 622 5 24.5 53.4 10.2 33.3 0 0 25.8 0.18 1.14 0 93.1 0 668 248 232 3 2.85 0 5.3 0 
NETL 42 7.49 2.71 0.11 6.9 0 50.5 0 0 0.388 0.16 0 14 0 334 481 57 1.64 0.34 0 3.6 0 
CSPI 17.8 2.5 1.5 0.2 1.5 0.005 543.3 0 1.42 0.5 0.13 0 15 30 130 58 39 0.8 0.38 0 0 0 
MARJ 319 42 13 7 18.1 0 405 0 0 0.29 0.32 0 0 51 1522 1990 0 82.7 0 0 0 0 
OREG 360 49 11 10 15 0 345 0 0 0.34 0 0 0 0 1669 1576 0 44 0 0 0 0 
DPOT 78 16.14 4.49 0.1 0 0 0 0 0 0.144 0.06 0 9 0.3 881 7 49 1.21 0.22 0 0 0 
CYAM 124 28.2 1.5 0.3 1.3 0 7 0 0.4 0.16 0.01 0 8 4 380 15 15 0.7 0.3 0 0 0 
FENL 17 2 1 0 2.4 0 11.5 0 0.2 0.23 0.11 0 42 5 400 70 8 1.4 0.25 0 0 0 
SPEA 69 11 4 0 4.5 0 20.5 0 0.2 0.17 0.15 0 33 25 300 20 29 2 1 0 0 0 
TARO 102 22.4 1.2 0.2 3 0 3 0 0 0.05 0.02 0 19 7 200 27 31 0.8 1.3 0 0 0 
CRAN 46 11.97 0.46 0.13 3.6 0.018 1.5 0 1.32 0.012 0.02 0 1 14 80 8 6 0.23 0.09 0 0 0 
PURS 20 3.39 2.03 0.36 0 0 396 0 0 0.047 0.112 0 12 21 494 65 68 1.99 0.17 0 0 0 
JART 73 17.44 2 0.01 1.6 0.004 0.5 0 0.19 0 0 0 13 4 429 14 17 3.4 0.12 0 0 0 
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GNUT 575.16 16 25.8 49.24 8.5 0 0 0 0 0 0 0 0 0 0 0 168 4.58 3.27 0 0 0 
BWHT 357 74 8 2 5.6 0.6 1 0 0.1 0.28 0.07 0 29 0 218 12 80 2 1.1 0 0 0 
DROS 162 38 1.6 0.34 24 0 108.5 0 0 0.016 0.166 0 0 426 429 169 69 1.06 0.25 0 0 0 
PCAN 721 4.4 9.2 72 9.6 0 1.5 0 0 0.66 0.13 0 22 1.1 410 70 121 2.53 4.53 0 0 0 
KBAR 316 63 3.6 3.5 7.9 0 0 0 0 0 0 0 0 24 0 0 0 0 0 0 6.2 0 
FLPN 371 40.37 36.19 9.74 18.9 3.94 0 0 0 0.64 0.22 1.2966 355 4.8 0 176 198 4.36 4.75 0 0 0 
BJCE 34 7.7 0.9 0 0 0 1 0 0 0.03 0.6 4.15 17 3 290 3 22 0.6 0.3 0 0 0 
