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Abstract 
New ways of sustainable food production are needed to obtain the same standards of healthy foods 

and diets for future generations. Food forest might be one of those new ways of production methods. 

However, with a focus on creating more sustainable food systems, it might be a challenge to secure 

adequate diets. This literature review investigates if  adequate intake of vitamin B12, which is essential 

for a healthy human diet, can be covered for ten people following a plant-based diet derived from a 

one hectare food forest. A literature study was conducted and implemented in a theoretical dietary 

design model. Results showed that in situ vitamin B12 fortification of six perennial and biennial 

vegetables and fungi, with addition of  lactic acid fermentation, create feasible dietary outcomes. 

However, only specific conditions related to one Dutch food forest, the Droevendaal Food Forest, were 

taken into account. The theoretical proof of the capability that the Droevendaal Food Forest can 

provide adequate levels of vitamin B12, without artificial supplementation seems promising for the 

design of future food forests. Further research  on fermentation of future foods like acorns, walnuts 

and chestnuts might create extra possibilities for the creation of future healthy and sustainable diets 

for mankind.  
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Introduction 
New ways of sustainable food production are needed to obtain the same standards of healthy foods 

for future generations. Food forest might be one of those new ways of production, creating higher 

biodiversity, increase water efficiency and decrease of erosion and nutrient leaching. But, food systems 

can only be truly sustainable when they fulfill the adequate nutritional needs for humans as well. 

Although research has been done about the possible positive environmental impact food forests can 

have, little is known about the nutritional aspects of the production. Since the main aim of a food 

forest is based on environmental principles and increasing biodiversity, most research is not focused 

on the nutritional aspects. Most other efforts on creating sustainable food systems have generally 

focused only on achieving adequate calories, rather than addressing micronutrient adequacy 

(Gustafson et al., 2016). A model is being developed by Wageningen University and Research (WUR) 

student Wendy Jenkins (MSc) to calculate the maximum nutritional efficacy of the Droevendaal Food 

Forest. The model will focus on, and calculate the amount of people that can be adequately fed on the 

1ha available area, all while still upholding the basic food forest structure.  

This conducted diet will consist of mainly plant based products, since cattle and other farm animals 

are not implemented in a food forest structure. In the Droevendaal Food Forest there is one small 

exception made due to the implementation of a certain amount of chickens on the field. Thus with an 

exclusion of eggs, the diet that the Droevendaal Food Forest supports will be vegan. These plant-based 

diets compared to meat-based diets have proven to reduce Green House Gas (GHG) emissions and 

improve global health  (Aleksandrowicz, Green, Joy, Smith, & Haines, 2016; Hallström, Carlsson-

Kanyama, & Börjesson, 2015). However, a diet with reduced GHG emissions is not necessarily a healthy 

diet. With a focus on creating more sustainable food systems it might be a challenge to secure 

adequate diets. An adequate diet implies that it meets energy requirements and provides sufficient 

nutrients, also known as reference values (RV). These RV’s are in line with the dietary guidelines for 

healthy growth and ageing (Maynard, 1959). Certain RV’s might be difficult to reach due to an 

insufficient amount of nutrients available in the provided food system. It is shown that a well-planned 

vegetarian or vegan diet can supply all the nutrients required for good health (Craig, Mangels, & 

Association, 2009). However, some concern remains over the possibility of low intakes in unfortified 

vegetarian or vegan diets. These concerning  nutrients include vitamin D, calcium, n-3 fatty acids and 

vitamin B12 (Craig et al., 2009). Especially vitamin B12 levels are most widely observed to be relatively 

low (Pawlak, Lester, & Babatunde, 2014). Since the diet produced by the Droevendaal Food Forest 

does not include any fortification,  reaching an adequate vitamin B12 status can be considered as a 

concern. Inclusion of appropriate meat and dairy substitutes could possibly increase the intake of these 

concerning nutrients, in such a way that they can provide all RV’s.  The aim of this BSc thesis is to find 

out which methods other than supplementation are possible to reach adequate levels of B12 for ten 

people following a vegetarian and vegan specific diet produced by the Droevendaal Food Forest. 
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An introduction to food forests and note of importance 
A food forest, also known as a forest garden, is a plant community created by humans. The idea of a 

food forest is to mimic natural ecosystems and patterns found in forests by using diverse edible plants 

and trees. The structure consists of multiple layers including vines, nut and fruit trees, shrubs, herbs, 

perennial and some annual vegetables. The goal and design of a food forest can be very different 

among each one but they have some factors in common. The primary aim for the system is to be 

biologically sustainable. A food system is created which copes with certain disturbances caused by 

climate change. Also, this systems requires very low maintenance compared to conventional 

agriculture (Sanchez, 1995).  

Food forests develop through succession. In the first state, input is relatively high but decreases to a 

minimum over time. These forests, when designed in a proper way, can have a lifespan of up to 

hundreds of years. Like natural forests, a food forest provides ecosystem services for its neighboring 

area. Besides increasing biodiversity, biomass and production of food, educational and recreational 

activities can be considered as extra added values. Over the last 30 years, interest in food forests has 

increased. In temperate regions of the world, food forests are considered a more recent innovation 

compared to tropical regions. Food forest like activities, such as silvopasture and agroforestry have 

been taken place for millennia in tropical regions (Crawford, 2014). These measures share an attempt 

to close nutrient loops, build soil fertility and enhance on-farm biodiversity. In the Netherlands a food 

forest needs to comply to certain rules and regulations before being officially qualified as one. At least 

three vegetation layers and a clear visible canopy should be present. With coverage of an area of 

minimum 0.5 ha in ecological rich areas and at least 20 ha in poor ecological surroundings (Rijksdienst 

voor Ondernemend Nederland (RVO), 2017). Soil, water and air around a specific food forest need to 

be clean to ensure a vital environment and thus manure and pesticides application is prohibited 

(Stichting Voedselbosbouw Nederland, 2017). 

Agriculture is a major contributor to climate change, but it can also be seen as a victim of its effects 

(FAO 2019). Global environmental changes drive the future of food security due to the rapid changes 

in biodiversity, land cover, availability of freshwater and nitrogen and phosphorus cycles (Ussiri, 2017). 

The resilience of production systems is at stake, due to the higher minimum temperatures, increased 

water demand, more variable rainfall and extreme climate events such as droughts and floods (FAO 

2019). This increase in extreme events, warming and changing patterns have already affected global 

food security (FAO 2019). With an eye on the still growing population and growing effects of climate 

change, a rise in interest in the development of more resilient and sustainable food systems is 

occurring. The United Nations (UN) even puts high priority on creating sustainable food systems, as 

this subject is stated in the UN sustainable development goals (United Nations, 2017). The focus lies 

on ways to create food systems in such a way that they are more resilient against the world’s changing 

circumstances and possible mitigation of climate change.  

Food forests have shown to be more resistant to certain stresses of climate change like periods of 

extreme drought and increasing temperatures compared to conventional agriculture (FAO 2019)s. 

Forests store about 45% of terrestrial carbon and thus, play a big role in global carbon cycling. Studies 

show that larger stocks of carbon can be caught when species richness is promoted (Liu et al., 2018). 

The much needed carbon storage can happen in the top- and subsoil with natural vegetation 

restoration and tree planting (FAO 2019). Use of perennial grains and perennial pasture phases, which 

are induced by certain farming systems such as agroforestry, reduce erosion and nutrient leaching. 

Overall, a food forest might not only be a more resilient and sustainable way of food production but 

might mitigate climate change induced stresses.  
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Methods 
In order to answer the primary question of this thesis, a qualitative literature research has been 

conducted. With the provided knowledge and information gathered from the search engines Google 

Scholar, PubMed and WUR library (SCOPUS) five sub questions will be answered. Main search terms 

used for Google Scholar are: 1) “Food Forest” AND diet (OR nutrition), 2) “vitamin B12” (cobalamin OR 

B12) AND bioavailability, 3) “vitamin B12” (cobalamin OR B12) AND Diet (nutrition OR food), 4) 

“vitamin B12” (Cobalamin OR B12) AND “Plant based” (vegan OR vegetarian). Reference sections of 

research articles were used to search for new articles. The articles used in this thesis are research 

articles published in English, Dutch and German. The retrieved data of the literature research is 

implemented in a theoretical model. This conducted model allows to create any further dietary advice 

and statements. The model and the five sub questions eventually provide an answer to  the primary 

question of this thesis: (How) can the Droevendaal Food Forest produce adequate levels of vitamin B12 

for ten adults per year on 1 ha, concerning a strict vegetarian / vegan diet? 

