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Executive summary 

Moringa oleifera tree also known as the “Miracle Tree” has a gaining interest among health-conscious 

consumers globally for its nutritious leaves. Dried leaf powder is considered to be a superfood and is 

seen as a potential nutritional supplement that could be used in intervention strategies against 

malnutrition. This rising demand creates opportunities for value chain development in countries where 

M. oleifera is cultivated such as the Republic of Ghana, the Republic of India, and the Republic of Kenya.  

There are various claims present about M. oleifera fresh/raw leaves and powder miraculous nutritional 

characteristics. In this research, the complex issues of M. oleifera nutritional content are discussed. The 

potential risks that are associated with nutrient content loss and product quality degradation 

throughout all production steps of M. oleifera leaf powder creation are analysed and potential 

prevention strategies are presented. 

M. oleifera fresh/raw leaves nutritional content is compared to other commonly consumed dark green 

leafy vegetables in Ghana, India, Kenya, and internationally. From this comparison, it has resulted that 

M. oleifera fresh/raw leaves have overall higher vitamin, mineral, and protein content than Amaranthus 

spinosus, Brassica oleracea var. capitata, Colocasia antiquorum, Coriandrum sativum, Spinacia oleracea.  

M. oleifera tree should be cultivated in an environment that meets the tree’s requirements for optimal 

growth. The set requirements are based on environmental conditions that are most favourable for the 

tree’s development such as soil texture, soil pH, soil moisture level, light, temperature, hardiness zone 

and altitude. When meeting these requirements during the application of cultivation practices, a tree 

without inhibiting genetic variations should achieve optimal growth and development of M. oleifera 

leaves. There are certain risks associated with the application of poor cultivation practices, for example 

over- and under-watering can cause root system degradation and soil erosion or lead to a poor nutrient 

uptake and photosynthesis rate of the tree. Therefore, growers should refer to the provided advice on 

best cultivation practices for optimal nutrient uptake by the tree and their application, which are given 

in the report. 

M. oleifera leaves nutritional composition and food safety can be affected during all processing steps of 

powder production. Nutrient stability can be influenced by diverse factors, which can lead to nutrient 

denaturation, oxidation, leaching, etc. Therefore, preventive measures that limit the exposure to 

oxygen, light, heat, and metal contaminants are presented in the report. The requirements for nutrient 

retention do not always meet food safety standards, which can lead to unavoidable nutrient loss. 

Hygiene and overall quality of the final product should be maintained throughout the production by 

applying preventive actions and meeting food safety standards. 

It can be stated that the consumption of M. oleifera can contribute to the nutritional state of an 

individual to a certain degree based on daily Recommended Nutrient Intake. However, the 

bioavailability and digestibility properties of the nutrients present in the leaves and powder are not 

univocally agreed upon in the scientific field. 

In the conclusion of the report, it is indicated that M. oleifera has an overall high nutritional composition 

and can potentially play a positive role in increasing daily nutrient consumption. However, it is advised 

to apply preventive measures to lower the risk of nutrient and quality loss during cultivation, processing, 

and storage of the product, which can be troublesome for producers in developing countries. Execution 

of in vivo clinical trial-based studies is advised to provide scientific evidence for the nutritional benefits 

of M. oleifera fresh/raw leaves and powder. Business opportunities for local producers present in the 

development of an export-oriented M. oleifera value chains in earlier mentioned countries should be 

further investigated. The efficacy of advised nutrient loss preventive measures should be field-tested. 
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1. Introduction 
Fair & Sustainable Consulting (F&S Consulting) is an international consultancy company established in 

2010 that is located in Utrecht, the Netherlands. The consultancy’s specialization is creating sustainable 

economic opportunities for people in developing countries and offering them advice and support on 

Responsible Business (CSR), Value Chain Development, and Program Management.  

This internship assignment is a result of the need to obtain additional information for F&S Consultancy 

about Moringa oleifera tree’s nutritional benefits and production methods. This is because F&S 

Consultancy has been looking intro Moringa oleifera tree as a possible income generator and nutrition 

improver in developing countries. 

“Relation between Nutritional properties and Processing methods of Moringa oleifera tree” project is a 

mandatory research assignment that is carried out during the 3rd year internship placement as a part of 

the International Food & Agribusiness study program. The internship provider – F&S Consulting, has 

created this research assignment in order to positively contribute to the company’s own ongoing 

research and project development, and to meet set requirements by HAS University of Applied Sciences. 

The Project will be planned, executed, completed and delivered by Dasha Gretchikhine - 3rd Year 

International Food & Agribusiness Student. It will be completed within the span of the internship, which 

is 20 weeks long. 

This report has significant relevance to value chain development in developing countries, where the 

Moringa oleifera tree is and can be potentially cultivated. By producing, processing and distributing 

high-quality M. oleifera products to high-end consumers in developed countries, value can be created 

for primary stakeholders. This could lead to an increase in the financial status of farmers, processors and 

other actors located in developing countries. However, to ensure that the value of the product and the 

quality and nutritional properties of Moringa oleifera are retained after all executed processing steps up 

until it reaches the end-consumer, this research assignment has been established. 

The focus of this report will be the following main research question: What are the nutritional benefits 
of Moringa oleifera leaves and what are the best production and processing methods to maintain the 
nutritional composition? 

By answering this question, a more in-depth understanding of Moringa oleifera’s nutritional value and 
characteristics will be obtained. Also, a clearer overview of Moringa powder production steps and their 
effect on the nutritional value of the Moringa leaves will be presented. Additionally, Moringa oleifera 
tree cultivation, processing, consumption and other relevant topics to this project will be analysed and 
discussed from the perspective of three countries: Republic of Ghana, Republic of India and Republic of 
Kenya; where F&S Consulting sees the potential of upscaling the tree production and thus benefiting the 
local population’s financial and nutritional status. This project will focus on the Moringa oleifera leaves 
as a rich source of nutrients and a trading commodity and will not touch upon the nutritious value of the 
rest of the plant. 
 

1.1 Research questions  
Based on the main research question and all other relevant topics that should be touched upon in this 
report, the following subquestions have been formulated. Some subquestions do not have a direct 
correlation with the main research question mentioned earlier but they will be included in the report 
and elaborated on. The subquestions look as following:  

A. What is the nutritional composition of Moringa oleifera leaves? 
A.1 Introduction to M. oleifera tree 
A.2 Nutritional properties of Moringa oleifera leaves (Vitamins and Minerals; Protein content) 
A.3 M. oleifera leaves nutritional composition compared to other dark green leafy vegetables 
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B. What is the best cultivation system of Moringa oleifera leaves?  
B.1 M. oleifera tree cultivation and its effect on the leaf nutritional composition (Environmental 
conditions; Cultivation practices) 
B.3 M. oleifera leaves cultivation costs and revenues 

 
C. What is the best method to process Moringa oleifera leaves into powder for large-scale 

production used for export? 
C.1 M. oleifera nutrient stability 
C.2 Processing steps of M. oleifera leaves and their effect on the nutritional value and hygiene of 
the product (Harvesting; Transportation; Stripping; Washing; Draining; Drying; Grinding; Drying 
the leaf powder; Packaging; Storage; Hygiene) 
C.3 Cost-effective processing technique of Moringa oleifera leaves into powder 

 
D. The organization of local Moringa oleifera growers and processors in Ghana, India, and Kenya 

D.1 The Republic of Ghana 
D.2 The Republic of India  
D.3 The Republic of Kenya 
D.4 Outgrowers  
D.5 Organic certification 

 
E. Added value of processed Moringa oleifera leaves and powder 

E.1 For consumers in India, Ghana and Kenya (Moringa oleifera leaves as part of national cuisine 
in Ghana, India, and Kenya; Enhancing the nutritional security; Economic opportunities; 
Environmental benefits) 
E.2 In the international market (Increasing demand for superfoods like Moringa oleifera) 

2. Methodology 
This research project required a thorough data collection and analysis for its completion. Literature 

study of scientific papers and interviews with experts have been conducted. M. oleifera cultivation and 

processing experts, professors with scientific background on plant health, nutrient retention, and 

human nutrition of Wageningen University and Research and other experts have been interviewed over 

the course of the completion of this research. 

For each sub-question, in-depth desk research/literature study has been carried out. The research is 

based on the currently available literature studies, relevant documents, and databases accessible 

through internet, libraries, and consultations. After the collection of required data analysis of the 

gathered information has been executed, which has resulted in the foundation of the advisory report. 

As the executor – Dasha Gretchikhine, does not have a scientific background/expertise in nutrition, food 

processing and cultivation practices, the final advice will be based on the analysis of existing data and 

knowledge, and assumptions.  

External experts have been contacted over the course of the report completion, which has been done 

through emails, face to face meetings and Skype calls.  

After all required information has been collected to complete a chapter, the gathered data has been 

analysed and conclusions have been drawn. By completing all parts, creating additional questions, and 

answering all set sub-questions, the advisory report has been finalized. At the end of the report a 

discussion, conclusions and recommendations are presented.  
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3. Research findings  
In this chapter, the research findings will be presented and analysed.  

A. What is the nutritional composition of Moringa oleifera leaves? 

A.1 Introduction to Moringa oleifera tree 
Moringa oleifera (M. oleifera) is a perennial tree native to sub-Himalayan tracts of India, Nepal, 

Afghanistan, and Pakistan. M. oleifera is one of the species in the Moringa genus of the family of 

Moringaceae. It is a fast-growing, drought-resistance tree that gets up to 8 to 18 meters tall and lives up 

to 15 years. Also known as ‘horseradish tree’ and ‘drumstick tree’ this tree is now widely spread across 

the tropics and subtropics. (Vélez-Gavilán, 2017) 

M. oleifera habitat ranges from tropical moist and southern tropical dry deciduous forests to North-

western India’s seral forests. The drumstick tree is widely spread over almost all continents and can be 

found in Asia, Africa, the Caribbean, Oceania, and in Northern, Central and Southern America. While 

only present in the wild in North-western India, it is either present in cultivations (or as a remnant of old 

cultivations) in other parts of the world. In Africa, the trees usually grow along streams or in savannas. 

Although M. oleifera has been introduced to Africa in ancient times, it has been reintroduced by the 

British during the colonial period. (Vélez-Gavilán, 2017) 

The drumstick tree is known for producing nutritious edible parts, such as leaves, pods (fruits), seeds, 

tubers, flowers, bark, and roots. It is both cultivated and used as a food source in India, Philippines, and 

Pakistan, and in multiple African countries. M. oleifera is present in multiple dishes of various national 

cuisines of the countries of habitat. It is produced for both local consumption and international trade in 

multiple countries, especially in India and African countries. Recently, M. oleifera products started to 

gain more popularity in Europe and the USA as a superfood supplement. (Vélez-Gavilán, 2017) 

In India and African countries, the tree is grown for many other purposes than only consumption and is 

used for multiple household and livestock-holding applications. Medical therapeutical practices with the 

application of M. oleifera are widely spread in the mentioned above countries, as various parts of the 

tree appear to show favour to control some diseases. (Brilhante & Sales, 2017) Some researchers 

declare that M. oleifera products such as powdered leaves and alcohol extracts of the leaves have an 

antioxidant, antidiabetic, anti-dyslipidemic, chemoprotective and many other effects, however, most of 

the statements lack scientific proof. (Stohs & Hartman, 2015) 

One of the common agricultural applications is using leaves, flowers, pods and small branches as fodder 

for animals, such as sheep, goats, cattle, camels, poultry and fish. As the tree is rich in proteins and 

micro-nutrients it is a good fodder alternative for the livestock. Apart from livestock feed, M. oleifera 

can be used for hedging and fencing purposes, as well as shade provision and windbreak. The roots of 

the drumstick tree can prevent soil erosion and sand stabilization. The tree is also used to provide a base 

for growing vine crops. (Vélez-Gavilán, 2017) 

M. oleifera produces a gum that is used as seasoning, leather tanning and for many other purposes. The 

seeds of the drumstick tree contain ‘ben oil’ that be used for cooking and can be applied in perfume, 

cosmetics, and soap production, as well as used as a lubricant. The waste oil press-cake can be put on 

agricultural land as a mineral-rich fertilizer. The bark of M. oleifera is a good source of tannin for rope 

making. (Vélez-Gavilán, 2017)  

In many countries, M. oleifera crushed seeds and seed cake are used for water purification practices. 

When mixed with dirty water and left for 24 hours the solution becomes clearer and the pH levels rise 

and get less acid. The seed cake has also an antibacterial property. (Vélez-Gavilán, 2017) Water 

treatment with M. oleifera seed cake is seen as a cheaper and more effective alternative to aluminium 

sulfate purification. (Brilhante & Sales, 2017) 
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The drumstick tree has also several energy applications. Traditionally, the tree can be burned, thereby 

used as firewood for food preparation and/or heating practices. Nowadays, new applications in biofuel 

production as a flocculant for commercial use are being considered. (Vélez-Gavilán, 2017) 

M. oleifera is drought-resistant, fast-growing and can be cultivated in low-quality soils, which makes the 

cultivation of the tree easier and more sustainable. (Brilhante & Sales, 2017) The tree carries out several 

environmental services therefore positively contributes to the surrounding ecosystem. The drumstick 

tree provides earlier mentioned services such as windbreak, shade, erosion prevention, soil 

improvement, and many others. It is also a potential habitat and food source for insects, wild birds, and 

smaller animals. The flowers of the tree attract bees and therefore the tree contributes to the overall 

bee population growth. Nevertheless, in some countries, M. oleifera is considered as potentially invasive 

species which might pose a threat to the indigenous ecosystem of the country. (Vélez-Gavilán, 2017) 

M. oleifera has multiple beneficial applications for both humans and nature. Looking at the variety of 

the possible application practices of the drumstick tree, no wonder that many cultures call M. oleifera’ – 

“the Miracle Tree”. The usefulness of all the parts of the tree and the number of products that can be 

derived from them is almost uncountable. Nevertheless, the nutritional values of the products derived 

from the tree that are meant for human consumption are often second-guessed. Therefore, the 

following topics are discussed. 

A.2 Nutritional properties of Moringa oleifera leaves 
M. oleifera tree leaves are widely known for their pharmacological and nutritional properties. There are 

many claims related to the drumstick tree’s nutritional strengths that are communicated to the 

consumers to increase their interest in the product. Often a comparison with other fruits, vegetables, 

and dairy products is being made, in order to simplify the nutritional value description for the end-

consumers. The following explanation is broadly used by many M. oleifera products selling companies or 

nonofficial health and dietary related websites: “M. oleifera has 25 times more iron than in spinach, 15 

times more potassium than in bananas, 17 times more calcium than in milk, 10 times more vitamin A 

than in carrots, 7 times more vitamin C than in oranges and 9 times more protein than yoghurt”. 

(MoringaCare, 2017) This explanation provides an easier for the end-consumers overview of the 

nutritional composition of M. oleifera, but this statement cannot be relied upon, as it not science-based  

The leaves of M. oleifera belong to the family of dark green leafy vegetables (DGLVs). (Moringanews & 

MAG, 2010) Many published sources state that the leaves are rich in vitamins like beta-carotene of 

vitamin A, vitamin B (folic acid, pyridoxine, and nicotinic acid), vitamin C, and vitamin E, and in minerals 

like potassium, zinc, calcium, magnesium, iron, and copper. (Gopalakrishnan, Doriya, & Kumar, 2016) 

The main components of the leaves are lipidic compounds, linolenic acid, and palmitic acid. The leaves 

also have a relatively low calorific value. (Brilhante & Sales, 2017)  

There are many claims strongly connected to the nutritional properties of M. oleifera leaves. Multiple 

reports and articles have been published in the science-based and public literature over the years about 

the tree’s macro- and micro-nutrient content and benefits. Therefore, the following chapters are 

devoted to creating a clear overview of this topic. The following chapter will focus on vitamin, mineral 

and protein content, and characteristics of fresh/raw M. oleifera leaves. 

A.2.1 Vitamins and Minerals  

As stated earlier the leaves of M. oleifera contain a broad spectrum of vitamins and minerals. This is also 

one of the reasons why M. oleifera has become so popular. To confirm this statement M. oleifera 

raw/fresh leaves vitamin and mineral content has been analyzed through thorough literature studies. In 

Table 1 the results of the analysis are presented. When compiling this table nutritional values were 

retrieved from multiple authoritative sources such as USDA National Nutrient Database, Nutritive Value 

of Indian Foods, and FAO West African Food Composition Table. These three sources have been chosen 
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as they represent the nutrient value of M. oleifera leaves from India and Africa. In Table 1 the average of 

the three sources is calculated, which creates a better estimate of the average vitamin and mineral 

composition of M. oleifera fresh/raw leaves. The values in the table represent the nutrient content in 

mg or µg (mcg) per 100 grams of fresh/raw M. oleifera leaves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 shows the complexity of the micro-nutrient composition of fresh M. oleifera leaves. The leaves 

contain a wide range of minerals, water- and fat-soluble vitamins, needed for the body’s daily 

functioning and growth. It is visible that vitamin and mineral content deviates depending on the origin 

of the tree. For example, the Calcium (Ca) content of the leaves equals 434 mg based on the (FAO, 2012) 

database, whereas (USDA, 2019) states that there is 185 mg of Calcium (Ca) present in the drumstick 

leaves. The same is applicable for Mg, Se, vitamin A, vitamin C, vitamin E, Thiamin, Riboflavin, Niacin, 

and Folate.  