SBCK 74 9.12 1.05 4.2 2.9 0 36.5 0 0 0 0 4.58 0 8.1 0 11 0 0.52 0 0 0 0 
CABG 36 4.1 2.4 0.2 4.1 0 1 0 0.2 0.04 0.04 0 30 29 200 30 9 0.5 0.23 0 0 0 
SAUR 13 0.6 1.1 0 3.2 0 1.5 0 0.1 0 0.04 6.0857 9 25 210 62 9 0.3 0.12 0 0 0 
YACN 57.7 13.8 0.505 0.055 1.925 0 0 0 0 0.00007 0.00031 0 0 0.05 1.1 0.287 0 0.0002 0 0 0 0 
RHUB 23 2 1 0 1.8 0 5 0 0.2 0.02 0.02 0 7 6 5 40 14 0.5 0.1 0 0 0 
GOJI 349 77.06 14.26 0.39 13 0 600 0 0 0 0 0 0 48 0 190 0 6.8 0 0 0 0 
BCUR 53 8 0.9 0 3.6 0 7.5 0 1 0.08 0.04 0 8 150 2 30 17 1 0.3 0 0 0 
RCUR 36 4.4 1.1 0 3.4 0 2 0 0.1 0.08 0.02 0 11 10 2 20 13 1 0.2 0 0 0 
EGOO 49 9 0.9 0 2.4 0 7 0 0.4 0.02 0.01 0 8 30 3 30 7 1 0.1 0 0 0 
CPLM 40 7.3 0.8 0 2.2 0 30.5 0 0.7 0.02 0.03 0 3 5 0 8 7 0.3 0.09 0 0 0 
MLET 20 8.9 7.4 0.36 2.48 0 88 0 0 0.05 0.02 0 12 13.2 494 65 68 1.8 0.17 0 0 0 
BCHK 62.31 14 0.7 0.39 0.00013 0 0 0 0.1 0.02 0.02 0 0.02 10 218 32.2 16.2 0.93 0.15 0 0 0 
PAWP 80 18.8 1.2 1.2 2.6 0 4.3 0 0 0 0 0 0 18.3 354 63 113 7 0.9 0 0 0 
KIWI 63 11 1 0.7 2.2 0.1 3 0 1.4 0.01 0.02 0 33.5 86 0 29 13 0.4 0.2 0 0 0 
RROS 162 38.22 1.6 0.34 24.1 0 108.5 0 5.84 0.016 0.166 0 3 426 429 169 69 1.06 0.25 0 0 0 
HBER 109.1 12.9 6.5 3.5 8.3 0 0 0 0 0 0 0 0 94.6 323.2 46.7 11.92 0 0 0 0 0 
BRAM 37 5.1 0.9 0.2 3.1 0 6 0 2.4 0.03 0.04 0 34 12 185 41 23 1 0.2 0 0 0 
RAMS 19 2.9 0.9 0.3 2.2 0 0 0 0.25 0.13 0.06 0 0 150 336 76 22 2.9 0.3 0 0 0 
MINT 49 5.1 3.8 0.7 3.5 0 31 0 5 0.12 0.33 0 110 31 260 210 80 9.5 1.11 0 0 0 
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Table 16. Month of harvest and yield of monocrop species. See labels section for explanation of labels. 