 
The five sub questions are as follows: 

▪ Which forms of vitamin B12 exists and are bioavailable for humans? 
▪ What are rich sources of plant-based vitamin B12? 
▪ Which elements are necessary for fermentation to create vitamin B12 rich foods? 
▪ Is reaching nutritional adequate levels of vitamin B12 feasible within a vegetarian / vegan diet 

without supplementing? 
▪ What implementations are there to be made in and around the Droevendaal Food Forest, in 

order to provide adequate levels of vitamin B12 for ten people? 
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Results 

Which forms of vitamin B12 exist and are bioavailable for humans? 
Vitamin B12 is a water-soluble molecule with a molecular mass of 1356 g/mol. Out of all known 

vitamins, this specific vitamin can be seen as the most chemically complex one known to mankind 

(Randaccio, Geremia, Demitri, & Wuerges, 2010).  Like all other B vitamins, B12 is water-soluble which 

means that the body expels all the excess which it does not need. Vitamin B12 is the term of the generic 

description for all corrinoids, a cyclic system which contains a tetrapyrrole ring. These corrinoid 

compounds contain a corrin nucleus which creates the binding site of a cobalt element [Co3+].  This 

cobalt element can be seen as the center of the molecule and forms, together with a porphyrin-like 

macro ring, an octahedral cobalt complex. All corrinoids that contain 5,6-dimethylbenzimidazole as the 

nucleotide ligand are known as cobalamins. Multiple forms of vitamin B12 are known to mankind, and 

this octahedral cobalt complex is what all these vitamers B12 have in common. A distinction between 

the different types of vitamin B12 can be made by certain bound small ligands in the beta position 

(above) of the central cobalt element and/or  a certain nucleotide binding to the ring system in the alfa 

position (below). The names of the resultant vitamers B12 are determined by the following different 

binding partners that form ligands in the alfa position. Respectively cyano- [CN-] (cyanocobalamin 

(CNCbl)), methyl- (methyl cobalamin (MeCbl)), 5’-deoxyadenosyl- (adenosyl cobalamin (AdoCbl)), or 

hydroxo- [OH] (hydroxocobalamin2 (OHCbl)) groups (figure 1). 

 

 
Figure 1. Vitamin B12 chemical structure and forms. R is bound to the upper (B-face). 

All above mentioned vitamers B12, with an exception of cyanocobalamin, are forms which can be 

naturally found in mammalian tissues.  Cyanocobalamin is industrially produced and since the cyanide 

ligand stabilizes the molecule from degradation, it is most commonly used in dietary supplements and 

fortification. Biosynthesis of the other vitamers B12 is limited to certain members of the prokaryotic 

world. Even though animals depend on this essential nutrient they do not synthesize it on their own 

(Roth, Lawrence, & Bobik, 1996). In the large intestine of humans, the intestinal flora produce ca. 50 

mg of cobalamins per day, which are, however, not resorbed (Moine et al., 2012). 

Digestion plays an important role in determining the bioavailability of vitamin B12. Naturally occurring 
vitamin B12 in foods is bound to proteins in a so called coenzyme form. With the help of heating, gastric 
acidification and proteolysis the vitamin gets released from these complexes. The digestion of vitamin 



8 
 

B12 starts with the salivary glands, they are responsible for the production of haptocorrin (HC), also 
known as R-binder protein or transcobalamin I (TC-I). HC binds immediately to food in the saliva and 
partially digests the food. Once in the stomach, with the presence of the protease pepsin, even further 
digestion is induced. Pepsin is formed in the presence of hydrochloric acid (HCl-), formed by parietal 
cells and pepsinogen, produced by chief cells. Pepsin releases Vitamin B12 from food and due to the 
high affinity with R-protein a new complex in the stomach is formed, the R-VB12 complex. Besides 
[HCl-] production, the parietal cells are responsible for another key substance in the uptake and 
transport of vitamin B12, the intrinsic factor (IF). IF functions as a transport-protein and plays an 
important role once the R-VB12 complex is transferred to the duodenum of the small intestine. In the 
duodenum, pancreas protease, released from the pancreas, is responsible for releasing the vitamin B12 

from the R-VB12 complex, which makes it possible for the IF to form a new complex with vitamin B12. 
The newly formed VB12-IF complex travels through the intestine to the ileum. In the ileum specific IF-
receptors, which are located on the lumen take up the VB12-IF complex and IF gets degraded in the 
lysosomal compartment. Through endocytosis the liberated vitamin B12 will be released in the 
cytoplasm. All forms of vitamin B12 that are absorbed in the blood are transported by TC-I and 
Transcobalamin-II (TC-II). In total 20% of the B12 binds to plasma proteins and forms TC-II, the other 
80% forms TC-I. Further absorption in tissues is induced in different ways. In the kidney, megalin, a 
multiligand receptor, is responsible for the absorption of TC-I, whereas in the liver and other extrarenal 
tissues, TC-II is internalized by receptor mediated endocytosis. A study observed that there are 
specialized TC-II receptors which are responsible for the delivery of vitamin B12 inside cells (Beedholm-
Ebsen, 2008). AdoCbl is bound only to TC-II compared to MeCbl, which binds to both TC-I as well as TC-
II. Due to this specific TC-I binding with AdoCbl, it appears that this form of vitamin B12 is more efficient 
in the delivery process (Beedholm-Ebsen, 2008). AdoCbl is predominant in most tissues compared to 
MeCbl (Nexø, 1977; Nexø & Andersen, 1977)The human placenta is found to be the only exception, 
where MeCbl is predominant (Matthews & Linnell, 1982). 
 
MeCbl and AdoCbl are the two bioactive coenzymes of vitamin B12. These two bioactive coenzymes, 

also known as vitamers B12, occur naturally in the human body as well as in animals. MeCbl is the 

cofactor of methionine synthase and can be found in the cytoplasma where cobalamin is converted 

into MeCbl and inside the mitochondria into AdoCbl. In the mitochondria the cobalt ion is reduced to 

the oxidation state [Co2+].  Adenosine triphosphate (ATP) powers the adenosylation of this oxidized 

cobalt atom. The bond between cobalt and carbon will yield a [Co2+]-vitamin B12 radical as well as an 

adenosyl radical which starts the rearrangement of the ligand and creates a product that forms a 

recombination of the adenosyl- and vitamin B12-radicals back into AdoCbl. Besides this process, AdoCbl 

acts as a coenzyme for another enzyme, methyl malonyl coenzyme A mutase. In the catabolic pathway 

of amino acids and odd-chain fatty acids (R)-methylmalonyl-CoA is converted into succinyl-CoA which 

catalyzes the conversion of (R)-methylmalonyl-CoA to succinyl-CoA. As far as known, no other 

mammalian enzymes are known to be reliant on B12 further than methylmalonyl coenzyme A mutase 

(Yamanishi, Vlasie, & Banerjee, 2005).  
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Figure 2. Trafficking and assimilation of all forms of cobalamin into mammalian cells 

Since the other two vitamers B12, OHCbl and CNClb, are no bioactive coenzymes they need to be 

converted to either one of the two bioactive forms in order to become active. Clinical studies have 

shown that addition of each of the four forms of vitamin B12 in the diet and / or supplementation 

improve vitamin B12 status (Obeid, Fedosov, & Nexo, 2015). This outcome suggest that there is no 

advantage over intake of one of the vitamers B12 than another, except related to cost (Obeid et al., 

2015). All forms of vitamin B12 CNCbl, MeCbl, OHCbl and AdoCbl – seem to be absorbed with similar 

efficiency in the bloodstream but differ in overall bioavailability, as reflected by their different affinities 

for the blood-transport binding proteins, cell receptors for B12 uptake, and intracellular enzymes 

involved in their conversion to intracellular cobalamin. All of the B12 vitamers are reduced to the core 

cobalamin molecule inside the cytosol and are further converted to the two active forms of B12- MeCbl 

and AdoCbl- irrespective of the form of vitamin B12 ingested. The form of ingested B12 may influence 

how much cobalamin is produced inside cells but not how it is converted to MeCbl and AdoCbl. 

Although there is no sufficient evidence to suggest that the benefits of using MeCbl or AdoCbl override 

that of using CNCbl or HOCbl, there is still a slight preference for the two bioactive coenzymes, since 

they are bioidentical to the B12 forms occurring in human physiology and animal foods (Paul & Brady, 

2017).  