In chapter E.1, the relation between M. oleifera leaves and the Recommended Nutrient Intake, and the 

way how drumstick leaves add value to the diets and nutritional security will be discussed in detail. It 

should also be noted by the reader, that in this chapter the micro-nutrient content of M. oleifera 

fresh/raw leaves has been discussed. This is important to remember because not all micro-nutrients 

retain their original form and bioavailability after the application of various cultivation and processing 

practices. This topic will also be addressed in the following chapters of the report. 

A.2.2 Protein content  

Many scientific and public studies state that M. oleifera leaves are a rich source of protein. However, 

most of the papers have arguing protein quantity and quality statements. For example, one of the 

sources states that 100 grams of leaves contain 25.0 to 30.3 grams of protein, what is a much larger 

value than the one given in Table 2. (Brilhante & Sales, 2017) To get a valid protein content, three 

authoritative sources were analyzed in the same way as subchapter A.2.1. The results of the analysis can 

be viewed in Table 2. The table states that the average protein content per 100 grams of fresh/raw M. 

Table 1: Micro-Nutrient content per 100 grams of fresh/raw M. oleifera leaves 

Average 

USDA National 

Nutrient 

Database

Nutritive 

Value of 

Indian Foods

FAO West African 

Food Composition 

Table 

Ca (mg) 311.00 185.00 314.00 434.00

Cu (mg) 0.24 0.11 0.44 0.16

Fe (mg) 4.89 4.00 4.56 6.10

Mg (mg) 69.70 42.00 97.09 70.00

Mn (mg) 1.16 1.06 1.26 na

P (mg) 107.33 112.00 109.00 101.00

K (mg) 379.33 337.00 397.00 404.00

Se (µg) 3.43 0.90 5.95 na

Na (mg) 8.45 9.00 9.34 7.00

Zn (mg) 0.74 0.60 0.72 0.90

Vitamin A (µg RAE) 558.00 378.00 na 738.00

β-Carotene (µg) 13196.00 na 17542.00 8850.00

Vitamin C (mg) 107.90 51.70 108.00 164.00

Vitamin E (mg) 1.69 na 0.31 3.07

Vitamin B1 - Thiamin (mg) 0.18 0.26 0.06 0.23

Vitamin B2 - Riboflavin (mg) 0.61 0.66 0.45 0.73

Vitamin B3 - Niacin (mg) 1.91 2.22 0.82 2.70

Vitamin B6 (mg) 1.09 1.20 0.87 1.20

Vitamin B9 - Folate (µg) 95.96 40.00 42.89 205.00

Amount in 100 grams

Micro-Nutrient 

Sources: (USDA, 2019), (National Institute of Nutrition, 2017) and (FAO, 2012) 
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oleifera leaves equals 7.36 grams. In the following subchapter A.3.5, a comparison between drumstick 

leaves and other dark green leafy vegetables (DGLV) provides a clear overview of whether M. oleifera 

has a high protein content.  

 

Protein is made up of amino acids, which are essential components of a healthy diet. There are many 

opinions on the amino acid content of drumstick leaves. Some publications suggest that the leaves 

contain Arginine, Histidine, Lysine, Tryptophan, Phenylalanine, Threonine, Leucine, Methionine, 

Isoleucine, Valine. (Gopalakrishnan, Doriya, & Kumar, 2016) Other sources claim that M. oleifera leaves 

contain a wider range of amino acids, with additional Alanine, Aspartate, Cysteine, Glutamate, Glycine, 

Proline, Serine, and Tyrosine. (Brilhante & Sales, 2017) The quantities of amino acids and their 

references are not trustworthy, or not present at all in many of the studies viewed during the research.  

In Table 3 the content of amino acids per 100 

grams of protein of M. oleifera leaves is stated. 

USDA National Nutrient Database and Nutritive 

Value of Indian Foods databases are used to 

compile this table. An important comment to 

consider is that M. oleifera leaves compared to 

the seeds contain overall fewer grams of amino 

acids. (Brilhante & Sales, 2017) This makes the 

leaves not the richest source of amino acids of 

the drumstick tree.  

M. oleifera protein amino acid quality and 

bioavailability characteristics for the human 

body will be covered in the following chapters 

of the research. In general, it should be kept in 

mind that there is a lack of scientific and 

laboratorian-based research of M. oleifera 

protein amino acids and their digestibility. 

 

 

 

 

 

 

 

Average 

USDA National 

Nutrient 

Database

Nutritive 

Value of 

Indian Foods

Isoleucine 3.95 4.80 3.10

Leucine 7.56 8.41 6.70

Lysine 5.05 5.71 4.38

Methionine 1.11 1.31 0.92

Cystine 1.12 1.49 0.75

Phenylanine 5.82 5.18 6.45

Tyrosine 3.28 3.69 2.87

Threonine 4.06 4.37 3.75

Tryptophan 1.40 1.53 1.27

Valine 5.44 6.50 4.38

Arginine 5.61 5.66 5.56

Histidine 2.07 2.09 2.06

Alanine 7.34 7.50 7.18

Aspartic acid 10.86 9.79 11.94

Glutamic acid 13.94 11.01 16.87

Glycine 5.05 5.50 4.60

Proline 4.40 4.80 4.00

Serine 4.60 4.40 4.79

Amount in 100 grams of Protein

Amino acid (g)

Table 3: Amino acid content in grams per 100 grams of protein of 

fresh/raw M. oleifera leaves 

Source: (USDA, 2019) and (National Institute of Nutrition, 2017) 

Table 2: Protein content per 100 grams of fresh/raw M. oleifera leaves 

Average 

USDA National 

Nutrient 

Database

Nutritive 

Value of 

Indian Foods

FAO West African 

Food Composition 

Table 

Protein (g) 7.36 9.4. 6.41 8.30

Amount in 100 grams

Macro-Nutrient 

Source: (USDA, 2019), (National Institute of Nutrition, 2017) and (FAO, 2012) 
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A.3 Moringa oleifera leaves nutritional composition compared to dark green leafy vegetables  
M. oleifera leaves are classified as dark green leafy vegetables (DGLVs). (Moringanews & MAG, 2010) To 

gain a better insight into the nutritional status of fresh/raw M. oleifera leaves a comparison with other 

fresh/raw DGLV is made. This comparison shows whether drumstick leaves are as nutritious as they are 

claimed to be. 

In this chapter, fresh/raw drumstick leaves are compared with two DGLVs traditionally and widely 

present in the diet consumed by Ghanaian, Indian, and Kenyan people, as well as with two 

internationally common DGLVs. Most eaten DGLVs of India are the green leaves of Amaranth 

(Amaranthus spinosus) and the leaves of Coriander (Coriandrum sativum). (Vinayagam, 2020) In Ghana, 

the green leaves of Colocasia (Colocasia antiquorum) are popular along with Amaranth leaves 

(Amaranthus spinosus). (Akkermans, 2020) Kenyan people widely consume Spinach (Spinacia oleracea) 

and Amaranth leaves (Amaranthus spinosus). (Wanjera, 2020) This information is retrieved from 

interviews conducted with experts and native to the country's people. For the comparison between M. 

oleifera leaves and internationally common DGLVs Spinach (Spinacia oleracea) and Cabbage (Brassica 

oleracea var. capitata) are used. 

The nutrition values of every previously mentioned DGLVs that are used in the comparison are 

calculated through retrieving the average from multiple sources, identical to what is done for M. oleifera 

leaves values in the previous subchapter. Additionally, to earlier mentioned sources the FAO Kenya Food 

Composition Table is used. All the tables with the DGLVs nutritional value calculations can be found in 

Appendix 1. 

A.3.1 Micro-nutrient comparison between M. oleifera leaves and internationally common DGLVs 

To compare fresh/raw M. oleifera leaves to 

internationally common fresh/raw DGLVs as 

Spinach (Spinacia oleracea) and Cabbage 

(Brassica oleracea var. capitata), Table 4 is 

created. In this table colour coding is used to 

make nutrition content differences more visible. 

“Green” colour refers to the highest amount of 

micro-nutrient (in mg or µg) per 100 grams of 

DGLV leaves, “Yellow” refers to medium amount 

and “Red” to the lowest content. Table 4 states 

that M. oleifera has the largest number of green 

coloured sells which means that drumstick 

leaves have the highest Micro-nutrient content 

per 100 gram of leave matter. Spinach can be 

found on the second place and Cabbage on the 

third. It is important to note that M. oleifera has 

the lowest Na content of all, and has less Mg, K, 

vitamin E and vitamin B9 than Spinach. Based on 

this table the following conclusion can be made: 

M. oleifera leaves are more nutritious from 

Micro-nutrient perspective than the two most 

common international DGLVs – Spinach and 

Cabbage.  

  

 

Moringa 

oleifera 

Spinach 

(Spinacia 

oleracea)

Cabbage

(Brassica 

oleracea var. 

capitata)

Ca (mg) 311.00 111.32 44.94

Cu (mg) 0.24 0.13 0.02

Fe (mg) 4.89 2.62 0.48

Mg (mg) 69.70 72.74 12.75

Mn (mg) 1.16 1.01 0.18

P (mg) 107.33 38.65 33.29

K (mg) 379.33 563.75 258.25

Se (µg) 3.43 1.36 0.79

Na (mg) 8.45 66.89 20.50

Zn (mg) 0.74 0.70 0.19

Vitamin A (µg RAE) 558.00 325.33 6.50

β-Carotene (µg) 13196.00 4132.75 54.16

Vitamin C (mg) 107.90 32.85 43.46

Vitamin E (mg) 1.69 1.80 0.12

Vitamin B1 - Thiamin (mg) 0.18 0.09 0.05

Vitamin B2 - Riboflavin (mg) 0.61 0.16 0.04

Vitamin B3 - Niacin (mg) 1.91 0.59 0.29

Vitamin B6 (mg) 1.09 0.18 0.12

Vitamin B9 - Folate (µg) 95.96 155.50 38.09

Micro-Nutrient 

Amount in 100 grams

High Nutrient Content

Medium Nutrient Content

Low Nutrient Content

Table 4: Comparison between M. oleifera and International DGLVs 
Micro-nutrient contents 

Source: (USDA, 2019), (National Institute of Nutrition, 2017), 

(FAO, 2012) and (FAO, 2018) 
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A.3.2 Micro-nutrient comparison between M. oleifera leaves and common Indian DGLVs  

In this subchapter, fresh/raw M. oleifera 

leaves will be compared to the most widely 

consumed DGLVs of India - Amaranth 

(Amaranthus spinosus) and Coriander 

(Coriandrum sativum). (Vinayagam, 2020). 

Table 5 that is presented, uses colour coding 

identical to Table 4.   

This table indicates that M. oleifera has the 

highest Micro-nutrient content compared to 

Amaranth or Coriander. Amaranth is on the 

second place and Coriander comes third. 

Amaranth has a higher Fe, Mg, K, Se and Zn 

content than drumstick leaves, whereas, 

Coriander is richer in Na. Overall, this table 

shows that M. oleifera leaves are richer in 

Micro-nutrients than the two most eaten 

DGLVs of India. 

 

 

 

 

A.3.3 Micro-nutrient comparison between M. oleifera leaves and common Ghanaian DGLVs 

In the following table, fresh/raw drumstick 

leaves are compared to Colocasia (Colocasia 

antiquorum) and Amaranth (Amaranthus 

spinosus) leaves, which are commonly 

consumed by the Ghanaian people. 

(Akkermans, 2020)  

Table 6, which is structured identically as the 

previous Table 4 and 5, depicts that the 

leaves of M. oleifera tree are richer in Micro-

nutrients than the Amaranth or Colocasia 

leaves. Amaranth, however, has greater Fe, 

Mg, K, Se, Na and Zn content, whereas 

Colocasia is richer in Cu and vitamin B9. 

Despite this, drumstick leaves Micro-nutrient 

content exceeds the content of Amaranth 

and Colocasia. This results in the conclusion 

that M. oleifera leaves are more Micro-

nutrient rich than the two most popular 

DGLVs of Ghanaian cuisine.  

 

 

Moringa 

oleifera 

Amaranthus 

spinosus

Coriander 

(Coriandrum 

sativum)

Ca (mg) 311.00 308.50 109.33

Cu (mg) 0.24 0.18 0.23

Fe (mg) 4.89 5.42 4.56

Mg (mg) 69.70 118.00 47.89

Mn (mg) 1.16 0.98 0.69

P (mg) 107.33 67.37 52.23

K (mg) 379.33 594.75 548.33

Se (µg) 3.43 17.29 0.78

Na (mg) 8.45 16.67 41.00

Zn (mg) 0.74 1.03 0.57

Vitamin A (µg RAE) 558.00 237.67 327.00

β-Carotene (µg) 13196.00 2817.50 3849.33

Vitamin C (mg) 107.90 61.97 28.92

Vitamin E (mg) 1.69 0.26 1.48

Vitamin B1 - Thiamin (mg) 0.18 0.03 0.15

Vitamin B2 - Riboflavin (mg) 0.61 0.21 0.10

Vitamin B3 - Niacin (mg) 1.91 0.72 0.91

Vitamin B6 (mg) 1.09 0.20 0.17

Vitamin B9 - Folate (µg) 95.96 67.36 58.34

High Nutrient Content

Medium Nutrient Content

Low Nutrient Content

Micro-Nutrient 

Amount in 100 grams

Table 5: Comparison between M. oleifera and common Indian DGLVs 
Micro-nutrient contents 

Source: (USDA, 2019), (National Institute of Nutrition, 2017), 

(FAO, 2012) and (FAO, 2018) 

Moringa 

oleifera 

Amaranthus 

spinosus

Colocasia 

(Colocasia 

antiquorum)

Ca (mg) 311.00 308.50 128.67

Cu (mg) 0.24 0.18 0.28

Fe (mg) 4.89 5.42 2.69

Mg (mg) 69.70 118.00 56.15

Mn (mg) 1.16 0.98 1.01

P (mg) 107.33 67.37 59.29

K (mg) 379.33 594.75 490.00

Se (µg) 3.43 17.29 2.60

Na (mg) 8.45 16.67 6.03

Zn (mg) 0.74 1.03 0.55

Vitamin A (µg RAE) 558.00 237.67 308.50

β-Carotene (µg) 13196.00 2817.50 4387.67

Vitamin C (mg) 107.90 61.97 43.24

Vitamin E (mg) 1.69 0.26 1.37

Vitamin B1 - Thiamin (mg) 0.18 0.03 0.17

Vitamin B2 - Riboflavin (mg) 0.61 0.21 0.32

Vitamin B3 - Niacin (mg) 1.91 0.72 1.17

Vitamin B6 (mg) 1.09 0.20 0.20

Vitamin B9 - Folate (µg) 95.96 67.36 137.00

Amount in 100 grams

Micro-Nutrient 

High Nutrient Content

Medium Nutrient Content

Low Nutrient Content

Table 6: Comparison between M. oleifera and common Ghanaian 
DGLVs Micro-nutrient contents 

Source: (USDA, 2019), (National Institute of Nutrition, 2017), 

(FAO, 2012) and (FAO, 2018) 
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A.3.4 Micro-nutrient comparison between M. oleifera leaves and common Kenyan DGLVs 

Table 7 represents the comparison between 

Micro-nutrient content of fresh/raw M. 

oleifera leaves and the two most commonly 

present in the Kenyan diet fresh/raw DGLVs - 

Spinach (Spinacia oleracea) and Amaranth 

leaves (Amaranthus spinosus). (Wanjera, 

2020) Colour coding is used in Table 7 to 

compare the DGLVs, identically to tables 

presented earlier.  

This table indicates that M. oleifera has 

higher Micro-nutrient values than Spinach or 

Amaranth. Amaranth has greater values of 

Fe, Mg, K, Se and Zn, and Spinach of Na, 

vitamin E and vitamin B9, compared to 

drumstick leaves. Nevertheless, M. oleifera 

has a greater amount of Micro-nutrients 

present in its leaves than in the other two 

most commonly present DGLVs of the 

Kenyan diet. 

 

 

 

A.3.5 Protein comparison between M. oleifera leaves and other DGLVs 

In this subchapter, a comparison of protein contents of all previously mentioned DGLVs and drumstick 

leaves is presented. The protein content is given in grams and is retrieved through the same method as 

the Micro-nutrient content given above by using reliable sources. Protein levels stated below are given 

per 100 grams of the DGLV representatively. In Table 8 it is visible that the protein content of M. oleifera 

greatly exceeds the contents of other DGLVs. The protein level of fresh/raw drumstick leaves is almost 

twice as much (1.9 times) as of fresh/raw Colocasia leaves, which has the highest protein content among 

other analysed DGLVs. Cabbage has more than 5 times less protein than M. oleifera and has the lowest 

protein content of all DGLVs mentioned above.  