Land Use Activity* Time in Months Yield 

(kg/ha) 
ECNT 9 3628.666667 
ECNT 10 3628.666667 
ECNT 11 3628.666667 
HZNT 9 1700.5 
HZNT 10 1700.5 
SPOT 9 2462.5 
SPOT 10 2462.5 
WLNT 10 1000 
APPL 8 18143.5 
APPL 9 18143.5 
EOAK 8 1500 
EOAK 9 1500 
RASB 8 1247 
RASB 9 1247 
BLUB 8 1752 
SHTKE 10 1700 
SHTKE 11 1700 
PEAR 8 10700 
PEAR 9 10700 
PEAR 10 10700 
LUPN 9 3628.74 
ASPG 4 1500 
ASPG 5 1500 
CCHE 7 362.5 
CCHE 8 362.5 
FIGC 8 1757.5 
FIGC 9 1757.5 
KPIN 3 500 
KPIN 4 500 
ALMD 9 694.375 
ALMD 10 694.375 
NETL 6 1474.225 
NETL 7 1474.225 
NETL 8 1474.225 
NETL 9 1474.225 
CSPI 4 6080 
CSPI 5 6080 
CSPI 6 6080 
MARJ 7 1000 
MARJ 8 1000 
MARJ 9 1000 
MARJ 10 1000 
OREG 5 250 
OREG 6 250 
OREG 7 250 
OREG 8 250 
OREG 9 250 
OREG 10 250 
DPOT 8 6000 
DPOT 9 6000 
CYAM 9 8,455 
CYAM 10 8,455 
FENL 7 8,008 
FENL 8 8,008 
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SPEA 7 3,629 
TARO 9 6,000 
CRAN 7 3,600 
PURS 7 10,886 
JART 9 19,604 
GNUT 9 6550 
BWHT 8 3150 
DROS 8 1667 
DROS 9 1667 
DROS 10 1667 
PCAN 10 716.5 
PCAN 11 716.5 
KBAR 8 1785.7 
KBAR 10 1785.7 
KBAR 11 1785.7 
KBAR 12 1785.7 
FLPN 9 3628.74 
BJCE 5 16333 
BJCE 6 16333 
BJCE 7 16333 
SBCK 8 11333 
SBCK 9 1888.88 
SBCK 10 1888.88 
SBCK 11 1888.88 
SBCK 12 1888.88 
SBCK 1 1888.88 
CABB 9 23586 
SAUR 9 23586 
YACN 11 21430 
RHUB 5 7500 
RHUB 6 7500 
GOJI 7 2800 
GOJI 8 2800 
BCUR 6 4125 
BCUR 7 4125 
RCUR 6 4125 
RCUR 7 4125 
EGOO 8 1500 
EGOO 9 1500 
CPLM 8 6000 
CPLM 9 6000 
MLET 1 4233.5 
MLET 2 4233.5 
MLET 3 4233.5 
MLET 4 4233.5 
MLET 5 4233.5 
MLET 6 4233.5 
MLET 7 4233.5 
MLET 8 4233.5 
MLET 9 4233.5 
MLET 10 4233.5 
MLET 11 4233.5 
MLET 12 4233.5 
BCHK 8 1235 
PAWP 8 2454.5 
PAWP 9 2454.5 
KIWI 11 7000 
ROSE 8 1667 
ROSE 9 1667 
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ROSE 10 1667 
HBER 6 5000 
BRAM 6 6803.885 
BRAM 7 6803.885 
RAMS 4 1250 
RAMS 5 1250 
RAMS 9 1250 
RAMS 10 1250 
MINT 8 9071.5 
MINT 9 9071.5 

*not including combinations of food items   
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Table 17. Shelf Life of Potential Droevendaal Food Forest Foods.  See labels section for explanation 
of labels. 

Food item Shelf life in months (rounded) Shelf life in months (unrounded) 

ECNT 12 12 

HZNT 12 12 

SPOT 12 12 

WLNT 12 12 

APPL 3 3 

EOAK 2 2 

RASB 1 0.25 

BLUB 1 1 

SHTK 6 0.25 

PEAR 3 3 

LUPN 30 30 

ASPG 1 0.3 

CCHE 1 1 

FIGC 1 0.3 

KPIN 3.5 3.5 

ALMD 10 10 

NETL 1 0.08 

CSPI 1 0.46 

MARJ 1 0.23 

OREG 1 0.23 

DPOT 1 0.23 

CYAM 12 12 

FENL 2.5 2.5 

SPEA 60 60 

TARO 5 5 

CRAN 5 5 

PURS 0.12 0.12 

JART 2.5 2.5 

GNUT 2.5 2.5 

BWHT 2.5 2.5 

DROS 5 5 

PCAN 12 12 

KBAR 1 1 

FLPN 6 6 

BJCE 2 2 

SBCK 1 1 

CAB 4 4 

SAU 6 6 



 67 

Labels  

Table 18. Labels of nutrients 

nutrient label description 
ENER Energy (Kcal) 
PROT Protein (g) 
CARB Carbohydrate (g) 
SFAT Fat (g) 
FIBR Fibre (g) 
MUFA MUFA (g) 
VITA Vit A (ug RAE) 
VITD Vit D (ug) 
VITE Vit E (mg) 
VTB1 B1 (mg) 
VTB2 B2 (Riboflavin) (mg) 
VTB12 B-12 (ug) 
FOLA Folate (ug) 
VITC Vit C (mg) 
POTA K (mg) 
CALC Ca (mg) 
MAGN Mg (mg) 
IRON Fe (mg) 
ZINC Zn (mg) 
ASUG Added sugar (g) 
SATF Saturated fat (g) 
SALT Salt (g) 
  