Besides the four vitamers B12, there are some cobalamins known which the human body cannot use 

and thus, are not bioavailable.  These so called vitamin B12 analogues, also known as pseudo-vitamin 

B12, are one of several substances produced during certain anaerobic fermentation. Here, adenine is 

bound to the alfa ligand and a cyano-radical is formed as the beta ligand. They resemble the real 

vitamin B12 in such a way that they also binds to the transport molecules which is necessary for the 

uptake of vitamin B12, but with a 500-fold-lower binding affinity.  Since the capacity of this transport 

molecule is limited, the analogues occupy places intended for B12 and can possibly reduce the uptake 

of real vitamin B12 (Santos et al., 2007). 
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What are rich sources of dietary plant-based vitamin B12? 
Even though vitamin B12 is primarily concentrated in the bodies of predators higher in the food chain, 

synthesis of the vitamin is not enhanced by animals on their own. Vitamin B12 is unique in its de novo 

synthesis. The synthesis of complex molecules from simple molecules such as sugars or amino acids. 

Production appears to be restricted only to certain bacteria and archaea (Schneider & Stroński, 1987). 

Enterobacterium like Selenomona ruminantium,  Peptostreptococcus eladenii and Butyrivibrio 

fibrisolvens synthesize cobalt in the intestine  of ruminant animals into bioavailable vitamin B12 

(Dryden, Hartman, Bryant, Robinson, & Moore, 1962). The microorganisms found in the intestine of 

ruminant animals are also present in humans. However, the synthesized vitamin B12 is passed out in 

feces without being absorbed within the large intestine (Callender & Spray, 1962; Moine et al., 2012). 

Humans are completely dependent on dietary sources of vitamin B12.  Since coprophagy is out of the 

question as society is reluctant to this principle. Most common food sources are meat, eggs and milk 

products of such ruminant animals since the produced bioavailable vitamin B12 by their intestine flora 

gets stored in their muscles and organs (Watanabe, Yabuta, Bito, & Teng, 2014). Fish and shellfish are 

considered reasonable sources of vitamin B12 as well (Watanabe, 2007). In table A and B of the 

Appendix  major animal derived dietary sources according to the NEVO-table, USDA and Watanabe et 

al. (2007) of vitamin B12 are shown. 

 

Plants & edible algae 
There is a general consensus that plants cannot synthesize vitamin B12 and therefore, plant based 

produce seem to lack any vitamin B12. However, studies show that certain plants and fruiting bodies of 

fungus can possibly contain certain amounts of vitamin B12 (Wall 2000; Kysil 2014; Nakos et al., 2017). 

Wall (2000) found a symbiosis between the nitrogen fixing actinobacteria Frankia alni and actinorhizal 

plants. These microbes grow inside plant tissues and produce vitamin B12 in so called nodule 

endophytes in woody trees and shrubs. A study found that due to this symbiosis, vitamin B12 actually 

can be found in foods fermented by such bacteria, and plants which are symbiotic with Frankia alni, as 

sea buckthorn (Hippophae rhamnoids) and sweet gale (Myrica gale) (Kysil, 2014). Significant amounts 

of cyanocobalamin in Hippophae rhamnoides (37 μg/100 g dry weight), in Elymus, also known as sidea 

couch grass, (26 μg/100g dry weight) and Inula helenium, also known as horse-heal (11 μg/100g dry 

weight) have been examined (Nakos et al., 2017).  

Another plant that is rapidly gaining interest in the scientific world is Wolffia Globosa, also known as 

duckweed or water lentils. During a nutritional intervention with consumption of Mankai, the 

cultivated strain of Wolffia Globosa, an increase in serum vitamin B12 concentrations in humans was 

measured  (Kaplan et al., 2019). It seems that the B12 found in Mankai cannot be removed during a 

highly purified process, which indicates that the B12 is part of the plant biomass and not that of a 

bacterial contaminant. According to Kaplan et al. (2019) these endophytes bacteria, similar to the ones 

found in sea buckthorn are responsible for the B12 production.  Alas, this mechanism is not yet fully 

understood since the cultivation of duckweed is relatively new in the Western world. Very recently, a 

patent application in the United States has been published which patents a system and method for 

producing vitamin B12 enriched Duckweed Bacterial Culture (DBC) (Patent No. 15/571,440, 2018). This 

method includes the incubation of at least one lemnoidae species and at least one vitamin B12 

producing bacteria. The composition of the B12 content is said to be in the range of between 0.01 and 

about 100μg per 100g of said DBC (Patent No. 15/571,440, 2018).  

Azolla, a floating fern, seems to be rich in vitamin B12. Since it hosts a blue green algae Anabanema 

azollae which is responsible for the fixation and assimilation of nitrogen and is linked to vitamin B12 

production (Pillai, Premalatha, & Rajamony, 2002). However, no long term studies have been 
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conducted of the healthiness as a food stuff for human consumption (Sjödin, 2012). Cultivation of sea 

buckthorn, sweet gale and sidea couch grass all seem very promising in terms of reaching adequate 

levels of vitamin B12. In terms of the ferns duckweed and azolla, further research is much needed in 

order to make evidence-based conclusions and  any possible further implementations. 

Edible algae and seaweed are known to be rich in minerals, vitamins and dietary fiber (Wells et al., 

2017). With the help of IF-based competitive inhibition vitamin B12 levels in different edible algae and 

seaweed have been assessed. Dried green (Enteromorpha sp.) and purple (Porphyra sp.) lavers, also 

known as nori, are most widely eaten among edible algae and contain substantial amounts of vitamin 

B12 (Watanabe, Takenaka, Kittaka-Katsura, Ebara, & Miyamoto, 2002). In one determination of dried 

purple laver all four types of biologically active B12 compounds CNCbl, OHCbl, AdoCbl and MeCBl were 

found (Takenaka et al., 2001). The vitamin B12 compounds of dried green laver consisted of mainly 

OHCbl. According to Van Den Berg et al. (1988) 100g of dried nori contains approximately 68.8μg of 

vitamin B12. For the evaluation of the bioavailability of vitamin B12 found in edible algae and seaweed 

in human studies two essential factors should be taken into account. According to gastrointestinal 

digestion experiments, the digestion rate of vitamin B12 derived from dried nori is estimated to be 

approximately 50% (Miyamoto, Yabuta, Kwak, Enomoto, & Watanabe, 2009) therefore, large amounts 

of dried nori samples (>μg of B12/day) should be used in feeding experiments (Bito, Teng, & Watanabe, 

2017). Secondly, the determination of the precise content of vitamin B12 in dried nori samples used in 

human studies must be conducted  with the help of a liquid chromatography−electrospray ionization 

tandem mass spectrometry (Niu, Chen, Wang, & Zhou, 2010). When not using the right identification 

method, pseudo vitamin B12 is calculated in the total determination of vitamin B12 content of food. 

The effects of laver feeding were investigated in B12-deficient rats, in order to measure  biological 

activity in this specific type of nori. After 20 days of supplementation of 10μg vitamin B12/kgdiet, 

methylmalonic acid excretion, which is an indication of B12 deficiency, became undetectable within 

these B12-deficient rats and their B12levels increased significantly (Takenaka et al., 2001). Even though 

results of animal studies cannot be truly translated to humans, these results seem promising. Another 

study reported, during a nutritional analysis of six vegan children who had been following a so called 

genmai-saishoku diet, a diet consisting of brown rice, nori and unpeeled vegetables, might prevent B12 

deficiencies in vegans (Suzuki, 1995). Rauma et al. (1995) reported that vegans consuming nori (5.0μg 

vitamin B12/day) showed higher serum B12 concentrations than those whom did not. On the other 

hand, there are some counter active results which questions the bioavailability of vitamin B12 found in 

nori. The effect of dried nori on the hematological status of vegans has been reported by Dagnelie et 

al. (1991). An increase in plasma B12 concentration was measured but the mean corpuscular volume 

(MCV) was deteriorated further. These results indicate that B12 derived from nori can increase serum 

B12 levels but fails to improve the hematological index in cases of B12 deficiency. Even though a high 

consumption of Nori (5.0μg of B12/day) seems to increase the serum B12 levels in vegans. This effect is 

also indicated by indetectable vitamin B12 deficiency within the animal study. The contradictory of the 

latter two described studies makes it difficult to assess the true bioavailability of B12 derived from Nori.  

If nori products will be consumed as a sole vitamin B12 source, B12 compounds found in these nori 

products need to be determined and identified precisely. A definitive statement cannot be made, 

further than that more research is necessary to come to a positive or negative answer if nori is a good 

source of vitamin B12.  

Two other algae, Spirulina (Spirulina sp.) and Aphanizomenon flos-aquae (AFA), have very similar 

properties and both have been proven to contain corrinoids which are not bioavailable for humans. 

Pseudo vitamin B12 is the predominant corrinoid found (major 83%) of the vitamin B12 composition of 

spirulina (Watanabe et al., 1999). Multiple studies  (Herbert & Drivas, 1982; Miyamoto et al., 2006; 
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Watanabe et al., 1999) have shown that bio available vitamin B12 from spirulina as well as AFA is almost 

non-existent. For these reasons using spirulina and AFA as a plant based source of vitamin B12 is 

insufficient.  