  

0,00
1,00
2,00
3,00
4,00
5,00
6,00
7,00
8,00

Moringa
oleifera

Cabbage
(Brassica

oleracea var.
capitata)

Spinach
(Spinacia
oleracea)

Amaranthus
spinosus

Coriander
(Coriandrum

sativum)

Colocasia
(Colocasia

antiquorum)

gr
am

s

Protein content per 100g of DGLV

Moringa 

oleifera 

Amaranthus 

spinosus

Spinach 

(Spinacia 

oleracea)

Ca (mg) 311.00 308.50 111.32

Cu (mg) 0.24 0.18 0.13

Fe (mg) 4.89 5.42 2.62

Mg (mg) 69.70 118.00 72.74

Mn (mg) 1.16 0.98 1.01

P (mg) 107.33 67.37 38.65

K (mg) 379.33 594.75 563.75

Se (µg) 3.43 17.29 1.36

Na (mg) 8.45 16.67 66.89

Zn (mg) 0.74 1.03 0.70

Vitamin A (µg RAE) 558.00 237.67 325.33

β-Carotene (µg) 13196.00 2817.50 4132.75

Vitamin C (mg) 107.90 61.97 32.85

Vitamin E (mg) 1.69 0.26 1.80

Vitamin B1 - Thiamin (mg) 0.18 0.03 0.09

Vitamin B2 - Riboflavin (mg) 0.61 0.21 0.16

Vitamin B3 - Niacin (mg) 1.91 0.72 0.59

Vitamin B6 (mg) 1.09 0.20 0.18

Vitamin B9 - Folate (µg) 95.96 67.36 155.50

Amount in 100 grams

Micro-Nutrient 

High Nutrient Content

Medium Nutrient Content

Low Nutrient Content

Table 7: Comparison between M. oleifera and common Kenyan 
DGLVs Micro-nutrient contents 

Source: (USDA, 2019), (National Institute of Nutrition, 2017), 

(FAO, 2012) and (FAO, 2018) 

Table 8: Comparison between M. oleifera and other common DGLVs protein contents 

Source: (USDA, 2019) and (National Institute of Nutrition, 2017) 
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B. What is the best cultivation system of Moringa oleifera leaves? 
In this chapter, the currently present cultivation systems of M. oleifera leaves in India, Ghana and Kenya 

are analysed. Additionally, the factors that influence the Micro-nutrient and protein nutritional 

composition of the leaves during the cultivation stage are also addressed and discussed. Lastly, advice 

on the optimal nutrient retentive cultivation system is provided.  

B.1 Moringa oleifera tree cultivation and its effect on the leaf nutritional composition 
Both environmental factors and cultivation practices applied to the tree play a big role in the Macro- and 

Micro-nutrient absorption of the M. oleifera leaves. To gain a better insight into the nutrient 

composition of the drumstick leaves, the factors that can influence the Micro-nutrient and protein 

retention are investigated in the following subchapters B.1.1 and B.1.2. 

B.1.1 Environmental conditions 

Plants require the uptake of certain raw materials from the environment to maintain their metabolic 

processes and for the stimulation of cellular growth. Plant nutrition is strongly connected with the 

environment from which the required materials are acquired. (Evert & Eichhorn, 2013) Therefore, the 

M. oleifera tree cultivation environment plays a key role in the Macro- and Micro-nutrient absorption 

and composition of the plant. (Diriba B Kumssa, 2017) The proof of the previous statement can be found 

in the fact that M. oleifera leaves from diverse regions of origin (India and Africa) with diverse 

environmental conditions differ in the element concentration, as can be seen in Table 1. 

There are 17 essential elements required for vascular plant growth and development. The elements that 

are used by the plant in large amounts are called Macro-nutrients. These include hydrogen, carbon, and 

oxygen, which are obtained from water or carbon dioxide, as well as nitrogen, potassium, calcium, 

magnesium, phosphorus and sulfur, which are obtained from the soil. Micro-nutrients include chlorine, 

iron, boron, manganese, zinc, copper, nickel and molybdenum, are also obtained from the soil. (Evert & 

Eichhorn, 2013) Each of the listed minerals contributes to the plant’s growth, development, and other 

specific plant functions. (Peirce, 1987) A too low level of a specific nutrient can result in a deficiency, 

which leads to restricted plant growth. Also, a too high level of one element can lower the uptake of 

other elements. For example, excessive calcium can restrict the uptake of potassium. (Peirce, 1987) 

Plants can react to stress created by one or multiple environmental factors which may disturb the 

nutrient uptake and/or metabolic processes, which can potentially result in reduced growth and 

productivity. (Peirce, 1987) The root and plant canopy environments will be analysed to find out what 

factors affect the optimal element uptake by M. oleifera. 

Root environment  

The M. oleifera tree is grown in soil. Soil provides the tree with a nutrient medium which physically 

supports the plant and supplies the earlier mentioned inorganic nutrients. (Evert & Eichhorn, 2013)      

For optimal element absorption by M. oleifera, the 

following soil characteristics should meet the tree’s 

requirements.  

Soil texture is composed of the proportion of present 

sand, silt and clay particles. (Peirce, 1987) As mentioned 

by (Moringanews & MAG, 2010) and (Akkermans, 2020), 

M. oleifera tree requires a loamy, sandy-loam, loamy-sand 

or sandy soil texture that can found in the USDA Soil 

Texture Triangle (Figure 1). These soil textures are low in 

clay percentage and high in the percentage of silt and 

sand, which leads to a better movement of water and 

drainage, as well as better aeration and gas exchange 

Figure 1: USDA Soil Texture Triangle. (Peirce, 1987) 
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within the soil. (Moringanews & MAG, 2010) These factors are crucial for the nutrient uptake and 

growth of the plant. (Evert & Eichhorn, 2013) If the grower chooses to plant the drumstick tree in soil 

with higher clay content, M. oleifera can be affected by the still water being unable to drain, which could 

damage the roots. This factor should be particularly considered in the areas with intensive rainfall or 

prolonged rainy seasons, as M. oleifera tree does not have a strong resistance to high water quantities. 

(Akkermans, 2020) The decreased oxygen and increased carbon dioxide levels in the root zone, caused 

by poor aeration properties, can slow down the conversion of insoluble plant nutrients to soluble forms, 

the uptake of nutrients, and the development of a normal root system. (Peirce, 1987) Soils with higher 

clay content tend to harden during dry periods which poses a challenge for the development of the root 

system. (Moringanews & MAG, 2010) 

Even though the organic matter is not essential for plant development, it contributes to the dynamic 

properties of the soil. Organic particles bind with some of the essential elements, which reduces mineral 

leaching. Elements are then slowly released through natural decomposition, which can then be taken up 

by the plant’s root system. (Peirce, 1987) Some microorganisms that are associated with organic matter 

may pose a threat by increasing the risk of plant disease and nutrient loss, whereas others can positively 

contribute to the plant growth through nitrogen fixation (ex. Rhizobium). (Evert & Eichhorn, 2013)  

The pH of the soil has a strong influence on 

the availability of essential elements needed 

for plant growth. (Evert & Eichhorn, 2013) A 

too high or low pH can cause nutrient 

deficiencies in a plant. (Peirce, 1987)            

M. oleifera can tolerate a pH range from 5 

until 9. (Moringanews & MAG, 2010) 

However, for the tree’s growth, the acidity 

should not be lower than 4.5. (Akkermans, 

2020) Figure 2 states that with a pH lower 

than 5.5, the availability of minerals such as 

nitrogen, phosphorus, potassium and others 

significantly decrease. Whereas with a pH 

above 7.5, iron, manganese, boron, et 

cetera, become less available for plant 

uptake. This results in an optimum pH range 

from 5.5 until 7.5 for M. oleifera nutrient uptake. Any pH level above or below this range may result in a 

nutrient deficiency which will ultimately affect the nutrient content of the tree.  

Plant canopy environment 

The canopy of a plant, which includes the aboveground part of a plant, provides the surface area for gas 

exchange and light interception. (Peirce, 1987) It facilitates photosynthesis, which is the core chemical 

reaction that takes place in a plant cell. Photosynthesis is a process of carbohydrate and oxygen 

production from carbon dioxide (CO2) and water (H2O) in the presence of chlorophyll by using light 

energy. (Evert & Eichhorn, 2013) The chemical formula of photosynthesis looks as following: 

6CO2 + 6H2O (+ sunlight) → C6H12O6 + 6O2 

This process is crucial for the growth of M. oleifera. The uptake of carbon dioxide and water from the 

surrounding plant canopy air can be influenced by environmental factors such as light, temperature, 

water availability and atmospheric CO2. These are all limiting factors of photosynthesis. If one of the 

factors is at a lower level, the plant may have net negative photosynthesis, where the respiration rate 

outperforms the photosynthetic rate. Respiration is the process of sugars being converted into water 

and carbon dioxide for other plant functions, which will affect the growth rate of the plant. 

Figure 2: Relationship between soil pH and availability of essential elements. 
(Peirce, 1987) 
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Light directly influences photosynthesis and other important plant growth processes. This is also 

relevant for the M. oleifera tree. Since M. oleifera is native to tropical or sub-tropical climates, it 

requires approximately 10.5 – 13.5 hours of light per day, which is common to these climate zones. 

(Meteoblue, 2019) The drumstick tree should be grown in an open area for the leaves to receive the full 

sunlight. (Moringanews & MAG, 2010) The tree should not be shaded by higher trees or buildings for 

optimal nutrient uptake and growth. The following factors should also be kept in mind. With a light 

exposure exceeding the recommended levels, the leaves of the drumstick tree might become stressed, 

which will restrict the uptake of CO2 as the leaf pores (stomates) will close. (Peirce, 1987) This can 

potentially cause damage to the photoreceptor system which will prohibit the further growth of the 

tree. On the other hand, if the leaves receive insufficient light the tree will become etiolated, what will 

stop the nutrient uptake and leaf production. (Peirce, 1987) Extensive light deprivation will force the 

plant to release the minerals back into the soil solution. (Evert & Eichhorn, 2013) 

Temperature is directly connected with light intensity. Mary Wanjera has mentioned that M. oleifera 

prefers hot weather. (Wanjera, 2020) Temperature influences photosynthesis, respiration, plant growth 

rate, and mineral and water uptake by the roots. (Peirce, 1987) For optimal leaf production, M. oleifera 

requires a high average daily temperature of 25-35°C (77-95 °F). (Moringanews & MAG, 2010) 

(Radovich, 2011) The growth rate of the tree shows a great decline under temperatures below 20 °C (68 

°F). (Radovich, 2011) Even though the drumstick tree can handle freezing temperatures (to a minimum 

of – 5°C) for several hours, the survival rate of the tree is only 50%. (Motis & D’Aiuto, 2012) Freezing and 

chilling temperatures damage the organs and disturb the growth processes of plants of tropical and 

subtropical origins, such as M. oleifera. (Peirce, 1987) Low temperatures slow down the nutrient uptake 

and chemical reactions that take place in the cells of the tree. The formation of ice within the cells alters 

its structure and future functioning potential, which leads to a declined productivity. If the grower 

chooses to grow M. oleifera for multiple years, he or she should consider planting the tree in a 

geographic area with a hardiness zone greater than 10 with the lowest temperature range from -1.1 °C  

(30°F) to +1.7(35°F). 

On the other hand, high temperatures beyond M. oleifera requirements inhibits the plant’s 

photosynthesis and respiration, which also leads to growth limitation. (Asante & Nasare, 2014) Too high 

temperatures may cause the cell proteins to denature (unfold or misfold), which would lead to the loss 

of proper functioning and structure of the plant and an overall decline in the plant protein content. 

(Asante & Nasare, 2014) As mentioned with intensive light exposure, high temperatures will also cause 

Figure 3: Global Plant Hardiness Zone. (USDA, 2020) 
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stomata to close to avoid water loss. However, if enough water is available, the plant will continue to 

transpire with open stomata because there are no limiting factors of photosynthesis.  

Water (H2O) is crucial for plant growth. M. oleifera consists of approximately 77% out of water. (FAO, 

2012) (USDA, 2019) (National Institute of Nutrition, 2017) As water is the largest component of the 

drumstick tree, the tree’s survival greatly depends on the maintenance of proper water levels. H2O is 

not only an important part of the plant’s structure, but it is also one of the core reactants in metabolic 

processes. It is crucial for a plant’s development and growth as it is the cell medium within which 

chemical reactions take place. (Peirce, 1987) H2O is also one of the key components and limiting factors 

of photosynthesis. 

Transpiration is the process of water vapour loss by plant tissues which takes place in any above-ground 

part of the plant (leaves are the main organ of transpiration). (Evert & Eichhorn, 2013) Plants lose large 

quantities of water through transpiration to maintain the absorption of diverse nutrients from both air 

and soil. The loss of water and the uptake of CO2 for photosynthesis are inseparable processes. (Evert & 

Eichhorn, 2013) Carbon dioxide enters the plant cell through the process of diffusion in the moist cell 

surfaces. However, simultaneously, the surface water which is exposed to air evaporates. This forces the 

plant to maintain a constant water uptake, movement and transpiration. (Evert & Eichhorn, 2013) A 

continuous water uptake, required for transpiration, is present in the soil-plant-atmosphere. This is 

where inorganic nutrients are absorbed by the roots (and mycorrhizal fungi), after which they are 

transported throughout the plant tissues by the transpiration system. (Evert & Eichhorn, 2013) Some of 

the absorbed nutrients can be translocated by the transpiration system such as K, Mg, Cl, Zn, P and Mo, 

which are called mobile nutrients. (Evert & Eichhorn, 2013) These nutrients are recycled by the plant, 

which helps to prevent nutrient deficiencies. However, others like Ca, S, Fe, B and Cu are immobile. 

(Evert & Eichhorn, 2013) Compared to mobile nutrients, these nutrients cannot be relocated, which 

creates a greater risk of these nutrient deficits. It is important to realize the fact that poor transpiration 

rate and water movement within the plant influence the nutrient absorption and distribution, which 

ultimately affect the plant growth by creating deficiencies and slowing down the process of 

photosynthesis. However, excessive transpiration in the combination with scarce water resource, will 

slow done the plant growth or potentially lead to dehydration. (Evert & Eichhorn, 2013) 

Transpiration can be influenced by temperature conditions, which have been mentioned earlier, as well 

as by humidity. This is because the transpiration rate of a plant is proportional to the difference in the 

water vapour pressure between the intercellular space and the surrounding environment. (Evert & 

Eichhorn, 2013) If M. oleifera will be grown in a field or other exposed area with low air humidity, there 

is a high chance the tree will be in constant danger of excessive water loss. This statement has been 

proven by the fact that M. oleifera leaf samples from semi-deciduous forest zone (with higher humidity) 

recorded slightly greater nutrient values than the samples from Guinea Savanna. (Asante & Nasare, 

2014) On the other hand, when exposed to higher humidity levels the drumstick tree transpiration rate 

will slow down which could lead to lower nutrient uptake and movement. Strong and dry airflows also 

pose danger to the leaves transpiration rate, because the wind can accelerate the water evaporation 

from the leaf surface. (Diriba B Kumssa, 2017) Therefore, the drumstick tree should be protected from 

strong airflows. 

A plant must receive the right amount of water. Excessive water content at the root system might cause 

the Fusarium or Pythium root rot to germinate, which will damage the functioning of the plant or even 

kill it. Whereas, insufficient water uptake can lead to a slowed nutrient absorption, and can cause the 

plant cells to lose turgor which will affect gas exchange and photosynthesis. (Peirce, 1987) In a research 

paper published by the African Journal of Plant Science, a substantially lower K, Ca and P content in M. 

oleifera due to a long drought season was observed, which confirms the earlier stated text. (Asante & 

Nasare, 2014) This research took place in the Guinea Savanna in Ghana. M. oleifera can survive under 
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water-scarce conditions. The tree can retain enough nutrients throughout diverse seasonal effects 

including drought. (Melesse & Steingass, 2012) The minimum annual rainfall requirements of the 

drumstick tree are estimated at 250mm, whereas the maximum should not exceed 2,000mm of water. 

(Moringanews & MAG, 2010)  

For the most optimal nutrient uptake, the soil in which the tree is 

planted should be moist at all times, however, it is important to 

choose a well-drained soil to prevent overwatering, which can lead 

to root degradation. The optimal soil moisture levels for M. oleifera 

growth are presented in Table 9. The moisture levels are given for 

each suitable for M. oleifera soil type. This means that the soil 

moisture level optimal for drumstick tree growth and nutrient 

absorption can range 5 – 28% VWC (Volumetric Water Content). 

(ConnectedCrops, 2018) 

Altitude can affect the physiology and ecology of a plant. It should be noted that many environmental 

factors change with a greater elevation such as increased solar radiation (which can boost the leaf gas 

exchange or even exceed the plant's saturation levels), change in temperature, increased air movement 

and other meteorological conditions. (Gale, 2004) At an elevation level of 1,000 m above sea level, 

under specific conditions with enough water availability, the leaf stomata can remain open, which may 

cause a doubling of transpiration rates. Nevertheless, increased transpiration might exhaust water 

availability which will lead to the closure of stomata and reduction of photosynthesis. Due to the 

number of factors that can affect the plant’s nutrient uptake, it is hard to estimate the optimal altitude 

for the growth of M. oleifera. It is proven that the drumstick tree can grow in altitudes ranging from 0 to 

2,000 meters above sea levels. (Moringanews & MAG, 2010) Most of the resources suggest that mid-

elevation (approximately 500 m above sea level) is the most optimal for the tree’s growth. (Modeste 

Bidima, 2016). Based on research conducted in East Africa, at a mid-elevation, the nutrient composition 

of M. oleifera leaves is more greatly increased, whereas, at a lower elevation, the nutrition of the green 

pods increased. (Melesse & Steingass, 2012) Two research studies have concluded that the 

concentration of most minerals in the drumstick leaves are comparable across mid- and low-altitude 

areas. (Melesse & Steingass, 2012) (Diriba B Kumssa, 2017) I. Modeste Bidima states that the total 

growth rate of the tree will slow down at an altitude above 1,300 m. (Modeste Bidima, 2016) However, 

this greatly depends on the photosynthesis limiting factors of the plant environment. 

Conclusion of the environmental requirements for optimal nutrient uptake  

In the above paragraphs, the most relevant environmental factors that can influence the Macro- and 

Micro-nutrient absorption and retention by M. oleifera have been discussed. The drumstick tree 

environment should meet the tree’s requirements for it to have the most optimal photosynthesis rate, 

nutrient absorption, and to maintain other key metabolic processes. Main requirements are given in 

Table 10 presented below. It is important to mention, that since India, Ghana and Kenya have very 

diverse climates, landscapes and meteorological conditions, this Table 10 has been developed, which 

can be applied by growers around the world. 