  
 

Table 19. Food items and labels 

Food item Label  Description 
ECNT Sweet Chestnut, European chestnut 
HZNT Hazelnut 
SPOT Sweet potato 
WLNT Walnut 
APPL Cultivated apple 
EOAK Pedunculate Oak, English oak  
RASB Raspberry 
BLUB High-bush blueberry 
SHTK Shiitake mushrooms 
PEAR Pear 
LUPN Lupini bean 
ASPG Asparagus 
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CCHE Cornealian cherry 
FIGC Fig common 
KPIN Korean pine nut 
ALMD Almond 
NETL Nettle 
CSPI Caucasian spinach  
MARJ Marjoram 
OREG Oregano 
DPOT Duck potato 
CYAM Chinese yam 
FENL Fennel 
SPEA Siberian pea shrub 
TARO Taro 
CRAN Cranberry 
PURS Purslane 
JART Jerusalem artichoke  
GNUT Ground nut/Indian potato 
BWHT Buckwheat 
DROS Dog rose  
PCAN Pecan 
KBAR Korean barberry  
FLPN Fermented lupin bean  
BJCE Beet juice 
SBCK Sea buckthorn 
CABG Cabbage 
SAUR Sauerkraut 
YACN Yacon  
RHUB Rhubarb 
GOJI Goji berry 
BCUR Black currant 
RCUR Red currant 
EGOO European gooseberry 
CPLM Cherry plum  
MLET Miners lettuce 
BCHK Black chokeberry 
PAWP Pawpaw 
KIWI Hardy kiwi 
RROS Rugosa rose 
HBER Honey berry  
BRAM Bramble 
RAMS Ramson 
MINT Mint 
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Appendix C.  

 

Objective function (minimize maximum number of people) 

 

Calculating total number of people 

!" = 	%""!
!

  (2) 

 

Min max constraints i.e. in all periods the number of people fed are less than the 

maximum number of people fed. 

&" ≤	""! ∀		) (3) 

 

Inventory constraints 

*",!,"%" ≤	"",! − ,",!,"%" ∀		-, )						|	) > 1 (4) 

 

*",!,& ≤	 *",!'%,&'% 	− ,",!,& ∀		-, ), 2						|	) > 1	234	2

> 1 

(5) 

 

*","%",& ≤	 *",(,&'% 	− ,",%,& ∀		-, 2						|	2 > 1 (6) 

 

*","%","%" ≤	"",% 	− ,",%,% ∀		- (7) 

 

% *",!,&
",!,&|&*+,-!

≤ 	0  (8) 

 

Production balancing constraints 

"",! ≤%674-,",!89-
-

 ∀		-,t (9) 

 

min	{&"}  (1) 



 70 

Available land constraint 

%89-
-

≤ 	2?  (10) 

 

Nutrient requirement constraints 

@AB. C%3D)",.E1 − 3?-&,.F,",!,&
",&

+ *&.,!H

≥ @AB. ∙ 3KL. ∙ ""! ∙ 30 

∀		3, )			|	@AB. 	≠ 0 (11) 

 

Restrictions to the amount of nutrietns that are allowed to be imported. 

%*&.,!
!

≤ 6O.%3KL. ∙ ""!
!

 ∀		3			|	@AB. 	≠ 0 (12) 

 

Upper and lower bound to the amount of fed food items 

%,",!,&
&

≤ @P",!	""! ∀		-, )			|	mx/,0 > 0 (13) 

 

%,",!,&
&

≥ @3",!	""! ∀		-, )			|	mn/,0 > 0 (14) 

 

Biodiversity constraints i.e. counting the number of food items used. 