Although many algae have questionable outcomes when it comes to bioavailable sources of vitamin 

B12, another variety of algae, Chlorella sp. has been reported to have certain abilities to take up and 

accumulate exogenous bioavailable vitamin B12 (Watanabe et al., 1997a). With these observations, an 

implication can be made that the uptake and accumulation of exogenous B12 in chlorella species might 

be derived from B12-synthesizing bacteria occurring in open culture systems. The accumulation of 

exogenous cobalamin occurred in fresh water concentrations containing up to 30 ng/liter(Schneider & 

Stroński, 1987). The vitamin B12 content in chlorella vulgaris does vary slightly across studies, values 

were determined from (127.0-136.97µg/100g dry weight) (Watanabe et al., 1997b) up to (200.9-211.6 

µg/100g dry weight) (Kittaka-Katsura, Fujita, Watanabe, & Nakano, 2002). These cells contained MeCbl 

(10%) and AdoCbl (29%) which suggests that Chlorella vulgaris C-30 has the ability to synthesize 

biologically active cobalamin coenzymes de novo (Watanabe et al., 1997b). Since it is unclear what 

physiological role cobalamin coenzymes play, further biochemical research is needed. Up until now, 

there is no sufficient evidence that suggests that chlorella alone could possibly cure a B12 deficiency. 

Even so, chlorella vulgaris seems to be one of the most promising candidates in the algae category as 

a plant based source of vitamin B12. Like nori, further research is needed to make grounded evidence 

based statements in order to imply chlorella as a dietary plant based source of bioavailable vitamin B12 

for humans. 

Many species of wild mushrooms are widely consumed. In Europe, six wild edible species are gaining 

popularity due to their nutritional and medicinal characteristics (Costa-Silva, Marques, Matos, Barros, 

& Nunes, 2011). Trace levels (0.01-0.09µg/100g dry weight) of vitamin B12 were measured in porcini 

mushrooms (Boletus sp.), oyster mushrooms (Pleurotus ostreatus), parasol mushrooms (Mavrolepiota 

procera) and black morels (Morchella conica). More promising are the vitamin B12 levels measured in 

black trumpet (Craterellus cornucopioides) and golden chanterelle (Cantharellus cibarius) which 

contain (1.09-2.65 µg/100 g dry weight) (Watanabe et al., 2012). The corrinoids found in these 

mushrooms are known to be bioavailable to humans, and do not consist of pseudo vitamin B12. Another 

promising mushroom species in which the vitamin B12 content is twice as high, or even more, as the 

golden chanterelle and black trumpet, are shiitake (Bito et al., 2014). The contents varied significantly 

between cultivars donko and koushin, respectively from (1.28-12.71µg/100g dry weight) and (4.43-

21.56µg as B12 equivalent/100g dry weight). No significant difference was found in cultivation on either 

sawdust substrate or bed logs as well as during the different fruiting stages. These three mushroom 

species, with the highest opportunity of shiitake, could possibly help in providing an adequate intake 

of vitamin B12. 

 

Fermentation of beans and vegetables 
One specific food production and preserving method has interesting outcomes when it comes to 

possible vitamin B12 production from plant-based sources. This process is fermentation. During 

fermentation bacteria, yeasts and other microorganisms chemically break down substances. 

Pathogens like Klebsiella pneumoniae, Rhizopus oryzae, Citrobacter freundii  and certain 

Propionibacterium (PAB) have been associated with adding opportunistic levels of vitamin B12 to 

certain plants and vegetable produce (Babuchowski et al., 1999; Okada, Hadioetomo, Nikkuni, Katoh, 

& Ohta, 1983). 
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Tempeh is one of these fermented produce. During traditional production of tempeh, soy beans are 
being fungal fermented. Most frequently occurring fungi as Rrhizosphere. oryzae, and R. oligosporus, 
Mucor indicus and predominant bacteria as Lactic acid producers and Enterobacteriaceae, also found 
in the intestine of ruminant animals, are used during this process (Nout & Rombouts, 1990). Vitamin 
B12 content in soy beans is low or even undetectable. But in the end product, tempeh, large amounts 
can be detected (0.7−8μg/100g) (Okada et al., 1983). Application of in situ fortification with certain 
bacteria is not limited to traditional soy bean-based tempeh. Lupin beans (Lupinu angustifolius) have 
shown to significant increase the vitamin B12 content, up to (0.97μg/100g) with a mixed starter of R. 
oryzae spores and P. freudenreichii (Wolkers – Rooijackers, Endika, & Smid, 2018). The food industry 
has made use of PAB for many years already. Propionic and lactic acid are used in the formation of 
different types of cheese as well as a way to extent shelf life (Babuchowski et al., 1999). Besides these 
benefits, the use of PAB in the production of fermented plant foods could possibly result in the 
enhancement of nutritional value of vitamin B12. Babuchowski et al. (1999)  enriched beet juices with 
Propionibacterium Freudenreichii and P. thoenii  and after a 14 day B12 levels of these enriched beet 
juices were found of (1.812μg/100mL) and (1.66μg/100mL). These results are a great difference 
compared to the control group (0.093μg/100mL) which composition lacked the former two bacteria.  
Other lactic fermented juices like fenugreek (Trigonella foenum graceum) leaves have shown to 
contain even higher levels of vitamin B12 (12.5μg/100mL) (Gupta, Rudramma, Rati, & Joseph, 1998). 
Cabbage on its own is a poor source of B vitamins (Babuchowski et al., 1999). But once fermented, the 

end product, sauerkraut,  contains certain amounts of vitamin B12 (2μg/100g). Although commercially 

made sauerkraut seems to contain much lower levels of vitamin B12 (0.13μg/100g), the implied 

fermentation with added PAB was responsible for significant higher vitamin B12 levels, of almost four 

times as high (7.1μg/100g) (Babuchowski et al., 1999). In situ fortification with certain bacteria seem 

to be more than promising in terms of reaching adequate levels of vitamin B12 for people following a 

plant-based diet. Other perennial crops, grown in a food forest such as Siberian Peashrub (Caragana 

arborescens), walnuts (Juglans regia), sweet chestnuts (Castanea sativa) and acorns (Quercus spp.), 

might have the possibility to undergo the same in situ fortifications.  They might have the possibility to 

be processed into alternative soybean tempeh like products. However, this has not been done before. 

These products are not on the market yet nor consumed to a significant degree by humans in the 

European Union before 15 May 1997 and thus can be seen as a possible novelty food (EFSA, n.d.).  Only 

assumptions can be made about the possibilities of alternative in situ forticifation. More research and 

insight is needed for any further statements and processing methods.  
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Which elements are necessary during fermentation in order to create vitamin B12 rich 

foods? 
Multiple studies, as reviewed in the second sub question, have suggested that through fermentation, 

certain microorganisms have the ability to enhance plant-based foods with vitamin B12. Under specific 

circumstances beans and vegetables are a medium for the microbial production of vitamin B12. 

Remarkable is that once we look at the data of vitamin B12 levels registered of fermented produce in 

the NEVO-table, tempeh and sauerkraut both contain (0.00 μg B12/100g). Compared to the reviewed 

studies (0.7-8μg B12/100g), this is a major difference. Additionally, in between studies major 

fluctuations can be found as well (e.g. sauerkraut 0.00-7.1μg B12/100g). There are multiple factors that 

could have been responsible for these differences in information provided of fermented products. 

These factors could include the different bacteria used during in situ fortification, duration and 

temperature at which fermentation takes place. However, other factors might influence the microbial 

formation of vitamin B12 as well. Within this sub question different factors which might influence these 

fermentation processes, and thus vitamin B12 production, will be discussed.  

 

Cobalt 
Already in 1824 the importance of cobalt in prevention of pernicious disease, which is linked to vitamin 

B12 deficiency, has been discovered (Martson, 1959). The syndrome was found in sheep  grazing in 

certain areas and is very similar to symptoms found in humans. These regions where pernicious anemia 

occurred consist mostly of coastal areas. During an intervention sheep responded to a high dosage of 

a mixture with soluble salts of heavy metals, including cobalt (Martson, 1959). Cobalt was found to be 

an essential micronutrient element and once added to the diet of rats and grazing animals, symptoms 

of pernicious anemia disappeared. The conclusion was made that lack of sufficient cobalt in the fodder 

in the affected areas was responsible for the occurring symptoms. A further link between interaction 

of cobalt and the metabolism and microbial activity in the  ruminants of animals has been made. 