 

 

 

 

Soil texture Soil moisture level

Sand 5 - 10 % VWC*

Sandy-loam 8 - 18 % VWC*

Loamy-sand 5 - 12 % VWC*

Loam 10 - 28 % VWC*

*VWC (Volumetric Water Content) 

Table 9: Relation between soil texture and ideal 
soil moisture level. (ConnectedCrops, 2018) 

ideal soil moisture level. (ConnectedCrops, 
2018) 

Table 10: Requirement for an optimal nutrient uptake and retention by M. oleifera tree 

Parameter Requirements

Soil texture Loamy, sandy-loam, loamy-sand, sandy

Soil pH 5.5 - 7.5 

Soil moisture level 5 - 28%

Light 10.5 - 13.5 hours of light /day

Temperature 25-35°C (77-95 °F)

Hardiness zone above 10

Altitude ≈ 500 m above sea level
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B.1.2 Cultivation practices 

In this chapter, advice will be given on which cultivation practices are the most optimal for nutrient 

retention and overall growth of the drumstick tree. These practices are referred to as the “best” in this 

report. The focus will not lay on the most cost-effective or least labour-intensive practices; however, the 

ultimate goal is to find by all means sustainable solutions. 

As mentioned earlier, cultivation practices applied to the tree play a big role in the Macro- and Micro-

nutrient absorption of the M. oleifera leaves. This is because practices applied to M. oleifera directly or 

to the soil where it is planted may influence multiple factors such as the availability of the four limiting 

factors of photosynthesis, the soil nutrient content, root health (damage, rotting, etc.), and others. This 

is why it is especially important to know which practices meet the mentioned earlier requirements of M. 

oleifera, which will be identified and discussed in the upcoming subchapters. 

There are three common M. oleifera cultivation systems: Intensive production, Semi-intensive 

production, and Agroforestry. They differ by the planting density, fertilizer, and water application, 

whether or not intercropping is applied, etc. Farmers may choose different cultivation systems 

depending on their resources and the set goal. The practices applied in the systems will be discussed 

below. 

Preparation of land 

After selecting a site for M. oleifera cultivation that meets the earlier mentioned plant requirements, the 

area should be cleared of unwanted material such as stumps, branches and roots. (Modeste Bidima, 

2016) Multiple sources advise ploughing the plot. Ploughing improves the soil profile by enabling the 

trees to root more deeply, improving water drainage capacity of the soil, and enhancing capillary rise 

from groundwater sources. (van de Kamp & Langeloo, 2019) Improved drainage prevents the rotting of 

M. oleifera roots, whereas the ability of the tree to root deeply and the accessibility of groundwater 

capillaries enhance the nutrient uptake. For intensive production with a high planting density (which will 

be discussed later), it is advised to plough the soil to a maximum depth of 30 cm. (Moringanews & MAG, 

2010) Ploughing can be done manually or with a machine. (Modeste Bidima, 2016) Even though 

ploughing can boost the tree’s growth, it can also potentially cause land erosion in some tropical 

environments with heavy rains, wind, or sloped land. If these meteorological events are prevalent in the 

planting area, it is advised to dig planting pits and refill them with soil. (Moringanews & MAG, 2010) 

This system is especially advisable for low density (0.5 m x 1 m) semi-intensive planting or agroforestry 

type of cultivation with an even lower M. oleifera density. Pits should be from 30 to 50 cm deep, and 

from 20 to 40 cm wide. To achieve a better nutrient uptake, the soil can be mixed with manure before 

being added to the pit. (Moringanews & MAG, 2010) In comparison with ploughing, planting the trees in 

pits does not cause the same land erosion, while still enabling a good root penetration. 

Propagation  

There are many M. oleifera cultivars. Drumstick tree cultivars can be divided into two groups: traditional 

perennial and newly implemented cultivars PKM1 and PKM2. The perennial tree can last up to 25-30 

years, whereas PKM1 cultivar can be an efficient source of leaf production for up to 3-5 years. 

(Akkermans, 2020) (Vinayagam, 2020) PKM1 is better suitable for commercial leaf production than 

PKM2, as PKM2 has a better yield of pod flesh. (Vinayagam, 2020) PKM1 cultivar was developed at 

Periya Kulam Horticulture College and Research Institute in Tamil Nadu, India; for intensive M. oleifera 

leaf production. PKM1 implementation has led to an increase of commercialization of M. oleifera leaves 

cultivation in India and around the world. (Vinayagam, 2020) Nowadays, PKM1 cultivar is widely used for 

leaf production in Ghana, India, and Kenya; however, traditional cultivars are also still used. (Akkermans, 

2020) (Vinayagam, 2020) (Wanjera, 2020) No studies about the comparison of the nutritional properties 

of PKM1 and all other cultivars have been found, therefore, no advice can be given on which of the 

cultivars would yield the most nutrient-rich leaves. 
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M. oleifera tree can be grown from seed or from cutting. Both types of propagation can be done directly 
in the plot or first grown in nurseries. Growing in nurseries has both advantages and disadvantages. 
Seeds that are planted in suitable containers or plastic bags, for seedling production, should be placed 
in a nursery, which will protect the seedlings from direct sunlight, heavy rains and pest invasions 
(termites, grasshoppers, locusts), or household animals. (Moringanews & MAG, 2010) The seeds should be 
planted at a depth of 2 cm and watered every 2 to 3 
days. It is important to make sure that the seed is 
not overwatered and the water does not 
accumulate in the bag/container, which will affect 
the health of the seed. (Moringanews & MAG, 2010) 
This can be prevented by cutting holes in the 
bottom of the bag and watering only whenever the 
moisture content of the soil drops below a minimum 
5%. (TNAU, 1989) After the seeds germinate within 
the first two weeks, they should be kept in a nursery 
for 4 to 6 weeks before being transplanted in the 
plot, and only when they have reached a height of 
30 cm. (Moringanews & MAG, 2010) 

Propagating in nurseries from cuttings is another growing option. A 2 to 4 cm thick and 1 to 1.5 m long 
cutting collected from an at least one-year-old M. oleifera tree, can be propagated in suitable 
containers/bags. As for the seedlings, it is important not to overwater the cuttings and protect them 
from environmental threats such as pests and harsh weather conditions. (Modeste Bidima, 2016) 

The farmer can sow the seeds directly in his/her land plot, especially when the seed germination rate is 

high. If the seed quality is poor or unknown two seeds can be planted per pit. In case both of the plants 

germinate the weaker shoot can be removed when both plants have reached 30 cm. (Moringanews & 

MAG, 2010) The seeds should be planted at a depth of 2 cm for the most optimal germination. Water 

application practices and soil moisture content are identical to the nursery propagation; however, the 

amount of rainfall should be considered at all times. This is because the farmer should avoid 

overwatering the seed and shoot. The M. oleifera grower can also choose to cultivate the tree from 

cuttings directly in the plot. The propagation steps are identical to the ones mentioned for the nursery 

propagation.  

Seedlings Cuttings Seedlings Cuttings

Greater protection during early stages of growth 

Better controlled water application

Better controlled pest management 

No risk of root damage during transplanting

Less sensitive root system 

Faster development of the tree

An earlier availability of the first yield of leaves

Prevention of genetic variations

Less labour intensive

Less cost intensive

Less time consuming

Beneficial for land-scarce farmers 

Propagation techniques

Nurseries Directly in the plot

Factors

Technique forbits the factor

Technique enables the factor 

Table 11: Comparison of propagation techniques. (Akkermans, 2020), (Modeste Bidima, 2016), 
(Moringanews & MAG, 2010), (TNAU, 1989), (Wanjera, 2020) 

Figure 4: M. oleifera seedlings in a nursery. (Tree-nation.com, 2013) 
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In Table 11, the advantages and disadvantaged of propagating M. oleifera by using different techniques 

are shown. It can be concluded that there are various benefits to all four techniques. During nursery 

propagation the seedlings and cuttings can be monitored and managed easier; however, there is a 

greater risk that the roots will be damaged during transplanting, which can lead to a slower growth rate 

and later first-yield availability. Growing in nurseries is also more labour, time and cost-intensive. On the 

other hand, farmers with scarce land availability can benefit from propagating in nurseries, as they can 

keep using their land to cultivate other crops in the meanwhile. This is applied by some Kenyan farmers. 

(Wanjera, 2020) It should be noted by the producer that cultivating from seeds can lead to genetic 

variation, whereas this is not the case when cultivating from cuttings. Genetic variations can potentially 

affect the tree’s leave production rate and nutrient quality. It has been mentioned in several sources 

that the root system of cuttings is more sensitive than of seedlings. (Moringanews & MAG, 2010) In 

general, nursery propagation is not highly recommended, as it has more drawbacks than advantages. 

Nevertheless, the environmental and the farmer’s situational conditions play an important role while 

choosing the propagation technique. It is hard to conclude on which of the techniques ensures the best 

nutrient uptake by the plant; thus, no advice can be given.  

Planting  

The three most common cultivation types of M. oleifera that are applied by farmers are intensive 

production, semi-intensive production, and agroforestry. The farmer’s cultivation type choice directly 

influences the soil preparation practices, plant spacing, height of the tree, irrigation and fertilization 

practices, and other factors. The farmer may choose a planting method, depending on his/her 

production scope and the product for which they cultivate M. oleifera. Leaf and seed cultivations are 

mostly separated unless the tree is grown in a household’s backyard and is not managed by the owner. 

Intensive production is a monoculture production of M. oleifera with high planting density. Many 

sources suggest various planting densities from 20x30 cm, 20x20 cm, 15x15 cm to 20x10 cm. (TNAU, 

1989) (Moringanews & MAG, 2010) (Akkermans, 2020) (Vinayagam, 2020) Larger spacing should be 

made, for example, every 4 meters, to create alleys to facilitate harvesting and other crop management 

activities. (TNAU, 1989) Intensive M. oleifera production is best suitable for commercial purposes, as this 

cultivation method provides the highest yield per ha ratio. Nevertheless, higher crop density and yield 

come with more intensive management practices, higher costs, and higher pest and disease risks. 

(Modeste Bidima, 2016) PKM1 cultivar is commonly used for intensive leaf production. (Vinayagam, 

2020) For intensive production, the described earlier ploughing and direct seeding practices are applied. 

Due to a dense monoculture planting the soil of the land plot might start depleting faster. (Akkermans, 

2020) This is important to remember during mulching and fertilizer application. When the trees are 

planted too densely, the root growth may be slowed down leading to lower nutrient uptake. Also, when 

young plants are spaced too closely, they will be forced to compete for sunlight and, due to the slowed 

air movement between the plants, less transpiration will take place, which ultimately leads to a lower 

photosynthesis and growth rates.  

Semi-intensive production is another type of monoculture production of M. oleifera with a lower plant 

density than in the intensive system. The plant spacing varies from 50cm to 1m between the trees. 

(Modeste Bidima, 2016) The trees are usually planted through the planting pits method described 

earlier, due to the lower plant density. The farmer chooses the propagation technique depending on 

what suits his farm environment. The semi-intensive cultivation system is especially suitable for small-

scale producers, as it yields good results while requiring less maintenance, labour and input. (TNAU, 

1989) (Modeste Bidima, 2016) 

Agroforestry is another way to grow M. oleifera trees while intercropping the tree rows with other 

crops. Intercropping can be applied in the semi-intensive M. oleifera production. The idea of this system 

is to intercrop the drumstick tree with other crops while maintaining the distance of 0.5-1m between M. 
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oleifera trees. When intercropping, it is important to keep a large distance between the rows of M. 

oleifera trees (about 2 to 4m) and orient the rows from East to West, to ensure the optimal sunlight 

uptake by the intercrops. (Moringanews & MAG, 2010) The distance between the trees tends to be 

larger in agroforestry than in semi-intensive production. In both practices, trees are usually planted in 

pits, due to the lower density. In general, intercropping is a good solution for small-scale farmers with 

scarce land and low labour availability, which are not highly commercially oriented. In comparison with 

intensive production, which has a density of 250,000 to 500,000 trees per ha, agroforestry has a density 

of about 200 M. oleifera trees per ha. (Modeste Bidima, 2016) The agroforestry practice is widely 

applied by small-scale farmers in Kenya and is slowly gaining popularity in Ghana. (Wanjera, 2020) 

(Akkermans, 2020) This system is supposed to be more cost-effective in the Ghanaian environment, as 

mentioned by one of the interviewees. (Akkermans, 2020) 

It is important to choose the right plants to intercrop with M. oleifera. Generally, it is advised to avoid 

intercropping the drumstick tree with high nitrogen requiring plants, such as maize and cassava, as they 

can limit the tree’s nitrogen uptake. (Modeste Bidima, 2016) Tall growing crops like millet, sorghum and 

other shade trees, may potentially limit M. oleifera’s access to light, which may result in a lower growth 

and photosynthesis rates. (TNAU, 1989) Plants that need additional chemical treatment should also be 

avoided. M. oleifera can benefit from plants that enrich the soil with minerals, for example, nitrogen-

fixing leguminous plants like beans, soy, cowpea and groundnut. Low-growing and shade-tolerant plants 

are preferred when intercropping M. oleifera. (Moringanews & MAG, 2010) When applied correctly, 

agroforestry and intercropping can be beneficial for the crops and the small-scale farmer.  

When comparing the three M. oleifera cultivation methods it is hard to determine which of the systems 

ensures the best nutrient uptake by the tree. Intercropping can provide additional nutrients in the soil 

(when legumes are cultivated); however, when planted with shade-giving crops, M. oleifera might 

receive insufficient sunlight for photosynthesis. Intensive and semi-intensive practices should be 

managed properly for optimal plant growth. Therefore, careful analysis of soil moisture content, 

fertilizer application and pest management, is key to the health of the tree.  

Maintaining a field of M. oleifera  

The shaping of young trees is an important practice to enhance the later branching and leaf production. 

It plays a key role in the creation of bushy growth. (Moringanews & MAG, 2010) Frequent pruning is 

crucial for a sufficient leaf production. Naturally, M. oleifera grows tall branches, which mainly produce 

fruit. These trees yield of leaves is of poor quantity and quality. M. oleifera main stem should be pruned 

when it reaches about 60cm (10cm from the top). Later, new branches will appear, which should also be 

pruned when they reach the length of 20cm (10cm from the end). This will cause the plant to gain a 

bushy form and will enhance leaf production. (Modeste Bidima, 2016) Maintenance trimming is applied 

after harvesting by cutting the branches right above the node, which enables the plant to grow new 

branches quicker. For an optimal leaf production, the trees should be kept relatively short to avoid seed 

production, at about 1m height. Trees at agroforestry or other non-intensive production sites can be 

kept taller up to 2m. “High-density planting and frequently trimming enable convenient and continuous 

weekly harvests of young shoots”. (Yang, Chang, & Hsu, 2006) It has not yet been proven whether 

pruning also influences the nutrient absorption by the plant and the leaves nutrient content. 

Nevertheless, it is crucial to balance M. oleifera growth to a vegetative (leaf) growth instead of 

generative (flowers/pods), for an optimal leaf yield. One of the main ways to shift the balance is to apply 

correct pruning practices, described earlier. The trees that are not pruned cannot be used for optimal 

leaf production purposes, they can be converted to pod- and seed-producing trees.  

As discussed in the previous chapter, water is essential for M. oleifera growth. It is important to 

maintain a soil moisture content between 5-28% for optimal plant growth (the exact percentage 

depends on the soil texture; see the previous chapter). Since M. oleifera can be cultivated in many 
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places around the world with diverse rainfall patterns, it is very hard to identify a uniform irrigation 

standard for the tree. Therefore, it can only be suggested to make sure that the soil surrounding the 

roots does not dry out completely nor becomes soaking wet. Maintaining the right soil moisture will 

lead to proper nutrient uptake and growth of M. oleifera.  

There are diverse types of irrigation systems that can be applied to a field of M. oleifera. Manual 

watering with a rubber hose or watering can are common practices done by small-scale producers. 

(Modeste Bidima, 2016) They are cheap and easy to apply but the grower has a greater risk of 

accidentally overwatering the soil or watering the trees unequally. Irrigating through sprinklers is a more 

expensive way of more equally irrigating the land plot; however, a large percentage of water may 

evaporate before reaching the root system. Drip irrigation, on the other hand, is easier to manage, 

which can avoid under and overwatering, and avoids water losses. Like sprinklers, drip irrigation is 

overall less labour intensive than other practices, after the instalment of the system. However, some 

sources state controversial opinions about drip irrigation. (Akkermans, 2020) (Vinayagam, 2020) Drip 

irrigation is widely applied in intensive leaf productions in India and the lowlands of Kenya. (Vinayagam, 

2020) (Wanjera, 2020) Generally, it is advised to irrigate in the early morning, in the evening or at night 

to reduce evaporation. (Moringanews & MAG, 2010) Fertigation is applied in intensive systems, which 

will be discussed in the following paragraphs. It is important to note, that the drumstick tree should not 

be grown in extreme water-scarce regions, as M. oleifera “extension as a commercial crop in water-

scarce areas is limited.” (TNAU, 1989) 

Mulching is a practice of covering the soil above the plant’s root system, meant to maintain the soil 

moisture content by reducing water evaporation, minimize irrigation requirements during the dry 

months and battle the weed growth. (Moringanews & MAG, 2010) Mulch can be made up from dry 

plant organic matter (straw, hay, sawdust, etc.) or black plastic cover. (TNAU, 1989) Mulch keeps the soil 

cool and moist, which is crucial in hot environments. 