%-?-"89-
&

≤ 3R ∙ 2?	 ∙ S" ∀		-	 (15) 

 

%-?-"89-
&

≥ T ∙ 2?	 ∙ S" ∀		-	 (16) 
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Appendix D 

B-12 

Approximately 10% of the Dutch population suffer from B-12 deficiency (REF). B-12 

is a limiting nutrient in plant-based diets with health organizations recommending 

supplementation and consumption of fortified foods to make up for deficits. Despite 

these recommendations, several promising plant-based B-12 sources have emerged in 

the literature. Foods found to potentially contain plant-based sources of B-12 fall into 

three main categories: algae, fermented foods, fruits/vegetables. In addition to 

elimination criteria detailed in “species selection”, foods were eliminated if they had the 

potential to contain pseudo B12. Pseudo B-12 is any molecule in the cobalamin family 

that shares structural similarities with B-12 to the degree that making the distinction 

between them problematic in vitro. Foods were selected from both fruits/vegetable and 

fermented food categories to increase the diversity of food sources. Algae categories 

were not included due to incompatibility with the Droevendaal Food Forest site and 

high potential for pseudo B-12. B-12 containing foods included into the model were: 

shiitake mushrooms, fermented beet juice, lupine tempeh, sauerkraut and sea 

buckthorn. As can be seen in table 3., selected foods are comparable in the level of B-

12 that they provide to  conventionally consumed sources i.e. animal products. 

Particularly in the case of sauerkraut and shiitake mushrooms, very little is needed to 

be consumed in order to fulfill requirements (101%/100g and 100%/100g respectively). 

All species selected have perennial varieties. However, in the case of lupin this variety 

is not commonly consumed and is higher in bitter alkaloids. This requires additional 

treatment or longer soaking in order to remove and will potentially still maintain some 

bitterness. Suitable perennial varieties include the Alaskan Lupin (lupinus nootkatensis) 

and the sundial lupin  (lupinus perennis). Furthermore, in an analysis by Eurofins Agro 

(2018), it was found that the Droevendaal food forest has slightly acidic soil (pH of 4.9) 

this will increase the presence of bitter alkaloids but also increase the kernel yield and 

protein content. This benefit may outweigh the costs of longer processing time. There 
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are no significant allopathic effects from the selected species and all qualify for growth 

in the hardiness zone of the Netherlands. Uptake of B-12 in plants is dependent on 

environmental and soil conditions. Significantly, the presence of cobalt in the soil and 

pH. The Droeveandaal Food forest has higher then average levels of cobalt in the soil. 

Additionally, low soil pH as is found in the Droevendaal food forest, is associated with 

increased bioavailability of cobalt 46 making these conditions highly suitable for growing 

B-12 containing foods (van Houtert, 2020). 

 

Table 20. Vitamin B-12 containing foods and their daily value according to a 4 µg daily requirement. 
Animal and plant-based compared. 

Food item  µg/100g Daily value (%)* 

Animal products    

       Beef  1.74-2.19 49 

       Chicken  0.20-0.29 6 

       Cheeses 0.30-2.10 30 

       Salmon  3.50 88 

       Herring  13.00 325 

Vegetables/fruit    

       Sea buckthorn 4.58 115 

       Shiitake mushrooms  6 150 

Fermented foods    

       Beet juice  4.15 104 

       Sauerkraut 6.09 152 

       Lupine tempeh 1.3 33 

*Daily recommended value of 4ug/day for individuals 18+ 
Source: European Food Safety Authority. (2018). Scientific topic: Dietary reference values | European Food 
Safety. http://www.efsa.europa.eu/en/topics/topic/dietary-reference-values 
 

 

Vitamin D  
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Vitamin D is unique as it can be obtained through UV activation of the skin as well 

through the diet. Despite this fact most individuals have been shown to be deficient in 

the Northern hemisphere, making it an important nutrient to obtain in the diet. Dietary 

sources of vitamin D are contained predominately in animal products and fortified 

foods. However, several species of mushroom have shown to contain high amounts of 

vitamin D, comparable to animal products (table). Unlike animal products plants 

contain D2 instead of D3. However, both have been found equally effective at increasing 

blood levels of vitamin D (ref).  Some estimates such as those found in NEVO 

drastically underestimate vitamin D content. This is likely the result of the fact that 

mushrooms need to be exposed to sunlight in order to produce adequate amounts of 

vitamin D, something that does not happen to most commercially grown mushrooms. 