Injection of cobalt directly into the bloodstream has been proven to be inactive in terms of treating 

the symptoms (Martson, 1959). The quantity of cobalt necessary to fulfill the nutritional requirements 

of ruminants is very small: the dose is equivalent to 1 mg cobalt per day. In order to meet the 

requirements of ruminal microorganisms to produce adequate vitamin B12 production, cobalt 

concentrations 0.10 to 0.15mg per kg of dietary matter is necessary (Tiffany, Fellner, & Spears, 2006).  

The addition of cobalt during the fermentation process increases vitamin B12 content of tempeh (Keuth 

& Bisping, 1994). Even though the concentration of incorporated cobalt was relatively low, Keuth and 

Bisping (1994) have shown the positive role cobalt can play in the microbial production of vitamin B12, 

not only inside but also outside the rumen of animals. It is interesting to look at cobalt levels in certain 

plants in further microbial fortification of plant-based vitamin B12.   

Even though cobalt seems to have no essential function in the economy of plants, the element can be 

found in various plant species. However, growth and metabolism of plants have been shown to be 

affected by the concentration and status of cobalt in soil (Willetts, Wong, & Kirst, 2016). Up until now 

the only physiological role cobalt has in described literature is the fixation of molecular nitrogen in root 

nodules of leguminous plants. These nitrogen fixers possess vitamin B12 and coenzymes (Bakkaus et 

al., 2005). A relatively old study found cobalt in 20 samples of the edible portions of plants collected 

from different soils (Bertrand & Mokragnatz, 1923). The amount of cobalt in plants is entirely 

dependent on species and cobalt concentration in the soil. Peas, beans, corn and wheat have been 

found to contain certain amounts of cobalt (Ahmad, 1939). The highest concentrations have been 

found in legumes, perennial grasses and the lowest in cereal crops. Examples of reviewed legumes and 

perennial grasses are the Siberian pea shrub, horse-heal and sidea couch grass. These species seem 
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interesting for future research and eventually, might even be implemented in a dietary plan.  The 

uptake and accumulation in algae, fungi and mosses is found to be influenced  by physical conditions 

like salinity, temperature, pH of the medium and presence of other metals, like copper and nickel 

(Willetts et al., 2016). In table D of the Appendix all reviewed cobalt concentrations of vegetables, 

cereals and beans can be found. Beet, carrot, cabbage, cowpea and spinach all seem to contain the 

highest trace amounts of cobalt. These vegetables and peas might be interesting for further 

implementation in the Droevendaal Food Forest and diet interventions. 

Taking soil composition of the Droevendaal Food Forest into account is relevant for any further 

implementation of certain assumptions conducted by the theoretical model. A soil analysis on the 

Droevendaal Food Forest has been completed in 2018 by Eurofins Agro. The analysis determined the 

nutrient content, composition and pH level of the soil. It also included Co-plant availability. Values 

were found of 95 g Co/ha, which is above the goal range of 15-25g Co/ha (See Appendix X). According 

to Willetts et al. (2016) copper concentration is a physical condition which can influence cobalt uptake 

and accumulation in plants. The Droevendaal Food Forest has a copper concentration of <70g Cu/ha. 

Soil pH has a major effect on the uptake of many elements. A soil pH of 4.9 was recorded which is 

lower than the optimum value of a pH between 6.0-7.0. Thus, the soil of the Droevendaal Food Forest 

can be seen as slightly acidic. It is known that cobalt becomes more available to plants at a lower pH 

level (Willetts et al., 2016). The lower pH that is found in the soil of the Droevendaal Food Forest might 

be beneficial for the uptake of cobalt in plants. Since cobalt concentrations are high and the pH is 

relatively low, uptake of cobalt by plants is not a concern. 

 

Microorganisms 
For many years microbial products have been used to enhance the quality of food and drinks. As stated 

before, production of vitamin B12 is restricted to microorganisms. Due to the complex chemical nature 

the entire de novo synthesis of this vitamin requires more than 30 genes (Roth, Lawrence, Rubenfield, 

Kieffer-Higgins, & Church, 1993). The following genera are known to be vitamin B12-producing species; 

Aerobacter, Agrobacterium, Alcaligenes, Azotobacter, Bacillus, Clostridium, Corynebacterium, 

Flavobacterium, Micromonospora, Mycobacterium, Norcardia, Propionibacterium, Protaminobacter, 

Proteus, Pseudomonas, Rhizobium, Salmonella, Serratia, Streptomyces, Streptococcus and 

Xanthomonas.  

In nature two routes exist in terms of vitamin B12 production: (1) an aerobic, oxygen dependent 

pathway and (2) an anaerobic, oxygen independent pathway. A schematic outline of the different 

vitamin B12 syntheses are shown in figure 3. 
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Figure 3 Schematic representation of the aerobic and anaerobic cobalamin synthetic pathways 

During industrial production of vitamin B12 two different types of bacteria are most commonly used 

i.e., Propionibacterium shermanii and Pseudomonas dentrificans. They are selected due to their rapid 

growth and natural high vitamin B12 productivity (Martens, Barg, Warren, & Jahn, 2002). Bacteria of 

the genus Propionibacterium have obtained the Generally Recognized As Safe status (GRAS) from the 

United States Food and Drug Administration.  

In situ fortification with certain bacteria carries promising results in terms of vitamin B12  production. 

Under the right circumstances Propionibacterium like P. freudenreichii and P. thoenii have shown to 

both individually, significantly increase B12 content of fermented vegetables and tempeh (Babuchowski 

et al., 1999; Wolkers – Rooijackers et al., 2018). It is known that especially bacteria like Klebsiella 

pneumoniae and Citrobacter freundii, which both belong to the family of Enterobacteriaceae, are 

responsible for vitamin B12 production and can be both present in tempeh naturally or added to a  

tempeh starter (Nout & Kiers, 2005). Other strains of bacteria, like tempeh starters as Rhizopus oryzae 

and Rhizopus oligosporus were not able to reach the same levels of vitamin B12. Once in situ 

fortification with C. freundii and K. pneumoniae was induced, acceptable amounts of vitamin B12 were 

detected.  

Another factor which possibly influences microbial vitamin B12 production during the experiment was 

the addition of acidophilus, a lactic acid bacteria (LAB). The addition of LAB was found to increase the 

concentration of vitamin B12 significantly after fermentation of fenugreek and cabbage. Bauchowski 

et al. (1999) examined that once PAB and LAB were put together in a fermentation process, levels of 

vitamin B12 increased significantly. During fenugreek fermentation, the lactic acid bacteria Pedicoccus 

pentosaceus was responsible for the high detected levels of vitamin B12 (Gupta et al., 1998). In situ 

fortification with PAB and enterobacterium seem to be more than promising in terms of reaching 

adequate levels of vitamin B12 for people following a plant-based diet. 
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Temperature and incubation time 
Optimal vitamin B12 production is coupled to the environment of  bacteria. Once temperatures are 

increased to the optimum of these microorganisms, higher levels of vitamin B12 were detected 

(Friedmann & Cagen, 1970). During tempeh production an increase of vitamin B12  formation was 

examined by raising the fermentation temperature from 24 °C to 32 °C. Simply due to the fact that the 

optimum of mesophilic bacteria growth is in the range between 20 °C and 40 °C (Keuth & Bisping, 

1994). Time plays another factor in corrinoid formation. During tempeh production with C. freundii 

with an increase of the incubation time to 42 hours, a significant increase of up to (9.7 ng vitamin B12/g 

dry weight) was observed. After these 42 hours, the vitamin B12  content decreased (Denter & Bisping, 

1994). Vitamin B12 concentration and incubation time have shown to play a role in fermentation of 

beet juice as well (Babuchowski et al., 1999). After one day of fermentation almost no vitamin B12 could 

be detected. 14 days later, levels of respectively (1.812μg/100mL) and (1.66 μg/100mL) were found. 

Optimum growth is very strain specific and these factors should be taken into account during 

fermentation processes. This in order to reach the highest vitamin B12  production. 