The organic matter mulch provides a buffer between the environment and the surrounding the root 

system soil. Organic matter, compared to the plastic cover, decays and provides additional nutrients 

that feed M. oleifera. (Akkermans, 2020) The mulch helps to retain water in the soil. Depending on the 

thickness of the mulch the frequency of reapplication varies (approximately every 4 weeks). 

(Akkermans, 2020) In intensive production, mulching should be executed continuously, which requires 

more investment. Gathering organic matter and creating mulch can be a challenging process in many 

regions, due to a general lack of organic matter. This problem is present in Ghana. (Akkermans, 2020) 

Organic matter mulching can also be applied to seedlings at the nursery level to stimulate their growth 

and protect the plant. (Wanjera, 2020) 

A plastic mulch cover made from polyethylene can also be used in commercial M. oleifera leaf 

production. The plastic cover ensures the stability of soil properties, such as temperature and moisture 

content. (Lalitha & Kasthuri Thlagam, 2010) Holes located throughout the cover, let the air access the 

root system. If the field is drip irrigated, the system is placed beneath the plastic cover which minimizes 

the water and fertilizer waste through evaporation. (Vinayagam, 2020) The combination of drip 

irrigation and plastic mulch application reduces nitrate leaching, as no excess rainfall drains the minerals 

out the soil. (Lalitha & Kasthuri Thlagam, 2010) Weed growth beneath the cover is also limited, due to 

increased temperature and lack of sunlight. (TNAU, 1989) Compared to organic mulching, the plastic 

cover does not provide any nutrients for plant absorption. The environmental pollution caused by the 

insufficient disposal of plastic materials should be kept in mind at all times unless more expensive 

biodegradable plastic is applied to the field. (Lalitha & Kasthuri Thlagam, 2010) The technique of plastic 

mulch application on M. oleifera fields is widely spread in India and is used in other countries like Ghana. 

(Vinayagam, 2020) (Akkermans, 2020) 
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Fertilizing the drumstick tree. M. oleifera can produce an efficient yield of rich in protein and minerals 

leaves; however, only if the tree has received a sufficient amount of nutrients that maintain the plant’s 

growth. The soil should provide the tree with a good source of nitrogen and minerals, to maintain the 

plant’s development. (Moringanews & MAG, 2010) Organic matter (compost) application is a form of 

fertilization practice. To achieve a good compost quality, fast decomposing residue, like manure, green 

and soft plant residue, should be mixed with slow decomposing residue, like straw and dry plant matter. 

This is done to achieve the wanted Carbon-to-Nitrogen-ratio of 30 C per 1 N. (van Eerten-Jansen, 2019) 

If too much animal manure is added to the compost, more N compared to C will be present in the soil, 

which can lead to a decrease in soil organic matter. On the other hand, when there is a lack of N and an 

abundance of C (when only dry straw, etc. is added), no Nitrogen will be available for plant growth and 

development, which will result in lower yields. (van Eerten-Jansen, 2019) Therefore, it is crucial to create 

a balanced C/N ratio compost for the optimum nutrient availability for the tree. Organic matter in 

compost has a positive effect on soil structure, improves moisture retention, buffers nutrients and is a 

nutrient medium for soil life, which is beneficial for the growth and nutrient uptake and retention of the 

tree. (van de Kamp & Langeloo, 2019) Improved water retention capacity by the soil tends to lead to 

fewer losses of mobile nutrients, which is beneficiary for M. oleifera growth. (Stomph, 2020) It is 

important to notice, that nutrient uptake by the plant may be compromised when only animal manure is 

applied to the soil. This is because animal manure contains less effective organic matter in relation to 

the nitrogen and phosphate contents than compost. (van de Kamp & Langeloo, 2019)  

Compost should be applied during land preparation, to increase the water-holding properties and 

nutrient content of the soil, which will be of benefit for the seedlings and cuttings. During the cultivation 

of the trees, compost can be reapplied to the soil as often as necessary but at least ones or twice per 

year, preferably before the rainy seasons. (Moringanews & MAG, 2010) Identically to mulch, creating 

compost can be a challenge in many regions, due to a general lack of organic matter. (Akkermans, 2020) 

The majority of Kenyan farmers use compost or manure to fertilize the soil and avoid using artificial 

fertilizer and spraying practices. (Wanjera, 2020) 

Organic fertilization is also widely used in M. oleifera leaf production. It can be applied manually, 

through spraying or fertigation. Fertigation is a technique that combines irrigation and fertilization 

practices. This technique is widely applied together with drip irrigation in large-scale M. oleifera 

production. (Vinayagam, 2020) It is advised to apply an organic fertilizer after each harvest, to boost the 

leave production. (Vinayagam, 2020)  

The chemical composition of compost or fertilizer can have a direct effect on the nutritional content of 

the leaves. (Wanjera, 2020) In a study conducted by Yameogo and Begaly, it has been found that M. 

oleifera tree samples planted in three sectors located within the same climatic factors of Ouagadougou 

city, have greatly different Macro- and Micro-nutritional contents. The authors explain this phenomenon 

with the difference in the soil nutrient composition, which can be greatly influenced by farmer’s 

fertilizer or compost choice and application. (Yameogo, Bengaly, & Savadogo, 2011) An important 

addition to the previous statement is that it is not only the number of mineral elements present in the 

soil that impacts the M. oleifera nutrition but also the chemical form in which the elements exist in the 

soil. (Diriba B Kumssa, 2017) Overall, providing the tree with additional nutrition has no drawbacks when 

it comes to the plant’s growth and nutrient uptake, as long as it is done according to existing guidelines. 

Weeding is applied to remove weed growth from the land plot and to loosen the soil for better aeration. 

Improper weeding may lead to a lower M. oleifera leaf yield, due to the tree’s competition with the 

neighbouring weeds for inputs like nutrient and sunlight. (Moringanews & MAG, 2010) Damaging the 

root system of the tree should be strongly avoided when the practice is applied. Weeding is especially 

important in the early stages of the drumstick tree growth and/or in high-density planting. Weeds 

should not be buried in the soil; this will only increase their future growth. When weeds are dry the 
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residues can be reapplied to the soil as mulch, which will benefit the soil properties in the long-term. 

(Modeste Bidima, 2016) In intensive-monoculture systems, weeding should also be applied regularly, 

due to an already limited growing space. As mentioned earlier, intercropping and mulching, especially 

plastic cover mulching, reduce weed growth. (Akkermans, 2020) (Wanjera, 2020) (Vinayagam, 2020) 

Regular weeding benefits the nutrient uptake by the drumstick tree, as it illuminates possible 

competitors.  

Harvesting frequency greatly varies according to the M. oleifera tree production cycle, which can be 

influenced by the region where the tree is cultivated and by the applied by the farmer practices. 

(Akkermans, 2020) The drumstick tree should be grown to a height ranging from 0.5-1 meter before the 

first harvest, depending on the chosen cultivation system. Under non-intensive cultivation conditions, 

traditional tree breeds can last up to 25-30 year. (Akkermans, 2020) PKM1 breed’s first yield can be 

collected on the 90th day after sowing. (Vinayagam, 2020) PKM1 can be harvested again every 30-40 

days for up to 3 years. (Adu-Dapaah, Osei-Bonsu, & Oduro, 2017) Leaves should be collected early in the 

morning when it is still cool outside. (Akkermans, 2020) Harvesting in the evening when the 

temperature falls, is also an option. Dew on the leaves should be avoided, as it can influence the shelf-

life of the produce. (Moringanews & MAG, 2010) The harvested leaf’s Macro- and Micro-nutrient 

content can differ depending on the season and the plant age. (Witt, 2013) However, it is hard to 

determine what is their exact correlation. Growth stage at which the leaves are harvested can also 

influence the nutrient composition of the leaves. Mature M. oleifera leaves have been established to be 

more nutritious than young shoots. (Yang, Chang, & Hsu, 2006) They also dry quicker and with lower 

nutrient loss. (Yang, Chang, & Hsu, 2006)  

Other factors can also potentially influence M. oleifera nutrient absorption processes, such as pest 

invasions and roaming animals. (Moringanews & MAG, 2010) This is why the trees should be carefully 

protected at all times. 

Conclusion on cultivation practices for an optimal nutrient uptake 

Regardless of the chosen by the farmer cultivation system (intensive, semi-intensive or agroforestry), it 

is possible to maintain an efficient growth of M. oleifera. This can only be achieved, when the farmer’s 

practices meet all the earlier mentioned requirements (see chapter B.1.1) needed for optimal nutrient 

uptake and development of the tree. Cultivation practices like land preparation, propagation, tree 

shaping, irrigation, mulching, fertilizing, and weeding, are applied to enhance the tree’s growth and 

increase the yield. They should be applied thoughtfully to avoid damaging the plant. The potential risks 

of discussed cultivation practices and the consequences that they could lead to are shown in Table 12. 

To ensure optimal plant nutrient uptake and growth, the farmer should consider the unique 

surroundings of his/her farms. 

 

 

 

 

 

 

 

 

Table 12: Potential risks and consequences of poor cultivation 
practices Cultivation practices Risks Consequences for M. oleifera  nutrient uptake

Using highly compacted soil
Poor root system development 

and its degradation

Land erosion 
High water and nutrient leakage, leading to

low nutrient availability

Genetic alterations of seeds Potential lower growing ability

Root damage by transplantation
Declined absorption of water and nutrients 

through the root system

Overwatering Root system degradation and soil erosion

Underwatering Poor nutrient uptake and photosynthesis rate

Incorrect compost C/N ratio 
Nitrogen and Organic matter shortage for plant

growth

Incorrect pH and element balance in the 

used fertilizer

Nutrient deficiencies that lead to decreased 

growth 

Weeding Growth of weeds
Lower nutrient and sunlight accessibility,

restricting tree development 

Pest control Pest invasion 
Physical damage to the plant that can result in 

slowed growth or even death

Land preparation

Irrigation 

Propagation

Fertilization 
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B.2 Moringa oleifera leaves cultivation costs and revenue 
For commercially oriented producers, the production costs can vary significantly depending on unique 

farm and business circumstances. The main factors that influence M. oleifera leave cultivation costs and 

revenue are the following: 

• The environmental conditions, such as soil fertility, organic matter accessibility, rainfall 

adequacy, day duration, temperature stability and other factors. A fluctuation of one or another 

factor might force the farmer to take immediate actions, to maintain his/her production. The 

farmer might be required to purchase input and/or install systems to prevent the loss of yield 

quality and quantity. Such activities will result in increased cultivation costs and potentially 

lower revenue. 

• The cultivation system applied by the farmer (intensive, semi-intensive and agroforestry) can 

greatly influence the production costs. One farmer might invest in non-intensive cultivation, 

which will require less input and maintenance and, therefore, will be less costly. Whereas, 

another farmer with an intensive system, would be compelled to invest continuously to 

maintain the cultivation. 

• The land plot size of M. oleifera leaf production can fluctuate from large-scale producers in 

India with up to 20-30 ha to small-scale producers in Kenya with 1-2 ha of M. oleifera. 

(Vinayagam, 2020) (Wanjera, 2020) Depending on the land dimension managed by the farmer, 

his/her production costs will vary significantly; therefore, her yield and revenue can also be 

influenced.  

• Whether Organic practices are applied to the land plot. Organic certification may result in 

greater revenue, due to an increase of the product added value. However, certification 

attainment, continuous application and auditing are cost-intensive and time-consuming 

practices for the producer. 

• The socio-political circumstances present in the country that can potentially affect the farmers 

business growth and income. Ghana, India, and Kenya are unique countries that cannot be 

compared; thus, it is important to recognize that all of them have different business enabling 

environment that can have an impact on the farmer. 

• Demand for M. oleifera leaves may affect the revenue of the farmer. If the demand for 

fresh/raw leaves or M. oleifera powder drops, the farmer will not be able to gain profit from 

his/her yield, which will result in losses. The demand influence can come from both 

international and local markets.  

• Last but not least, the farmer M. oleifera cultivation knowledge can both positively or 

negatively affect the yield quality and quantity, which will have a direct influence on the 

production revenue.  

The price that a farmer receives for his/her M. oleifera leaves deviates per situation. In Kenya, for 

example, the minimum price that a farmer earns for one kg of leaves is 2.5 dollars. (Wanjera, 2020) For 

larger producers, the revenue depends on whether he/she processes the leaves into powder 

him/herself. In this situation, the producer’s revenue depends on the profit received from the final 

product sold on local or international markets. It should be kept in mind that many M. oleifera farmers 

are not commercially oriented, due to a lack of resources or demand. Many farmers cultivate the leaves 

as a food source for their families and do not consider it to be a possible source of income. Others sell 

the drumstick seeds to large oil and cosmetic processors and consider the leaves to be a by-product. 

It is hard to estimate the exact cultivation costs and revenue, due to the earlier mentioned factors. A 

separate business case study should be conducted, which does not fit in the scope of the current work. 

Therefore, a conclusion can be made that: the best cultivation system from a business perspective is 

greatly dependent on the surrounding the farm and farmer characteristics. 
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C. What is the best method to process Moringa oleifera leaves into powder for large-

scale production used for export? 
Fresh produce like M. oleifera leaves denature and lose their physical and nutritional properties after 

being harvested. Therefore, it is important to consume the leaves or preserve them soon after harvest. 

Food preservation methods are common around the world and are meant to extend a product’s shelf 

life. The most commonly applied preservation technique for M. oleifera leaves is processing them into a 

dry powder. Recently, powered M. oleifera leaves started gaining more and more interest among the 

population of Ghana, India, and Kenya as well as in the international market. As stated in the first 

chapter, fresh/raw M. oleifera leaves do have overall 

higher vitamin, mineral and protein content than other 

commonly consumed DGLV. However, since vitamins, 

minerals and proteins content levels can be affected 

during applied preservation techniques, it is important 

to analyse the possible impact of the processing steps 

on the nutrient content of the leaves. The “best 

processing method of M. oleifera leaves into powder” 

is defined as the combination of processing steps that 

leads to the least losses of vitamins, minerals, and 

protein during the making of M. oleifera leaf powder 

from fresh/raw leaves. Also, the economic side of 

powder production will be touched upon. To meet the 

set agreements described in the project plan, large-

scale production techniques will be mainly focused on. 

C.1 Moringa oleifera nutrient stability 
As mentioned earlier M. oleifera fresh/raw leaves contain an overall high level of vitamins, minerals, and 

protein (see chapter A.2). However, during and after processing nutrients can denature or leak, causing 

a decrease in the nutrient content of the end-product. This can also result in lower nutrient accessibility 

and bioavailability for humans, during the consumption and digestion of the product. There are physical 

and chemical factors that can affect nutrient stability, that are shown in Figure 6. To minimize nutrient 

losses preventive measures, such as the application of proper technology during processing and storage 

are crucial. Proper processing technologies include the control of temperature, moisture content and pH 

value, protection from air, light, and incompatible metal contamination. (Wirakartakusumah & Hariyadi, 

1998)   

In the following subchapters, vitamins, minerals, and proteins that were mentioned in chapter A.2 will 

be touched upon.  

 

 

 

 

 

 

 

 

Figure 5: M. oleifera leaf powder. (WeightWorld, 2020) 

Figure 6: Factors influencing nutrient stability. (Wirakartakusumah & Hariyadi, 1998) 
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C.1.1 Vitamin stability 

The chemical composition of a nutrient is strongly connected to its stability and the potential effect that 

a processing method can have on that nutrient. (Reddy & Love, 1999) Therefore, fat-soluble, and water-

soluble vitamins should be covered separately. In Table 13 the relation between the sensitivity levels of 

both fat- and water-soluble vitamins and the influencing factors are indicated. 

Fat-soluble vitamins, that are proven to be present in M. oleifera leaves, are vitamin A and E. Fat-soluble 

vitamins can be subjected to denaturation at the presence of “potent catalysts” like light, air, 

incompatible metal elements (particularly Fe and Cu), heat and oxidizing agents. The water activity (aw) 

and moisture content of the product during and after processing impacts the sensitivity of fat-soluble 

vitamins. (Reddy & Love, 1999)  

• Vitamin A is highly sensitive to direct light (Ultraviolet) exposure and enzymatic or 

nonenzymatic oxidation. (Brouwers, 2020) It also partly degrades after the application of high 

thermal processing. Incompatible metal elements have an impact on the vitamin content. 

(Reddy & Love, 1999) 

• Vitamin E is more stable than vitamin A and is not as easily destroyed during ordinary cooking 

processes. However, vitamin E does oxidize slowly when exposed to ait or oxidizing agents. 