In a system such as the food forest mushrooms will be grown outside, where they will 

be exposed to sunlight and thus will produce vitamin D. The amount of vitamin D is 

dependent on the surface area exposed, season and exposure time. In shitake 

mushrooms exposing the gills has twice the effects as the cap as this is where ergosterol 

concentrations,  are highest. Sun drying mushrooms has shown to be a low energy 

solution to increasing vitamin D content and shelf life of mushrooms.  Very short 

amounts of time are required for vitamin D to be produced with upwards of 15 min 

showing beneficial results. Among the viable mushrooms, shiitake mushrooms were 

selected for their compatibility with the food forest site and high potential vitamin D 

content. As it is not practical to expect consumption of mushrooms every day, the only 

nutrient that was imported into the final diets was vitamin D. Imported vitamin D was 

limited to 50% assuming the other 50% comes from alternative sources such as sun 

light.  

 
 

Food item  µg / serving Daily value (%)* 

Animal products   

     Cod liver oil (tbsp) 34 227 

     Salmon (100g) 11.1 74 
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     Large egg 1.1 7 

Vegetables    

      Mushrooms (UV exposed) (100g) 18.4 123 

*Daily recommended value of 15ug/day from ages 14-70  
Source: National Institutes of Health. Vitamin D Health Professional Fact Sheet. National Institutes of Health 1–14 
(2016). doi:10.1007/s11428-016-0095-4 
 

B2  

Both plant-based and animal-based foods are recommended sources of B2 35. 

High B2 containing plant foods suitable for the Droevendaal site include: almonds, leafy 

greens and mushrooms 35. These species were are already included in the models food 

items and therefore, no additional species were added. The presence of these foods 

indicates that another parameter such as yield, nutrient losses overtime and/or shelf 

life could be limiting factors in meeting the nutritional requirements of a population. 

Amongst B2 containing species, the best candidate for improved shelf life was shiitake 

mushrooms.  Shiitake mushrooms have a high B2 content compared to other sources 

(table x) and a relatively low shelf life. Shiitake mushrooms have shown to maintain 

nutrient content after drying. This includes the vitamin content of B-12 32, vitamin D 

36 and B2 47. Drying significantly extends the shelf life from 1 month to 1 year.  

Other potential candidates suitable for future incorporation into the food list 

but due to time and scope constraints of the project were not investigated further 

include: beet root leaves and fermented products. Beet root leaves were found to have 

substantial quantities of B2 comparable to those found in eggs (18% of daily value per 

100g of beet leaves and 20% of daily value in one large egg)47. As beets are already 

included in the model it must be determined what the percentage of 100g of harvested 

yield would be from the beet root itself and the leaves. The food item nutritional 

information in the model could them be updated accordingly to include both the beet 

root and the leaves of the beet plant. Recent research has suggested that fermentation 

with certain types of microbes has yielded increases of 76–113%, to 91.6 ± 0.6 µg/100 

g fresh weight in cauliflower and white beans (Thompson et al., 2020). These 
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substantial gains indicate the potential for fermentation of species existing in the food 

forest but is beyond the scope of this project to pursue.  

 

Food item  mg / serving Daily value (%)* 

Animal products   

     Beef 0.9 56 

     Large egg 0.3 19 

     Milk (250ml) 0.2 13 

Vegetables    

     Mushrooms 0.3 19 

     Spinach  0.2 13 

     Almonds 1.1 69 

     Avocados  0.1 6 

*Daily recommended value of 1.6mg/ day for ages 18+ 
Source: USDA. (2019). FoodData Central. https://fdc.nal.usda.gov/fdc-app.html#/food-
details/171706/nutrients%0Ahttps://fdc.nal.usda.gov/fdcapp.html#/?query=ndbNumber:11216%0Ahttps://fdc
.nal.usda.gov/index.html 

 