To conclude, fluctuations found in the production of vitamin B12  found in between studies  can be 

explained due to experimental conditions. When looking closely at the vitamin B12 concentrations of 

tempeh products and fermented vegetables, we can state that a combination of in situ fortification 

with LAB and  bacteria like K. pneumoniae and C. freundii as well as P. Thoenii  and P. freudenreichii are 

held accountable for the microbial production of vitamin B12. In order to reach adequate levels of 

vitamin B12 these PAB and LAB and their optimum conditions should be taken into consideration during 

fermentation processes. Other factors influence levels of vitamin B12 as well. Cobalt levels in plants, 

incubation time and temperature are all factors that play an important role.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



18 
 

Is reaching nutritional adequate vitamin B12 levels feasible within a vegetarian / vegan 

diet without supplementing? 
In order to answer the fourth sub question a clear description of what adequate levels of vitamin B12 

are, should be given. Dietary reference values, also known as population reference intake (PRI) and 

average requirements, are set by The European Food Safety Authority (EFSA). For women and men 

over age 18 the adequate intake (AI) of vitamin B12 is set at 4.0 μg/day (EFSA, 2015). The AI for pregnant 

and lactating women is higher, respectively  4.5 μg/day and 5 μg/day. The similar Recommended Daily 

Allowance (RDA), which is used by the United States Department of Agriculture (USDA), is a bit lower 

than the EFSA. This RDA of vitamin B12 for adults is set at 2.4 μg/day Bor et al. (2010) reported that  the 

daily vitamin B12 body loss is estimated to be around 5-6 μg/day. An intake of around 6 μg/day appears 

to be sufficient to maintain a steady-state concentration of plasma vitamin B12. According to the 

Netherlands Nutrition Center, Dutch recommendations of AI are set at 2.8 μg/day (Voedingscentrum, 

2012). This value falls in between the values of the AI of EFSA and RDA of the USDA. Even though the 

fact that the Droevendaal Food Forest is located in the Netherlands, the highest reference value will 

be used. In this way, the range of vitamin B12 will be covered and secured in all scenarios and 

recommendations (Table 1). 

Table 1. Set recommendations according to different authorities and literature 

Authority / literature Recommendation (μg/day) 
EFSA 4.0  
USDA 2.4  
Nutrition Centre of the Netherlands 2.8   
Bor et al. (2010) 6.0  

 

With the data retrieved from the reviewed literature, the six highest vitamin B12 products have been 

determined. Later on, data was added to the model of Wendy Jenkins (MSc). This conducted model 

includes a data base with over 300 different species and has the ability to calculate adequate intake 

levels of micronutrients. With these results the number of people can be generated that can be fed 

theoretically by the Droevendaal Food Forest once selected species are implemented in the overall 

food forest design. In the following calculations and dietary advice, data was analyzed according to the 

retrieved data and conducted model. Highest levels of vitamin B12 retrieved from the literature data 

have been used in these calculations. Given the literature study, edible algae and seaweed seem 

questionable in terms of reliability of true vitamin B12 levels due to the lack of scientific proof and 

significance. Although duckweed and azolla seem to have potential in terms of reaching adequate 

levels of vitamin B12, more research about these ferns is necessary in order to make any further 

scientific statement and reliable calculations. Therefore, edible algae, seaweed and  ferns are not taken 

into account in these calculations. The six products which were included consisted of sea buckthorn, 

shiitake, black trumpet, lupin tempeh, beet juice and sauerkraut. Nutritional values of all these 

products were taken into account in the supposition that  the right processing procedures, given the 

outcomes of sub question 3, and presence of the right microorganisms were present and used.  

In order to reach the recommended intake for vitamin B12 according to the highest reference value, a 

total of 42 μg vitamin B12 should be consumed weekly per person. Table 2 shows an example what one 

person should weekly consume, according to the model (see figure A of Appendix). Weekly intake was 

used in order to create more flexibility in daily meal planning . This is a theoretical dietary advice of a 

possible combination with the six formerly introduced products. Different proportions and 

combinations can be made depending on the taste preferences of the individual. 
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Table 2. Example of a dietary advice of a person’s weeks’ worth of consumption in terms of reaching adequate levels of 
vitamin B12 

Product Grams (fresh 
produce)  

μg  vitamin B12 

Shiitake 60 0.34 

Black trumpet 60 0.16 

Lupin tempeh 500 4.58 

Sauerkraut 420 29.82 

Sea buckthorn berries 100 0.57 

 
Product mL μg  vitamin B12 

Beet juice 400 6.64 

 
This specific dietary advice containing the six products will add a total of 42.43 μg of vitamin B12 per 

week into a person’s diet. The result of this model and the calculations even state a 0.43 μg surplus of 

vitamin B12. This shows that adequate levels can be reached once all optimum scenarios are present.   

In terms of feasibility of the diet, implementation of these specific quantities of the six products  seems 

reasonable. When taking into account the health aspects we can look at the Dutch dietary guidelines 

and recommendations, also known as ‘de Schijf van Vijf’. Products such as mushrooms, lupin tempeh 

and berries of the sea buckthorn are all in line with these guidelines (Nutrition Centre of the 

Netherlands, 2016). According to the Nutrition Centre of the Netherlands, tempeh is a proper meat 

replacer and consumption of 700 grams of meat (or replacers) per week is recommended. 

Consumption of berries, sauerkraut and mushrooms are part of the daily recommendations of 250 

grams of vegetable and 200 grams of fruit. Beet juice does not fall in line with the dietary guidelines. 

However, the beet juice selected by the Nutrition Centre of the Netherlands is store bought and non-

fermented. Most of these store bought vegetable juices contain added sugar. During fermentation 

some sugars are being transformed into lactic acid. Thus, fermentation creates lower sugar content in 

fermented beet juice compared to non-fermented beet juice.  Since  beet juice derived from the food 

forest undergoes a fermentation process, sugar content is assumed to be lower. According to the 

dietary guidelines, a person can eat or drink a total of three products a week outside of the 

recommended dietary guidelines. 400 mL of beet juice is equivalent to two small glasses (200 mL). This 

shows, that the dietary advice, including two glasses of fermented beet juice, is still in line with the 

overall Dutch recommendations. The total of the dietary advice is not only feasible but can be 

considered as a healthy addition to the overall diet of a person. Further variation in the dietary advice 

can be found in figure B and C of the Appendix. 

Berries of the sea buckthorn and fermented beet juice are not very common in the Dutch diet. Even 

though encountering new foods is becoming all the more common, relating to novelties in everyday 

life might be ambiguous (Grunert et al., 2001). Other novelty foods such as duckweed and azolla might 

evoke resistance and doubts once introduced into the Dutch diet. These foods are mostly unknown 

and require novelty-reducing explanations before acceptance is possible. The unfamiliar has to be 

turned into the familiar in order to be widely accepted into the overall diet. Since other forest foods 

as lupin tempeh, and the possible fermentation of sweet chestnuts, Siberian peas and acorns are not 

very common in the Dutch diet, this might be a challenge. Social representations might be a 

construction which could work in the overall acceptance of food forest products in the daily diet of 

people (Moscovici, 1981). 
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What implementations are there to be made in and around the Droevendaal Food 

Forest, in order to provide adequate levels of vitamin B12 for ten people? 
Given the theoretical dietary advice of sub question 4,  a translation to a crop production plan for the 

Droevendaal Food Forest can be made. All in order to fulfill the adequate intake of vitamin B12 for 

approximately ten people. The calculations of precise quantities of the six products all together can be 

found in the Appendix. According to these calculations the  necessary harvesting results are shown in 

the table below per person as well as per ten people. 

 
Table 3. Required harvest per year in terms of reaching adequate levels of vitamin B12 with set dietary advice 

Product Amount per 
person (kg) 

Amount per 10 
people (kg) 

Total m2  

Sea Buckthorn 
berries 

2.6 26 2.374  

Shiitake 3.12 31.2 1.040  
Black Trumpet 3.12 31.2 1.248  
Lupin beans 20.8 208 46.22  
Beets 16.64 166.4 18.66  
Cabbage 18.66 186.6 71.11  

 
In order to reach adequate nutritional levels of vitamin B12 with this specific dietary advice a total area 

of 140.7 m2 is needed. Average production rates solely  based on monocropping were used. Since no 

harvesting data was available with the seven layer design of a food forest. True production rates of the 

food forest can be lower or higher compared to retrieved data. Therefore these square meter 

calculations resume theoretical. Calculations can be found in table E of the Appendix. With the model, 

various dietary advices and adjustments can be made according to the production state of the food 

forest per year or even, per month. Further implementation of these six plants and fungi can be made 

since necessary quantities are now known to fulfil the need of ten people. Further design and crop 

implementation can be done  in such a way that they are in line with the values and present rules of 

which a food forest should conform to. Since the model was not fully developed once retrieved data 

was added, a specific design for the food forest cannot be conducted yet. 