(USAID, 2013) It is sensitive to direct light and heat exposures. (Reddy & Love, 1999) 

Water-soluble vitamins, that were touched upon in the first chapter, are listed below. These vitamins are 

sensitive to the same exposure factors like fat-soluble vitamins; however, due to the water-soluble 

structure, the vitamins are more sensitive to leaching during washing or cooking than fat-soluble 

vitamins. (Reddy & Love, 1999)  

• “Vitamin C (Ascorbic acid) is very susceptible to chemical oxidation during processing, storage, 

and unstable in air.” (Ball, 2006) It can be lost completely during heavy processing, due to rapid 

heating and humidity exposure. (Brouwers, 2020) The destruction of ascorbic acid begins during 

the harvest of the crop. (Ball, 2006) 

• Vitamin B1 (Thiamin) is the most heat-sensitive of all B vitamins. (Ball, 2006) The stability of 

vitamin B1 highly depends on the moisture content of the product. (USAID, 2013) It is sensitive 

to exposure to oxygen and direct light. (Reddy & Love, 1999) 

• Vitamin B2 (Riboflavin) is greatly affected by light exposure, which causes the vitamin’s 

degradation. Oxygen can also impact vitamin’s stability. However, it is generally stable during 

high moisture and heat levels. (USAID, 2013) 

• Vitamin B3 (Niacin) is one of the vitamins with the highest stability. The main losses occur 

through leaching of the vitamin into water during washing or cooking practices. (USAID, 2013) 

Light Oxygen Heat Humidity Acids Alkalis
Oxidizing 

agent

Reducing 

agent

Vitamin A xxx xx xx x xx x xxx x

Vitamin E xx xx xx x x xx xx x

Vitamin C - Ascorbic acid x xxx xx xx xx xxx xxx x

Vitamin B1 - Thiamin xx xx xxx xx x xxx x x

Vitamin B2 - Riboflavin xxx xx x x x xxx x xx

Vitamin B3 - Niacin x x x x x x x xx

Vitamin B6 - Pyridoxine xx xx xx x xx xx x x

Vitamin B9 - Folate xx x x x xx xx xxx xxx

Hardly or not sensitive

xx

xxx 

Sensitive

Highly sensitive

Water-

Soluble 

Fat-

Soluble  

Vitamins

x

Table 13: Sensitivity of Vitamins. (USAID, 2013) 
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• Vitamin B6 (Pyridoxine) losses occur during prolonged heating and exposure light. (Ball, 2006) 

Vitamin B6 is less susceptible to oxidation. It can also leach into the water resulting in the 

decrease of vitamin content. (USAID, 2013) 

• Vitamin B9 (Folate) “being water-soluble, is lost during the water blanching of vegetables due to 

both thermal degradation and leaching.” (Ball, 2006) It is sensitive to the presence of light, and 

oxidizing and reducing agents; however, it is relatively stable to heat and humidity. (USAID, 

2013)  

To secure vitamin stability and reduce the risk of vitamin denaturation the influencing factors should be 

controlled and/or limited. Based on Table 13 it can be concluded that light, heat, and oxygen exposures 

predominantly influence the stability of the majority of the vitamins. Therefore, the exposure limits of 

these factors are discussed below. 

Heat: Vitamins that are the most heat sensitive are vitamin A, E, C, B1 and B6 (see Table 13). A study on 

M. oleifera leaf drying temperatures and their effect on the vitamin content of the leaf has been 

conducted. In this study, the highest retention level of vitamin A and E after drying was observed at a 

temperature ranging from 30°C until 60°C, whereas at 105°C more vitamin content loss has occurred. 

(Clement & Olatunde, 2017) Therefore, it can be concluded that the temperature that M. oleifera leaves 

are exposed to during and after processing should not exceed 60°C, for optimal vitamin retention.  

Light exposure should be avoided to prevent the denaturation of vitamin A and B2 but also the loss of 

the majority of other vitamins (see Table 13). In the research conducted by Clement & Olatunde, sun 

drying techniques were compared to shade drying (in a room). Vitamin A and C content in M. oleifera 

leaves dried under direct sunlight was significantly lower than in the leaves dried in shade. (Clement & 

Olatunde, 2017) Ultraviolet light has a large effect on vitamins (specifically vitamins A, C and B2), as it 

degrades them through photodegradation. (Clark & Jung, 2014) To conclude, M. oleifera leaves should 

be protected from direct and indirect sunlight to maintain the stability of all vitamins.  

Oxygen exposure affects the stability of most of the vitamins, especially vitamin C. “Chemical oxidation 

of ascorbic acid is lowered during processing by carrying out vacuum deaeration and inert gas treatment 

where feasible.” (Ball, 2006) Oxidization prevention is very costly and difficult. However, when reducing 

the processing time, the air exposure period also decreases. Vitamin loss through oxidizing can be 

reduced to a minimum during storage by using glass containers (instead of plastic bottles, bags and 

cartons), by decreasing the “headspace” in the container (the product should fill up the container until 

the lid) and by hermetically sealing it. (Ball, 2006) 

Humidity does not only play a role in the growth prevention of microorganisms but is also crucial for the 

product’s chemical stability. Vitamin C an B1 with a water-soluble structure are the ones mostly affected 

by increased or decreased humidity rates. Proper packaging that avoids moisture gain and oxygen 

access is therefore crucial for vitamin loss prevention. (Ball, 2006) 

Vitamins, especially vitamin A, are sensitive to metallic ions (of Fe and Cu) exposure. (Reddy & Love, 

1999) Therefore, it is important to maintain good practices, to lower the risk of metal contamination 

and vitamin loss.  

C.1.2 Mineral stability  

Minerals that are proven to be present in M. oleifera leaves are Ca, Cu, Fe, Mg, Mn, P, K, Se, Na and Zn. 

Minerals in foods are less sensitive to exposure factors during processing than vitamins. (USAID, 2013) 

They are not affected by light, oxidizing and reducing agents, pH or heat. (Reddy & Love, 1999) 

Compared to vitamins, mineral retention level lowers predominantly through physical removals like 

leaching and milling. However, some minerals (copper, iron, and zinc) can also be lost through chemical 

reactions with other components like carbohydrates and proteins. Moisture content can also play a role 
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in mineral stability. (USAID, 2013) The main loss of minerals occurs through leaching into processing 

water. The degree of leaching depends on the damage rate of the product. (Brouwers, 2020) 

While leaching and milling are the main threats for mineral losses, heat and dehydration processes only 

increase mineral content. “The general increase in mineral contents with increase with drying 

temperature is attributable to concentration factor due to moisture removal, which resulted in higher 

level of total soluble solid.” (Alakali & Kucha , 2015) The higher the drying temperature of M. oleifera 

leaves the higher the mineral content in the dried leaves, which is the opposite for vitamins. (Alakali & 

Kucha , 2015) Ca, Mg, K, P, Fe and Zn showed a higher content per 100g of M. oleifera leaves after 

drying at a temperature of 70°C compared to 30°C, 40°C, 50°C and 60°C. (Alakali & Kucha , 2015) The 

increased moisture content of dried leaves will result in an overall lower content of mineral per 100g of 

leaves, due to the increase in product volume through water absorption. Therefore, proper packaging 

should be applied. 

C.1.3 Protein stability  

Protein stability can be influenced by previously mentioned factors (see Figure 6). The structure of 

proteins can change through both physical and chemical reactions. Physical denaturation of proteins can 

occur due to a critical change in temperature, pressure, pH level, etc. It can change its chemical, physical 

and/or biological properties; nevertheless, “controlled thermal denaturation in food proteins is known 

to improve the functionality of food proteins”. (Pathania & Parmar, 2019) Chemical degradation 

(oxidation and deamidation) are heat and moisture dependant and disturbs the biological activity and 

alter the structure of a protein. (Pathania & Parmar, 2019)  

Due to the lack of studies about M. oleifera protein structure and stability, it is hard to determine the 

exact denaturation temperature of the leaf’s protein. Proteins and enzymes denature with the increase 

of surrounding temperature, which results in a change in the nutrient content of the product. 

(Gopalakrishnan, Doriya, & Kumar, 2016) Generally, the melting temperature of most proteins is at 41°C. 

(Clement & Olatunde, 2017) As temperature increases above this maximum, protein denaturalization 

process increases representatively, resulting in significant protein content decrease. The higher the 

temperature the greater protein degradation rate. (Alakali & Kucha , 2015) On the other hand, protein 

concentration in dried leaves increases with the temperature, due to the evaporation of moisture; 

however, when heated above 40°C the protein composition of M. oleifera leaves starts to drop, as 

protein starts to degrade. (Alakali & Kucha , 2015) 

Ultraviolet light can denature protein by creating protein cross-links and fragmentation, which can 

result in changed chemical properties of the protein. (Clark & Jung, 2014) Proper protection and storage 

measures should be applied to reduce protein loss, throughout all stages of processing and storage.  

Oxygen exposure affects the composition of amino acids, especially cystine and methionine, through 

oxidation. (Pathania & Parmar, 2019) Therefore, oxygen contact with the product should be minimized. 

C.1.4 Conclusion on nutrient stability  

M. oleifera leaves vitamins, minerals and proteins are all perishable to a certain extend when exposed to 

influencing factors. To secure maximum nutrient retention of the leaves during and after processing, the 

following measures, presented in Table 14, can be applied. 

 

 

 

 

Table 14: Measures that can help reduce nutrient losses. 

Factors

Light 

Oxygen

Heat

Metal contamination

Measures that can help reduce nutrient losses

Avoidance of direct sunlight (UV) exposure

Limiting the exposure to oxygen

Temperature boundary of 40°C

Avoidance of metal contamination (Fe and Cu) 
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C.2 Processing steps of Moringa oleifera leaves and their effect on the nutritional value and 

hygiene of the product 
The nutritional content of M. oleifera leaves can be affected at all stages of the tree growth as well as 

during and after processing. (Wanjera, 2020) The drumstick tree cultivation and its relation to the tree’s 

nutrient absorption and growth have been covered in chapter C.1. However, the leaf’s nutrient content 

can also be greatly influenced after harvesting. In chapter C.2, the commonly applied processing step 

applied during the production of dry M. oleifera powder will be covered. Experts from Ghana, India and 

Kenya have shared the powder production techniques common in their countries, which also will be 

touched upon in this chapter. 

C.2.1 Harvesting 

Harvesting practice was described earlier in chapter C.1, from the perspective of tree cultivation system. 

Many sources advice to harvest M. oleifera leaves early in the morning or in the evening when the 

temperature is low. (Akkermans, 2020) Dew on the leaves should also be avoided, as it can cause the 

leaves to rot. (Moringanews & MAG, 2010) When a branch with leaves is cut from the tree, it is advised 

to protect it from direct sunlight as soon as possible. As mentioned earlier, vitamins and proteins are 

sensitive to light exposure. (Brouwers, 2020) “Direct sun exposure of leafy vegetables, as often practised 

in the tropics, results in considerable destruction of total carotene, but retention is improved by 

minimizing light exposure through shade provision”. (Ball, 2006) Therefore, the time of light exposure 

should be reduced to a minimum. Another way to minimize nutrient losses is to collect branches with 

attached leaves and to avoid stripping them right from the tree. The less the tissues of the leaf are 

damaged the less vitamin enzymatic destruction occurs. This practice can also slightly slow down the 

rotting process of the leaves. (Ball, 2006) Some vitamin content loss during harvesting (especially 

vitamin C) cannot be prevented. 

C.2.2 Transportation  

The short distance between the M. oleifera field and processing facility is crucial for the quality of the 

final product. Leaves start rotting and forming moulds a half-hour after being harvested. (Akkermans, 

2020) This results in a very short time frame for transportation and the start of processing. 

Transportation should be performed during the coolest parts of the day, right after harvest, to minimize 

nutrient and quality loss. (Moringanews & MAG, 2010) The collected branches should be stored in a 

container that would prevent the leaves from being damaged (squished) during transport. (Modeste 

Bidima, 2016) Branches should also be well ventilated to slow down the mould formation; however, the 

increase of exposure to oxygen can lead to the denaturation of vitamins and proteins through oxidation. 

(Modeste Bidima, 2016) (Ball, 2006) Light protection is also highly advised during transportation. If 

leaves must be transported for long distances to reach the processing facility, refrigerated vans can be 

used. (Moringanews & MAG, 2010) The low temperature will prevent microbiological growth and will 

not lead to significant nutrient loss and will reduce vitamin loss. (Ball, 2006) 

C.2.3 Stripping  

Some farmers choose to strip the leaves from the branch manually on the cultivation site. (Akkermans, 

2020) In India, leaves are brought to the processing centre, where leaf strippers are used to separate the 

leaves from the branch. (Vinayagam, 2020) During both manual or mechanical leaf stripping process, 

damage to the leaf structure can occur, which can lead to a faster deterioration of the leaves, and 

vitamin and protein oxidation. As leaf stripping is a process that cannot be skipped when producing M. 

oleifera leaf powder, the producer should be aware of the potential nutrient loss. Therefore, this 

process should be done as efficiently as possible, while protecting the leaves from high temperatures 

and sunlight. During the stripping process, poor quality leaves can be discarded. (Moringanews & MAG, 

2010) All leaves that are yellow or brown, or do not meet the quality requirements should be sorted out. 

(Akkermans, 2020) 
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C.2.4 Washing  

After M. oleifera leaves are stripped from the branch, they are washed to remove dirt and dust. The 

leaves are usually washed 3 times: the first and third time in freshwater, and the second time in saline 

water (1% salt concentration). (Moringanews & MAG, 2010) This practice is applied both in Ghana and 

Kenya. (Akkermans, 2020) (Wanjera, 2020) It is important to use fresh water to wash the leaves. It is 

common to wash M. oleifera leaves in a chemical solution for proper sanitization in India. (Vinayagam, 

2020) Both saline and chemical treatments are meant for microbiological removal, which is beneficial 

for the overall product quality, depending on the safety of the chemicals used in the process. However, 

it is not clear how these mediums influence the nutrient retention of the leaves. What is important to 

notice is the possibility of nutrient leaching. Vitamins, especially water-soluble vitamins, can leach 

through the damaged tissues of vegetables into the water during washing practices. (Ball, 2006) 

Minerals are also susceptible to leaching. Nutrient leaching increases with the amount of damage, 

caused to the leaves structure during harvesting, transporting and stripping. (Brouwers, 2020) A 

potential solution for the reduction of nutrient loss can be the prevention of initial leaf damage and the 

shortening of washing time. Exposing leaves to direct sunlight and heat is not advisable. 

Some producers apply blanching practice to the leaves before drying them. Blanching is done in hot 

water at a temperature ranging from 95-100°C for a few second or a minute. (Gerald, 2018) Although 

this practice is beneficial for microbiological removal, it has a great consequence for the nutritional 

properties of the product. Vitamins and proteins degrade at high temperatures even during short 

exposure periods; therefore, a nutrient loss can be expected. (Ball, 2006) 

C.2.5 Draining 

After washing, the leaves should be drained from the water used during the washing step. Wet leaves 

can be put on a tray or container with holes for about 15 minutes. (Moringanews & MAG, 2010) 

Draining the leaves reduces their moisture and, therefore, shortens the drying period. This step reduces 

both time and costs of the drying process. (Akkermans, 2020) Prolonged exposure to air and/or sunlight 

can lead to vitamin and protein degradation. (Ball, 2006) (Pathania & Parmar, 2019) Therefore, the 

shorter the draining process the higher the nutrient retention level. Heat can accelerate the draining 

process; however, it can also cause vitamin and protein denaturation. Draining the leaves in a cool and 

dark environment can be advised. Vitamins and minerals can also leak from the leaves during draining. 

(Ball, 2006) (Brouwers, 2020) 

C.2.6 Drying  

Drying the drumstick leaves is an important step of M. oleifera leaf powder production. When drained 
properly the leaves should be directly moved to the drying facility. The shorter the time between the 
processing steps, the lower the rate of vitamin and protein oxidation. Several drying techniques are 
applied to M. oleifera leaves. Some are used by small-scale producers; others are applied during 
commercial and intensive production. The list of drying techniques that will be covered is following sun 
drying, shade drying, room/container drying, solar drying, oven drying and freeze drying. The main 
incentive of drying the leaves is to increase the product’s shelf life by minimizing microbiological growth 
by decreasing the leaf moisture content. It is generally recommended to dry M. oleifera leaves to a 
moisture content below 10%. (Moringanews & MAG, 2010) This reduces the development of moulds, 
bacteria and other contaminating organisms. (Adu-Gyamfi & Mahami, 2014) 

Sun drying is a low-cost drying method used by many small-scale farmers, whereby the leaves are 

spread on a cloth and put outdoors in direct sunlight. This method does reduce the microbiological 

contamination, due to the leaf prolonged exposure to heat and sunlight. (Umar & Isyaku, 2014) 

However, light exposure causes significant leaf nutrient content loss. (Wanjera, 2020) As stated in 

chapter C.1, the majority of vitamins and proteins are affected by Ultraviolet light. (Brouwers, 2020) As 

sun drying is an open-air system, the leaves are not protected from contamination, thus product 

hygiene and quality cannot be promised. (Akkermans, 2020) 
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Shade drying is similar to sun drying. The leaves are also spread on a cloth outdoors, but unlike sun 

drying, they are covered with a shade-providing structure to minimize sunlight contact. This is a 

common practice among small and non-commercial scale producers that are trying to enter the local 

markets. (Akkermans, 2020) Air drying systems have a relatively higher protein retention percentage, 

due to lower temperatures. (Umar & Isyaku, 2014) Nevertheless, due to constant fresh air exposure, the 

oxidation of vitamins and proteins can take place, even with a lowered light contact when placed in the 

shade (see chapter C.1). Both mentioned open-air systems (sun and shade drying) cannot guarantee the 

quality and hygiene of the product. (Akkermans, 2020) Relatively low drying temperature might not stop 

or decrease the microbiological growth to the required minimum. (Adu-Gyamfi & Mahami, 2014) 

Room or container drying are more controlled compared to previous drying methods. M. oleifera leaves 

are spread on a cloth on racks in ventilated rooms or containers. (Moringanews & MAG, 2010) The 

difference between room and container drying is the scale of the process. Both spaces should provide a 

hazard-free environment for the drying of the leaves. Proper air circulation is maintained in such drying 

system by using vents or fans, which is crucial for humidity reduction. (Moringanews & MAG, 2010) 

Room/container drying is done at a lower temperature (approximately 30°C) for a longer period 

compared to solar or oven drying. This increases the availability of moisture for microbiological growth. 

A conducted study showed that room dried M. oleifera leaves had a relatively higher cell count of 

bacteria, moulds and yeasts, compared to oven and solar dried leaves. (Adu-Gyamfi & Mahami, 2014) 

“Room-dried leaves cannot be guaranteed mould-free with the maximum recommended moisture 

content of 10%.” (Moringanews & MAG, 2010) Also, the constant air ventilation can stimulate further 

oxidation of vitamins and proteins. On the other hand, the low drying temperature results in a higher 

protein and vitamin retention in the leaves (see Chapter C.1). (Umar & Isyaku, 2014) 

Solar drying system uses solar energy to reduce leaf moisture content. Unlike sun drying, solar drying is 

a closed system practised in a solar drying tunnel covered by Ultraviolet (UV) resistant polyethylene. 

(Moringanews & MAG, 2010) The UV enabling cover decreases vitamin and protein denaturation 

process; however, it is not clear to what extent. Solar tunnels can be used by both small- and large-scale 

producers, depending on the size of the structure. The leaves are less exposed to fresh air, due to the 

closed system, which can benefit nutrient retention and lower the risk of contamination. The solar 

method of drying has better microbiological quality than room/container drying, due to a higher 

temperature range (approximately 35°C - 55°C). (Moringanews & MAG, 2010) (Adu-Gyamfi & Mahami, 

2014) The study presented by A. Adu-Gyamfi and T. Mahami states that solar dried M. oleifera leaves 

microbiological quality was also superior to that of oven dried leaves, which can be due to a longer 

drying period. (Adu-Gyamfi & Mahami, 2014) The microbiological growth in leaves dried in solar tunnels 

depends on what temperature the system heats up to. In this system, nutrients are most likely to be 

exposed to heat (temperatures above 41°C), which can lead to protein denaturation, and to light, which 

is only partially limited by the UV resistant cover. 

Mechanical (oven) drying is used by large-scale M. oleifera leaf powder producers oriented on both 

local and international markets. This drying system is more reliable as it can be used all year round and 

is not dependant on the environmental conditions. Both electric and gas hot-air dryers are suitable to 

use. (Moringanews & MAG, 2010) The temperature in the oven ranges between 50°C and 55°C but it 

should not exceed 55°C, as then the leaves can become brown. A conducted study states that the 

microbiological quality of oven drying was greater than the quality of room dried leaves; on the other 

hand, solar dried leaves were superior to oven dried leaves. (Adu-Gyamfi & Mahami, 2014) Due to high-

temperature exposure vitamins and minerals can desaturate. “The oven dried had the least value of 

protein content among the dried samples and this might be as a result of the high temperature in the 

oven.” (Umar & Isyaku, 2014) Oven drying has one of the lowest vitamin C retention levels compared to 

other drying systems. (Saini & Shetty, 2014) 
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Freeze drying (lyophilization) – is a more novel drying technique used in the commercial food industry. 

During this process, the drumstick leaves are frozen at −35 °C and dried under pressure. The condenser 

average temperature should be set at −60 °C. (Saini & Shetty, 2014) (Umar & Isyaku, 2014) In several 

studies, fresh M. oleifera leaves dried by lyophilization were found to be best suitable to retain 

maximum content of ascorbic acid (vitamin C), carotenoids, protein and other elements. (Saini & Shetty, 

2014) (Umar & Isyaku, 2014) (Gyamfi & Kwarteng, 2011) This is mainly due to the involvement of lower 

temperatures in the drying process and due to minimalized external oxygen and light influences. (Umar 

& Isyaku, 2014) (Gyamfi & Kwarteng, 2011) The absence of photo and heat reactions slows down the 

denaturation process of vitamins and proteins. Freeze drying lowers the moisture content significantly, 

which leads to the prevention of microbiological growth. (Silva & Almeida, 2019) The influencing factor 

that can potentially cause vitamin and protein denaturation is the exposure to oxygen; however, it is 

greatly limited. 

In Table 15 the potential risk factors that can influence nutrient stability and the overall quality of M. 

oleifera leaves during various drying techniques are presented. A drying technique can be called “the 

best” depending on the perspective. Sun drying technique is the cheapest, easiest to install and the 

most accessible drying method from all listed systems. This is mainly the reason why many small-scale 

producers use it to dry their yield. From the perspective of hygiene, any open-air systems and some of 

the closed air systems (depending on the quality of the construction) do not comply with the hygiene 

standards. The hygienic conditions of closed air-drying systems strongly depend on the unique 

circumstances of the processing facility. Without meeting the hygiene quality standards, access to the 

international market is limited. Microbiological growth prevention cannot be secured by some of the 

drying system, which can lead to contaminated produce. From a nutrient retention perspective, freeze 

drying system seems to have the least potential risks factors that can lead to a nutrient stability loss, due 

to a low operating temperature, the limitation of heat, light and oxygen exposures and a closed system 

drying method. However, this processing technique is highly costly. The two key remarks that all 

processors should consider for optimal overall product quality are: 

1. Final moisture content below 10%, to prevent microbiological growth; 

2. A heating limit of 55°C, to prevent leaf browning. (Moringanews & MAG, 2010)  

These remarks are not suitable for optimal nutrient retention (see Table 14).  

 

 

Drying technique Potential risk factor Nutrient affected Potential effect

Direct sunlight exposure Vitamins and proteins Denaturation

Prolonged oxygen exposure Vitamins and proteins Oxidation 

Open air system Overall quality Poor hygiene 

Indirect sunlight exposure Vitamins and proteins Denaturation

Prolonged oxygen exposure Vitamins and proteins Oxidation 

Open air system Overall quality Poor hygiene 

Prolonged oxygen exposure Vitamins and proteins Oxidation 

High moisture availability Overall quality Microbiological growth

Heat exposure Vitamins and proteins Denaturation 

Indirect sunlight exposure Vitamins and proteins Denaturation

Leaf browning/burning Overall quality Product degradation

Heat exposure Vitamins and proteins Denaturation 

Leaf browning/burning Overall quality Product degradation

Freeze drying Oxygen exposure Vitamins and proteins Denaturation

Drying technique effect on nutrient stability

Drying technique effect on overall product quality

Sun drying

Shade drying

Room/Container drying

Solar dying

Oven drying

Table 15: Drying techniques potential effect on nutrient stability and overall quality of M. oleifera leaves 
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C.2.7 Grinding 

When the leaves are dried below the moisture content of 10%, they are ground into powder. Grinding 

should be done in a stainless-steel mill. For household purposes, a kitchen blender or mortar can be 

used. (Moringanews & MAG, 2010) At this processing step, it is important to avoid metal contamination, 

which can not only damage the overall safety and quality of the product but also the stability of some 

vitamins. (Ball, 2006) Using equipment made from bronze, brass, copper, and iron will significantly 

decrease the vitamin content of the powder and, therefore, should be avoided. (Ball, 2006) Grinding is 

one of the few processes that can impact the mineral content of M. oleifera leaves by physically 

removing them. (Reddy & Love, 1999) Therefore, this process should be done as fast and efficient as 

possible to decrease the losses. The grinding of the leaves increases the surface area that is exposed to 

oxygen. This can lead to higher levels of vitamin and protein oxidation. (Ball, 2006) The resulting powder 

is very moisture absorptive, which can lead to mould formation and product degradation. (Akkermans, 

2020) Processing the leaves during the dry season can help lower the moisture absorption by the 

powder.  

C.2.8 Drying the leaf powder  

Since M. oleifera leaf powder can reabsorb humidity during and after milling, it is recommended to dry 

the powder before packaging. (Moringanews & MAG, 2010) The final humidity of the powder should not 

exceed the range of 6-7%, otherwise, the product will denature. (Vinayagam, 2020) To achieve this, the 

powder should be dried at 50°C for 30 minutes. (Moringanews & MAG, 2010) The additional heating can 

have a negative impact on the vitamin and protein structure of the powder. This processing step is not 

necessary if the recommended moisture content has been met during the prior drying process.  

C.2.9 Packaging  

Correct packaging is crucial for the retention of nutrients and overall quality of M. oleifera powder. The 

powder should be packaged as quickly and efficiently as possible after the previous processing step, to 

prevent moisture reabsorption and product long term exposures to light, heat and oxygen. (Akkermans, 

2020) The packaging should be UV resistant and opaque, to prevent light penetration that can lead to 

vitamin and protein denaturation. (Brouwers, 2020) The chosen packaging should be hermetically 

sealable to inhibit oxygen and humidity penetration. Plastic bottles, bags and cardboard cartons are 

permeable to oxygen and moisture and, therefore, should not be used. Glass containers that inhibit light 

and UV penetration are the most suitable for vitamin retention. (Ball, 2006) Decreasing the “headspace” 

in the container by filling up the container until the lid, lowers the oxygen exposure of the powder. (Ball, 

2006) Vacuum packaging can be used to diminish nutrient denaturation. (Ball, 2006) 

Labelling is an important part of any food packaging. It should include the name of the product, net 

content, name and address of the producer, country of origin, batch identification number/code, 

instruction for use, production date and nutritional information. (Moringanews & MAG, 2010)  

C.2.10 Storage 

The packaged M. oleifera powder should be stored under cool, dark and dry conditions. (Moringanews 

& MAG, 2010) These conditions can markedly reduce vitamin loss. (Ball, 2006) 

C.2.11 Hygiene 

A high level of hygiene should be maintained throughout the completion of all processing steps, 

whether or not the product is destined for the international market. (Moringanews & MAG, 2010) 

Processing should take place in processing facility rooms that have a low light, heat and moisture 

penetrations rate, for the most optimal nutrient retention. Clean and freshwater should be used for 

washing and cleaning practices. The processing facility should be hazard-free (dust, insects, etc.) to 

lower the product contamination risks. Employees involved in the production should wear personal 

protective equipment (PPE) like head caps, nose and mouth caps, gloves and other, at all times. (Gerald, 

2018) 
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C.2.12 Conclusion on how processing steps affect nutritional value and hygiene of the product 

As discussed in this chapter, the nutritional value of M. oleifera leaves can be influenced during all 
processing steps of powder production. Nevertheless, the variation of the nutritional content of 
fresh/raw drumstick leaves should not be underestimated. Identical processing techniques with leaves 
from various origins or trees can lead to a different M. oleifera powder nutritional composition.  

In Table 16 all processing steps required for M. oleifera powder production are stated. The effects that 
they can potentially have on nutrient stability and overall quality of the powder are described, together 
with the possible prevention methods that can be applied to reduce the potential damage. The 
denaturation of vitamins and proteins can be limited but not fully prevented, as their chemical 
structures are relatively sensitive to processing. Minerals, on the other hand, are more stable. 
Nutritional loss prevention is complex and highly expensive, as it requires specific practices, equipment, 
and packaging materials. The optimal conditions for nutrient retention do not always meet food safety 
and microbiological growth prevention requirements.  

The dehydration process of the leaves increases the concentration of nutrients, but it significantly 
lowers the quantity of the final product, since the fresh/raw drumstick tree predominantly consists of 
water. From 100 kg of fresh/raw M. oleifera leaves approximately 6.5 kg of dried leaf powder can be 
produced. (Modeste Bidima, 2016) 
 

 

Processing step Potential risk factor Nutrient affected Potential effect Prevention method

Direct sunlight exposure Vitamins and proteins Denaturation Covering the harvested leaves

Prolonged oxygen exposure Vitamins and proteins Oxidation Shortening the harvesting time

Heat exposure Vitamins and proteins Denaturation Harvesting during cool temperatures

Damaging of leaf structure All nutrients Denaturation and future leaching Avoiding branch stripping on sight

Dew formation on leaves Overall quality Accelerate leaf rotting Avoiding collecting wet leaves

Direct sunlight exposure Vitamins and proteins Denaturation Covering the harvest during transportation

Prolonged oxygen exposure Vitamins and proteins Oxidation Shortening the transportation time

Heat exposure Vitamins and proteins Denaturation Transporting during cool temperatures

Damaging of leaf structure All nutrients Denaturation and future leaching Avoiding damaging (squishing) the leaves

Leaf rotting Overall quality Loss of leaf yield Transporting quickly and at cool temperatures

Structural damage of the leaf Vitamins and proteins Oxidation Delicate leaf removal from the branch 

Structural damage of the leaf Overall quality Leaf deterioration and rotting Delicate leaf removal from the branch 

Water contact Vitamins and minerals Leaching Avoiding initial leaf damage and extended washing

Damaging of leaf structure All nutrients Denaturation and leaching Avoiding damaging the leaves while washing

Direct sunlight exposure Vitamins and proteins Denaturation Washing the leaves under shade 

Heat exposure Vitamins and proteins Denaturation Transporting during cool temperatures

Polluted water usage Overall quality Leaves do not get cleaned Using fresh and clean water

Water drainage Vitamins and minerals Leaching Cannot be prevented 

Direct sunlight exposure Vitamins and proteins Denaturation Draining the leaves under shade or indoors

Prolonged oxygen exposure Vitamins and proteins Oxidation Shortening the drainage time

Heat exposure Vitamins and proteins Denaturation Draining the leaves during cool temperatures

Drying

Damaging of leaf structure Vitamins and minerals Leaching Cannot be prevented 

Metal contamination Vitamins Denaturation Avoiding bronze, brass, copper and iron equipment

Prolonged oxygen exposure Vitamins and proteins Oxidation Shortening the grinding time

Moisture absorption Overall quality Microbiological growth Shortening the grinding time

Metal contamination Overall quality Loss of product safety and quality Avoiding using poor quality or old equipment 

Heat exposure Vitamins and proteins Denaturation Lowering the drying temperature

Moisture reabsorption Overall quality Microbiological growth Achieving a moisture content between 6-7%

Direct sunlight exposure Vitamins and proteins Denaturation Shortening the packaging time

Prolonged oxygen exposure Vitamins and proteins Oxidation Shortening the packaging time

Heat exposure Vitamins and proteins Denaturation Shortening the packaging time

Moisture reabsorption Overall quality Microbiological growth Shortening the packaging time

Contamination Overall quality Loss of product safety and quality Ensuring safety and hygiene in the facility

Direct sunlight exposure Vitamins and proteins Denaturation Using light and UV resistant, opaque packaging

Prolonged oxygen exposure Vitamins and proteins Oxidation Decreasing "headspace" in the container 

Moisture reabsorption Overall quality Microbiological growth Using hermetically sealable glass containers

Direct sunlight exposure Vitamins and proteins Denaturation Storing in dark conditions

Heat exposure Vitamins and proteins Denaturation Storing in cool conditions

Moisture reabsorption Overall quality Microbiological growth Storing in dry conditions

Processing step effect on nutrient stability

Processing step effect on overall product quality

Grinding

Drying the powder

Packaging 

Package

Storage

Draining

Covered in Table 15

Harvesting 

Transpotation

Stripping 

Washing 

Table 16: The potential effect of processing steps on nutrient stability and overall quality of M. oleifera leaves 
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C.3 Cost-effective processing technique(s) of Moringa oleifera leaves into powder 
The lowest cost-intensive processing technique for M. oleifera powder production is the system applied 

by small-scale producers for household purposes. This includes processing methods such as sun or 

shade drying, and kitchen blender or mortar powdering. These processing steps are more cost-effective 

compared to the ones used at large-scale production. However, they are not suitable for M. oleifera 

powder production destined to be sold at local or international markets. Poor hygiene and processing 

practices can be a risk to product quality. In a recent study, high levels of E. coli, Pseudomonas spp., and 

Salmonella were sound in several retail samples of M. oleifera leaf powder. (Adu-Dapaah, Osei-Bonsu, & 

Oduro, 2017) Therefore, it is crucial to avoid risks by meeting good practices guidance. 

Processing techniques more suitable for local and international markets are oven drying, freeze drying 

and the use of proper industrial grinding equipment, as they can be certified. This drying equipment is 

more reliable when it comes to reaching the required moisture content, whereas, proper grinding 

installations can decrease the risk of contamination or pollution of the product. The downside of these 

types of machinery is the costs involved in their purchase, instalment, and maintenance. Large-scale 

processing facilities have higher costs involved in the form of freshwater, which sometimes can require 

installation of a boiler, electricity bills, labour costs and others.  

Solar drying is relatively cheap compared to earlier mentioned industrial driers. Solar driers are also 

seen as more environmentally friendly, as they require fewer inputs and use renewable solar energy. 

This type of drying suits both small- and large-scale producers because the size of the drier can be 

adjusted according to the needs of the processor. However, the quality and safety of the product cannot 

be guaranteed with this drying system. A conducted risk analysis study of solar energy drying systems 

has stated that solar drying cannot eliminate or reduce to an acceptable level the occurrence of hazard 

in the drying produce. (Feili & Aghaee, 2012) Therefore, solar dried M. oleifera powder might not be 

easily accepted on the international markets. 

For the production to be profitable a constant supply of proper quantity and quality of drumstick leaves 

should be maintained, which is not always realistic. Some producers see farmer community creation for 

centralized processing, as a possible future solution for small-scale producers to upscale their leaf 

production. (Akkermans, 2020) For this, however, a knowledgeable processing facility manager should 

be in place. A constant demand is also a crucial factor for the effectiveness of a M. oleifera powder 

producing business. 

There is no single solution for the most optimal and cost-effective processing method. This is because, 

processing of M. oleifera leaves into powder is only a part of the whole M. oleifera powder supply chain, 

which can strongly differ per country and local circumstances. Having cost-effective processing 

techniques and exporting M. oleifera powder to international markets like the USA and EU are not 

highly compatible. 
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D. The organization of local M. oleifera leaf growers and processors in Ghana, India and 

Kenya  
In the previous subchapter C.3, the crucial role of the supply chain organization in the profitability of a 

M. oleifera leaf producers was highlighted. Therefore, a closer look at how drumstick leaf producers are 

organized in Ghana, India and Kenya will be taken in the following paragraphs. The currently present 

challenges and opportunities that producers face will be described.  