Besides producing and implementing the six products in the design of the food forest, further 

processing plays an important role in reaching adequate levels of vitamin B12. The four formerly 

described microorganisms P. freudenreichii, P. thoenii, C. freundii and K. pneumoniae as well as lactic 

bacteria should be used in the fermentation processes. In order to reach optimum levels, quality of 

bacteria and most favorable facilities should be implemented. Facilities should be designed in such a 

way that they create the optimal circumstances for production and overall storage conditions of 

harvested and processed products. Fermentation should take place at temperatures between 24-30 

°C. Optimal duration of fermentation varies in between products. Beet juice and sauerkraut should be 

fermented for fourteen days and lupin tempeh has an optimal incubation time of 42 h. Certain other 

factors should be taken into account such as shelf life of products and possible degradation of vitamin 

B12. As stated, cyanocobalamin stability is affected by light and therefore products should be kept in a 

dark place. However, there is no sufficient research information available about the state of 

degradation of vitamin B12 other than by light. Therefore, all storage advice is based on general storage 

recommendations for the six products. 

Longest shelf life is guaranteed when all six products are kept refrigerated (1-4 °C), frozen or freeze 

dried and additionally, kept in a dark place. In chilled circumstances mushrooms and sea buckthorn 

berries should be kept in paper bags. But once frozen or dried they can be preserved even longer. 
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Lupin tempeh can be kept frozen as well. Maximum shelf life of the six products under different 

circumstances is shown in table 4. 

 
Table 4. Maximum shelf life dependent on storage conditions 

Product Refrigerated Frozen Dried 

Sea Buckthorn berries 30 d 12 m 4 y 

Shiitake 14 d 12 m 4 y 

Black Trumpet 14 d 12 m 4 y 

Lupin tempeh 10 d 12 m x 

Beet juice 6 m x x 

Sauerkraut 6 m x x 

 

In order to attain a maximum amount of vitamin B12 in the food forest, special attention should be paid 

to fermentation processes, storage procedures and specific implementation of the six products in the 

overall design. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D = days 
M = months 
Y = years 



22 
 

Discussion  
This literature review investigated a new way of sustainable food production systems, which are 
needed to obtain healthy foods and diets for future generations. Most work on creating sustainable 
food systems has generally focused only on achieving adequate calories, rather than addressing 
micronutrient adequacy (Gustafson et al., 2016).  
 
Other methods than artificial supplementation have shown potential in terms of reaching adequate 
levels of B12 for ten people following a vegetarian and vegan specific diet produced by the Droevendaal 
Food Forest. With the implementation of specific processing techniques. These methods include the 
use of the four proven microbial vitamin B12 producers which include the bacteria K. pneumoniae, C. 
freundii, P. Thoenii  and P. freudenreichii (Babuchowski et al., 1999; Keuth & Bisping, 1994; Wolkers – 
Rooijackers et al., 2018). All four are GRAS certified and commonly used in the food industry. However, 
the combination with different LAB and further in situ fortification with other bacteria has not been 
reviewed yet.   
 
The structure of a common food forest consists namely of multiple layers including vines, nut and fruit 
trees, shrubs, herbs and mostly perennial vegetables. In the model some products from annual and 
biannual plants, like cabbage and beets, were used. It is questionable if annual and biannual plants can 
be considered in line with the definition of a food forest. At the moment some annual vegetables are 
grown in the Droevendaal food forest and thus, there seems no exceptional problem in the use and 
growth of cabbage and beetroot. However, once decided no annual crops can be produced in the food 
forest, the dietary advice should be adjusted. Calculations possibly need to be altered and feasibility 
of any new dietary advice should be revised. Since most vitamin B12 in this specific advice is derived 
from fermented beet juice and sauerkraut (6.64 μg vitamin B12 and  29.82 μg vitamin B12 per week 
respectively).  
 
Great variation of vitamin B12 was found in between plant species as well as in between processed 
products. Many factors could play a role in the occurrence of these variations. According to the NEVO-
table and the USDA tempeh and sauerkraut both contain (0.00 μg B12/100g). But even differences are  
to be found in between NEVO-tables and USDA values. The USDA shows some positive results for 
shiitake and black trumpet in terms of vitamin B12 content while NEVO-tables states vitamin B12 in 
mushrooms is not to be found. The variations in between studies can be partly explained by different 
methods used during the determination of vitamin B12  (Niu et al., 2010). A wide range of vitamin B12 
could be found in sea buckthorn as well (4.58-37.01 μg vitamin B12 respectively). This wide range can 
be explained by different plant extracts derived from different locations, and thus different 
composition of nutrients and microbial activity in the soil. In these different soils, the assumption was 
made that different composition of microorganisms play a role in the vitamin B12 content of the berries 
(Nakos et al., 2017).  Since the mechanism found between bacteria and certain plants is not fully 
understood, it is hard to tell what role this symbiosis plays in the found vitamin B12 content. Thus, the 
soil composition of the Droevendaal Food Forest might play an important role in the symbiosis of 
microorganisms and vitamin B12  content. Same goes for the vitamin B12 levels measured in different 
cultivars of shiitake (1.28-12.71µg/100g dry weight & 4.43-21.56µg B12 /100g dry weight) and black 
trumpet (1.09-2.65µg/100g dry weight and ). Overall, nutritional determination and differences within 
nutrition institutes occur and make it difficult to conclude true vitamin B12  content in products. 
Physical levels of vitamin B12  can actually be less than the theoretical values.  Since the values within 
the model uses best case scenarios with highest reachable vitamin B12 content. Values of the six 
products with a high variability in vitamin B12 content should be measured in the Droevendaal Food 
Forest in order to retrieve more precise data with true vitamin B12 levels. 
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Another explanation of high variability in vitamin B12 content could be due to the occurrence of 
contamination of soil or other microorganisms during determination. Besides these methodology 
errors, differences in vitamin B12 content in products can be held accountable at the production level. 
Composition of microorganisms, temperature and incubation time all seem to influence vitamin B12 
levels of fermented products. The addition of cobalt during fermentation processes increased vitamin 
B12 content of tempeh (Keuth & Bisping, 1994). However, these values were minimal and only 
researched within soybean based tempeh. Since lupin tempeh is a relatively new product and limited 
literature is available, more research is necessary. Other beans, nuts and seeds of which can be grown 
in the food forest might be interesting for alternative tempeh production to soybeans or lupins. Beets, 
cabbage and carrots seem to contain highest amounts of cobalt of all vegetables. However, there is no 
scientific evidence available which states that higher cobalt levels in these specific vegetables influence 
vitamin B12 content during fermentation. Further investigation into the overall  cobalt topic might be 
interesting in order to increase vitamin B12 content in fermented vegetables and tempeh.  
 
One factor which has not been included extensively into this literature study is degradation. Since no 
articles were found solely about the degradation state of vitamin B12 and the six reviewed products. 
This aspect raises questions about the nutritional status of vitamin B12 content seen over a longer 
period of time. Storage is an important element which should be taken into account due to the fact 
that time of harvesting is period and/or seasonal dependent and influences the conducted diet. Up 
until now the only factor found to have influence on the degradation state of vitamin B12 is natural 
light. Further research is necessary in terms of determining the degradation state of the six products 
and optimal storage conditions.  
 
Most of the literature reviewed of edible algae, seaweed and ferns show very contradictive outcomes 
when it comes to bioavailability of vitamin B12. Therefore, their data was not used in the calculations 
of the conducted diet. However, all three seem to carry potential in future plant-based vitamin B12  
production. Especially ferns seem interesting to add into the food forest design. Up until now no 
sufficient data is available and special production processes of duckweed have been patented. This 
patent might create difficulties in terms of further implementations in the food forest and data 
research. In addition, no long term studies have been conducted of the healthiness as a food stuff for 
human consumption (Sjödin, 2012). Therefore, any further statements about the inclusion of ferns and 
algae cannot be made. Although much research has been conducted about the bioavailability of 
different algae there is no consensus about the actual bioavailable vitamin B12 content. This does not 
only raise questions about the uptake of vitamin B12 from algae but other plant-based produce as well. 
Babuchowski et al. (1999) found bioavailable forms of vitamin B12 in sauerkraut and fermented beet 
juice and the other four described products seem to contain bioavailable vitamin B12 as well. 
Nevertheless, there is no data available or studies to be found about the actual uptake by humans. 
Therefore, in this thesis assumptions were made upon maximal uptake of bioavailable vitamin B12 
derived from the six products. 
 
In terms of what one person should consume on a weekly basis, the dietary advice seems feasible. 
Since the conducted advice is in line with the overall Dutch dietary recommendations and guidelines 
(Nutrition Centre of the Netherlands, 2016). Some products, as sea buckthorn berries and fermented 
beet juice, are not very common in the Dutch diet.  Even though encountering new foods is becoming 
all the more common, relating to novelties in everyday life might be ambiguous (Grunert et al., 2001). 
Moreover, these food forest products are mostly unknown and uncommon within the diet of people. 
These products require novelty reducing explanations before overall acceptance is possible. 
(Moscovici, 1981). This might not only creates a challenge solely of the addition of these vitamin B12 

rich food products. Other products derived from a food forest might be seen as uncommon and require 
explanations and introductions before overall acceptance is possible. 
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In terms of feasibility of the growth of these products in the food forest not much can be said upon 
now. Since the model by Wendy Jenkins was not fully developed when the outcome of this conducted 
literature study was added.  In a future, completed model more can be stated and calculated about 
any further implementations and feasibility of the design of the Droevendaal Food Forest. Besides, in 
this literature study, only articles were included which focused on plant species which can be grown in 
the Netherlands. The conducted dietary measures can be seen as limited or repetitive over a longer 
period of time. Within this research specific conditions related to the Droevendaal Food Forest were 
taken into account. Shiitake and sea buckthorn are already being grown within the food forest. This 
factor put a limitation on the model and its conducted dietary advice. It would be interesting to look 
further into different plant species and product development. Besides lupin and soy fermentation and 
the formerly described vegetables, different seeds, nuts and perennial vegetables might have the 
possibility to be in situ fortified with vitamin B12. Future foods that are produced in a food forest such 
as sweet chestnuts, walnuts, acorns and Siberia peas carry potential in production of vitamin B12 by 
fermentation. In this way more diversity can be created in the diet derived from a food forest. Since 
the model and time were limited, calculations were done with only six products. Formerly reviewed 
species as sidea couch grass, sweet gale and horse-heal were not added into the model. More  research 
time is needed in order to include these species in the model and dietary plan. A more diverse dietary 
plan can possibly be achieved when taking this theory a step further than within the Droevendaal Food 
Forest. Cultivation of other plant species and microorganisms in different climates and circumstances 
might be interesting for further investigation. In this way not only the ten people fed from the 
Droevendaal Food Forest reach adequate levels of vitamin B12 but other people worldwide have the 
possibility to do so. However, the model is intrinsically limited it cannot capture the real world 
complexity as a whole. For this reason, the results stated in this literature research remain theoretical. 
Further real life experiments and observations in the Droevendaal Food Forest are necessary to make 
any further statements about reaching adequate levels of vitamin B12 for ten people fed from the food 
forest. 
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Conclusion 
The retrieved literature and model implementation have shown that theoretically, it is possible for a 

one hectare food forest to provide ten people with adequate levels of vitamin B12, without artificial 

supplementation. In situ vitamin B12 fortification of six perennial and biennial vegetables and fungi, 

with addition of  lactic acid fermentation, create dietary outcomes which are feasible and in line with 

the overall Dutch dietary guidelines. The six reviewed and implemented cultivars include sea 

buckthorn, shiitake, black trumpet, lupin beans, cabbage and beets. Within future studies, more 

research is needed on the actual derived vitamin B12 content of such products. To create a more 

complete dietary advice further optimization of storage conditions and possible degradation state of 

vitamin B12  of future food products derived from the Droevendaal Food Forest should be investigated.   

In situ fortification seems promising with other future foods derived from a food forest such as sweet 

chestnuts, walnuts, acorns and Siberia peas. These possible novelty foods seem promising in providing 

ten people adequate levels of vitamin B12 solitary fed by a one hectare food forest. 
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Appendix  

TABLE A: Vitamin B12 content according to NEVO-tabel 
Foods Vitamin B12 (μg/100g) Foods Vitamin B12 

(μg/100g) 
Meats 

 
Fish, Sea Food 

 

Beef 1.74-2.19 Herring 13.00 

Beef brain nv Salmon 3.50-5.02 

Beef kidney 15.00 Trout 5.72 

Beef liver 98.00 Tuna 2.35-4.00 

Beef liver 
(raw) 

129.54 Clam 19.16 

Chicken 0.20-0.29 Oysters 16.20 

Chicken liver 35.00 Lobsters 2.50 

Ham 0.61 Shrimp 2.30 

Pork 0.37-0.86 Vegetables, grains, fruits 
 

Turkey 2.44 Other 
 

Dairy 
Products 

 
Eggs, whole 1.54 

Milk 0.45 Egg whites 0.89 

Cheeses 0.30-2.10 Egg yolk 3.80 

Yogurt 0.24-0.39 Tempeh 0.00 

 

TABLE B: Vitamin B12 content according to USDA 
Foods Vitamin B12 (μg/100 g) Foods Vitamin B12 

(μg /100 g) 
Meats 

 
Fish, Sea Food 

 

Beef 1.38-3.17 Herring 13.14 

Beef brain 10.10 Salmon 3.26-4.48 

Beef kidney 24.9 Trout 6.3 

Beef liver 83.13 Tuna 2.55 

Beef liver 
(raw) 

59.30 Clam 40.27 

Chicken 0.27-0.32 Oysters 16-19.13 

Chicken liver 9.48 Lobsters 1.43 

Ham 0.65-1.06 Shrimp 1.21-1.87 

Pork 0.43-1.11 Vegetables, grains, fruits 
 

Turkey 0.36-1.65 Other 
 

Dairy 
Products 

 
Eggs, whole 0.89 

Milk 0.38-0.5 Egg whites 0.09 

Cheeses 0.29-2.28 Egg yolk 1.95 

Yogurt 0.75 Tempeh 0.08 
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TABLE C: Vitamin B12 content according to reviewed literature  
Foods Bioavailable Vitamin B12 (μg/100g dry weight) 

Plants 
 

Hippophae rhamnoides*  37.01 

Hippophae rhamnoides (Bio cultivation) 4.58 

European varieties of Elymus repens (grinded)  25.83 

Inula Helenium* 10.62 

Wolffia Globosa 0.01-100 

Mushrooms 
 

Boletus spp. 0.07 (± 0.03 SD) 

Pleurotus ostreatus 0.01 (± 0.01 SD) 

Morchella conica 0.00 (± 0.00 SD) 

Craterellus cornucopioides 2.43 (± 1.41 SD) 

Cantharellus cibarius 1.48 (± 0.55 SD) 

Lentinula edodes 
 

Donko-type 5.61 (± 3.34 SD) 

Koushin-type 4.23 (± 2.42 SD) 

Algae 
 

Enteromorpha sp. 68.8  

Porphyra sp.** 25.07 (± 0.54 SD) 

Porphyra sp.*** 32.26 (± 1.61 SD) 

Spirulina sp. X 

Aphanizomenon flos-aquae 200.9-211.6 

Chlorella sp.** 201.3-285.7 

Chlorella sp.*** 201.3-285.7 
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TABLE D: Cobalt content according to reviewed literature  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE E: Calculations on square meters 
Species Average 

kg/m2 
necessary 
kg 

total 
m2 

Sea 
buckthorn 

10.95 26.00 2.374 

Shiitake 30.00 31.20 1.040 

Black 
trumpet 

25.00 31.20 1.248 

Lupin  4.500 208.0 46.22 

Cabbage 10.00 186.6 18.66 

Beetroot 2.340 166.4 71.11 

Species 
 

Cobalt (p.p.m.) 

apples (Malus domestica) 0.01 

beet (Beta vulgaris) 
 

tops 
 

0.40 ± 0.03 

roots 
 

0.07 ± 0.01 

broccoli (Brassica oleracea var. Italica) 0.02 

brusselsprouts (Brassica oleracea var. 
Gemmifera) 

0.01 

cabbage (Brassica oleracea var. Capitata) 0.03 

carrots (Daucus carota subsp. Sativus) 0.02 

celery (Apium graveolens) 0.02 

cowpea (Vigna unguiculata) 0.16 ± 0.02 

cucumber (Cucumis sativus) 0.01 

leeks (Allium ampeloprasum) <0.01 

lettuce (Lactuca sativa) 0.01 

onions (Allium cepa) <0.01 

pears (Rosaceae amygdaloidae) 0.02 

plums (Prunus subg. Prunus) <0.01 

potatoes (Solanum tuberosum) 0.02 

rhubarb (Polygonaceae rheum) <0.01 

spinach (Spinacia oleracea) 0.05 

swedes (Brassica napobrassica) 0.01 

sweet potato (Ipomoea batatas) 0.03 0.01 

tomatoes (Solanum lycopersicum) 0.01 

watercress (Nasturtium officinale) 0.02 



34 
 

FIGURE A. Output of the theoretical model 
 
SHTK = Shiitake    SBCK = Sea Buckthorn 
FLPN = Fermented lupin beans  SAUR = Sauerkraut 
BJCE = Fermented Beet juice  BTRM = Black trumpet  

μg 
μg 



35 
 

 

FIGURE B. Conducted dietary advice version 1 
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FIGURE C: Conducted dietary advice version 2 
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