D.1 The Republic of Ghana 
In the Republic of Ghana, there is a division between commercial and conventional M. oleifera leaf 

producers. Commercial producers are the large-scale companies that have obtained and Organic 

certification (will be discussed in subchapter D.5) and good quality equipment and can export their 

products to the European and North American markets. Currently, there are several large companies, 

who’s M. oleifera leaf production and processing operations are fully based in Ghana; largest exporting 

brands are “Moringa Connect” and “Moringa King”, which have a monthly output of approximately 6 

tons. The small-scale producers in Ghana have not yet switched to Organic production. Many Ghanaian 

small-scale farmers only grow M. oleifera to sell the seeds to larger processers. For small-scale 

producers, upscaling the leaf production by outsourcing the drying and grinding practices is challenging, 

due to the quick deterioration of the leaves after the harvest (see chapter C.2). Some small-scale 

producers process M. oleifera ingredients into final products themselves; however, due to the lack of 

proper machinery and hygienic practices, they are usually of poor quality. Such products do not enter 

the international market and are sold locally. Medium-scale producers try implementing new 

equipment and obtaining certification. The largest challenge for them is to gain the necessary 

production yield required for export purposes, as well as covering all the production upscaling costs. 

(Akkermans, 2020) 

There are a few hurdles for Ghanaian 

producers. Obtaining the required for the 

international market Organic certification 

and proper cultivation and processing 

equipment is expensive and time-

consuming. There is a low accessibly of 

freshwater in rural areas that is required for 

both irrigation and leaf washing practices. 

Purchasing of industrial-size water boiler is 

also quite costly. The unreliable power 

fluctuation of electricity can easily damage 

the machinery. (Akkermans, 2020) 

A possible future solution for the small-scale producers in Ghana is the creation of communities with a 

centralized processing facility, which must be located in a town or village not further than 30 minutes 

away from the farms to avoid product denaturation during transportation. This solution could 

potentially increase the production scale for many M. oleifera farming households. Certifying all 

producers and monitoring their compliance with good practices may be a challenge. (Akkermans, 2020) 

Nevertheless, there are already several large producers like “Moringa Connect” currently involved in the 

training of M. oleifera farmers for leaf and seed production. “Moringa Connect” alone supports over 

1000 farmers in northern Ghana. (Adu-Dapaah, Osei-Bonsu, & Oduro, 2017) 

 

 

Figure 7: The approximate organization of Ghanaian M. oleifera leaf 
and powder producers. (Akkermans, 2020) 



35 
 

D.2 The Republic of India 
In the Republic of India, M. oleifera tree is widely cultivated. There are both small-scale farmers with 

only up to 2-5 ha of land and larger-scale growers with up to 20-30 ha of land. Smallholders mainly grow 

M. oleifera leaves by applying intercropping system. They sell their leaves fresh or dry to larger 

processors. Currently, in India, there is an increasing rise in the number of large-scale M. oleifera leaf 

farmers. These commercial producers start investing in processing equipment to produce leaf powder, 

depending on the quantities of their harvest. (Vinayagam, 2020) India is the leading producer and 

supplier of M. oleifera products like leaf powder, seed oil and other products. (CBI, 2018) Both Organic 

and conventional M. oleifera powder is produced in India. (Vinayagam, 2020) 

PKM1 and PKM2 M. oleifera tree cultivars have significantly changed the production scale of the 

drumstick tree in India. Originally M. oleifera has been grown exclusively for household purposes. Since 

these annual cultivars have been introduced and popularized, they have quickly replaced the traditional 

perennial drumstick trees in the Southern states of the Republic of India. Nowadays, many of both 

small-scale farmers and commercial growers are using PKM1 and PKM2 cultivars for their production. 

(TNAU, 1989)  

D.3 The Republic of Kenya 
In the Republic of Kenya, there are both small- and large-scale M. oleifera producers. Smallholder 

farmers cultivate drumstick trees on 1-2 ha, usually applying intercropping systems. Farmers who grow 

purely M. oleifera almost always have ¼ or half an acre available for growing other crops. The largest 

individual farms present in Kenya that cultivate M. oleifera are approximately 5 ha. Small-scale farmers 

form groups, so in total, the farmers grow up to 10 ha collectively. (Wanjera, 2020)  

Many Kenyan farmers decide to invest in growing drumstick leaves individually on a large-scale (10 ha) 

after hearing that M. oleifera powder production is a good investment. However, as there is a lack of 

market for the produce, farmers are strongly persuaded to grow fewer trees, to stay profitable. There 

are many risks and costs involved in growing 10 ha of M. oleifera for a Kenyan producer. There is no 

structure present in Kenya that could help and guide M. oleifera producers to optimize and develop the 

production and value chain. Many international companies and specialists promote different intensive 

drumstick farming techniques in Kenya. However, not all the recommendations are beneficial or 

applicable for the Kenyan farmers. Many of intensive production practices recommended are short term 

oriented, which does not support the Kenyan farmer's interest. (Wanjera, 2020) 

The farmers that grow M. oleifera in a group also process the leaves collectively. Often the drying 

station is set up by one of the farmers for the benefit of the whole cooperative. The owners of not 

actively used flour mills provide paid milling services to the collective. The processing costs of the total 

yield is fairly divided depending on the initial yield share of the farmers. (Wanjera, 2020) 

Figure 8: The approximate organization of Indian M. oleifera leaf and powder 
producers. (Vinayagam, 2020) 
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The Kenyan local market demand for M. 

oleifera powder is small and still must 

be developed. There is a general lack of 

marketing knowledge amongst Kenyan 

producers, which could be improved 

with external support. Local producers 

do not produce exclusively for export 

yet, therefore, not much M. oleifera is 

exported from Kenya. Some external 

companies buy Kenyan drumstick 

powder in bulk. (Wanjera, 2020)  

D.4 Outgrowers 
Outgrowers are small-scale farmers that grow M. oleifera and sell the leaves or seeds to larger 

processing companies that produce the final product for both local and international markets. Inputs 

from small-scale farmers increase the processing volumes and the product quantities of the exporting 

company. For smallholder farmers, outgrowing allows them to have a more stable demand for their 

products and sell their produce for a better price. 

There are some challenges in using outgrowers. M. oleifera leaves quickly deteriorate after harvest, 

therefore, the transport time and distance to the processing facility must be as short as possible (see 

chapter C.2). Due to the high perishability of fresh leaves, the outgrowers are mainly used for seed 

production in Ghana. (Akkermans, 2020) In India, outgrowers are used for multiple purposes. 

(Vinayagam, 2020) Another challenge is to secure the compliance of the outgrowing farmer’s cultivation 

practices with the requirements of an acquired certification. The outgrowers must comply with the 

same certification, otherwise, there is a high chance of losing the certification license. (Akkermans, 

2020) Thorough inspections and proper contracting the risk can be mitigated to secure the quality. 

D.5 Organic certification  
There are both conventional and Organic M. oleifera leaf powder present on the local and international 

markets. Globally there is a rising interest in Organically certified drumstick powder; however, the 

supply is not sufficient enough to meet the demand. (CBI, 2018) In order to export to the European 

Union or the United States of America, the acquisition of EU Organic and/or USDA Organic Certification 

is advised. An Organically certified powder can be sold at a higher price, which can potentially provide 

the producer with higher revenue. (CBI, 2018) (Vinayagam, 2020) 

Organic production requires additional investment costs. (Vinayagam, 2020) Obtaining certification is a 

complex and costly process, as all the Organic requirement must be met by M. oleifera producers such 

as correct prior land plot usage history, organic inputs application (organic fertilizer), avoidance of 

chemicals, regular processing facility and storage inspections, and many more. (Akkermans, 2020) 

(Vinayagam, 2020) Proper documentation and recordings must be done accordingly to the certification 

scheme. The biggest hurdle for a small-scale producer is the cost that is embedded in the process of 

shifting from a conventional to an Organic certified M. oleifera production. (Akkermans, 2020) 

According to CBI, several companies that supply organic M. oleifera powder from India have not met the 

pest content requirements that are allowed by the EU Organic market in the past. To tackle this 

problem, strict control has been enforced on Indian Organic M. oleifera produce entering the European 

market. (CBI, 2018) This has resulted in stricter certification compliance, which can be both a 

complication for farmers that cannot meet the set requirements, as well as an opportunity, for the ones 

that already successfully meat the Organic standards. 

Figure 9: The approximate organization of Kenyan M. oleifera leaf and powder 
producers. (Wanjera, 2020) 
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E. Added value of Moringa oleifera leaves and powder 
In this chapter, the added value of M. oleifera leaves will be discussed. This includes the different ways 

of how the tree can create value for people from the country of origin (Ghana, India and Kenya) and 

internationally. The potential drumstick tree leaf benefits for human nutrition and wealth, as well as the 

environmental benefits, will be discussed below. 

E.1 For consumers in Ghana, India and Kenya  
Unlike international consumers, the local producers of M. oleifera leaves do not only benefit from leaves 

due to the nutritional properties. For many farmers, the drumstick tree plays an important role in their 

household income. The environmental benefits of M. oleifera cultivation will also be touched upon.  

E.1.1 Moringa oleifera leaves as a part of national cuisine in Ghana, India and Kenya  

Traditional presence of M. oleifera in national cuisine and the culinary preparation practices applied 

varies per country. In the Republic of India, the drumstick tree is a common part of the diet. Before the 

introduction of large-scale farming of PKM1 and PKM2 cultivars, the tree used to be grown in the 

backyard garden and was mainly consumed fresh in the household. (Vinayagam, 2020) Nowadays, this 

practice is still applied. 

M. oleifera leaves are freshly prepared at home into 

traditional meals such as drumstick leaves ragi roti 

(traditional flatbread) (see Figure 10)  and drumstick 

leaves stir-fry. (Sekharan, 2020) The consumption of 

drumstick tree pods is more common to Indian cuisine. 

Dishes, which include the pods are murungakkai 

masala, drumstick mutton masala, thrissur-style 

drumstick sambar, and others. (Sekharan, 2020) M. 

oleifera powder in India is added to tea or used as a 

supplement. (Vinayagam, 2020) 

In the Republic of Ghana, contrariwise to India, M. oleifera tree is not a common part of the traditional 

local diet. It is incorporated in the diets of a few Ghanaian tribes, which are historically familiar with the 

tree. Unlike in India, in Ghana mostly only the leaves are consumed. The leaves are added to multiple 

dishes of the traditional cuisine but do not serve as the core component of the meal. The leaves can be 

cooked in tomato-based soups and stews or added to a steamed dish made from beans, grains and 

other local vegetables. (Akkermans, 2020) In the past 10 years, more Ghanaians got familiar with M. 

oleifera tree, mainly due to a rising number of local producing companies. However, this knowledge has 

not yet been broadly spread, especially not in rural areas. M. oleifera leaf powder is not a widely 

consumed product yet but it starts gaining growing popularity in urban areas. The people who do use M. 

oleifera powder add it to their prepared dishes. (Akkermans, 2020) 

Fresh M. oleifera leaves are mainly consumed on the farmers level in the Republic of Kenya. This is due 

to the short shelf life of the drumstick leaves and a surplus of other local and indigenous vegetables like 

Spinach and Amaranth leaves (see subchapter A.3.4) on the local market. Dried M. oleifera leaves are 

mainly sold on the local markets and are consumed by people, that know about the characteristics and 

preparation techniques of the leaves. Dried leaves are popular among working or single people, who 

lack the time or willingness to go to the market. M. oleifera fresh or dried leaves are added to existing 

meals as a replacement to other vegetables. Leaf powder is added into meals as a spice or to table salt. 

Kenyan children mainly consume leaf powder, as it is easier to implement in their diet by adding it into 

porridges, yoghurts and local drinks. (Wanjera, 2020) 

 

Figure 10: M. oleifera leaves Ragi Roti. 
(Archana's Kitchen, 2013) 
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E.1.2 Enhancing the nutritional security 

Nutritional deficiencies are among the world’s largest problems that are currently faced by humanity. 

(Teixeira & Carvalho, 2013) The prevalence of undernourishment varies greatly per country from 5.5% in 

Ghana to 14.5% in India and 29.4% in Kenya. (The Global Food Security Index, 2019)  Micronutrient 

deficiency, so-called “hidden hunger”, is also present in the listed countries. In the Republic of Ghana, 

about 22% of children (6-59 months) are suffering from Iron deficiency and 21% from vitamin A 

deficiency. Approximately 54% of Ghanaian non-pregnant women (15-49 years) are affected by Folate 

deficiency. (University of Ghana, 2017) In the Republic of India, about 33% of preschool children (<5 y. 

o.) were reported to have the prevalence of vitamin A deficiency. Anaemia, which can be caused due to 

iron, folic acid and other micro-nutrient deficiencies, affects almost 50 to 60% of the Indian population 

in 2018. (Gonmei & Toteja, 2018) In the Republic of Kenya, about 22% of pre-school children were 

stated to be Iron deficient, 32% of pregnant women Folate deficient and 79% of school-age children Zinc 

deficient. Iodine and vitamin A deficiencies are also prevalent in Kenya among diverse age and gender 

groups. (Kenya Medical Research Institute , 2011) 

Vitamin and mineral content compared to RNI 

M. oleifera leaves are reported to be a valuable source of both Macro- and Micronutrients in numerous 

studies. As stated in chapter A.2, fresh/raw M. oleifera leaves do have an overall higher vitamin, mineral 

and protein content level compared to other DGLV widely consumed in Ghana, India, and Kenya. To see 

whether M. oleifera fresh/raw leaves correlate with the Recommended Nutrient Intake of vitamins and 

minerals for different age groups Table 17 has been compiled. A serving portion of raw leafy vegetables 

accounts for approximately 80 grams, according to WHO. (Agudo, 2005) Therefore, the nutritional 

values of 80 g of fresh/raw drumstick leaves are presented in Table 17. The nutritional properties of 

dried M. oleifera leave or M. oleifera leaf powder are highly variable. The trustworthy sources used in 

chapter A.2 such as the USDA National Nutrient Database, Nutritive Value of Indian Foods, and FAO 

West African Food Composition Table, do not include the nutritional description of drumstick leaf 

powder. Therefore, necessary data has been retrieved from credible researches. It is important to notice 

that the powder nutrient composition can greatly vary depending on the cultivation, processing and 

storage practices applied to M. oleifera leaves (see chapter B and C). Serving size of 5 grams of 

drumstick powder has been taken for practical purposes. (Witt, 2013) The nutritional content of 5 grams 

of M. oleifera powder has been compiled from two reliable research papers. (Teixeira & Carvalho, 2013) 

(Witt, 2013) 

The M. oleifera fresh/raw leaves and powder serving portion nutritional contents are compared to the 

Recommended Nutrient Intake (RNI) of vitamins and minerals that have been published by the World 

Health Organization (WHO) and Food and Agriculture Organization (FAO) of the United Nations in 2004. 

(WHO & FAO, 2004) In Table 17 diverse age and gender daily RNI of vitamins and minerals are depicted. 

“Recommended nutrient intake (RNI) is the daily intake, set at the Estimated average requirement (EAR) 

plus 2 standard deviations (SD), which meets the nutrient requirements of almost all apparently healthy 

individuals in an age- and sex-specific population group”. (WHO & FAO, 2004)  
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An individual is advised by the WHO to consume at least 400 grams of vegetables and fruit per day. This 

equals to 5 servings of 80 grams of fruits and vegetables. (FAO, 2003) An assumption that an individual 

fully meets the RDI of vitamins and minerals through the consumption of fruits and vegetables is made. 

The given nutritional content of a single portion (80g) of M. oleifera fresh/raw leaves, is compared to 

the RNI divided by 5 (number of servings). Fresh leaves contribute to the daily RNI based on Table 17: 

• Infants – satisfactory micro-nutrient intake and even exceeds the total daily recommendations 

of Mg, vitamin A, vitamin C, vitamin B2 and vitamin B6; 

• Children (1-9 years) – satisfactory intake, except for Se, Zn and vitamin B3; 

• Adolescents (10-18 years) – satisfactory, except for Ca, Se, vitamin E and vitamin B3; 

• Adults (aged 19-65) – satisfactory, except for Fe, Se, Zn and vitamin B1; 

• Elderly (aged 65+) – satisfactory, except for Ca, Se, Zn, vitamin E and B1; 

• Both pregnant and lactating women – meets the requirements, except for Se, Zn, vitamin B1, B3 

and B9. 

A conclusion can be drawn that the nutrient levels of a single portion of M. oleifera fresh/raw leaves 

meet the daily RNI of most Micro-nutrients. Even though it did not meet the RDI for all age and gender 

groups, most of the micro-nutrient contents had a significant contribution to the RNI and almost met 

the recommended levels for a serving. For example, Ca content of a serving portion recommended for 

elderly is 260 mg, whereas 80 grams of drumstick leaves contain about 249 mg of Ca. This is relevant to 

all Micro-nutrients listed in the table for the exception of Se and Zn. 

M. oleifera leaf powder consists of dehydrated drumstick tree leaves, therefore, the concentration of 

nutrients in the powder should be higher than in the same amount of fresh/raw leaves. This is because, 

M. oleifera fresh leaves consist of 77% out of water, whereas the recommended moisture content of the 

powder should be below 7%. Table 17 depicts the contribution of M. oleifera powder to the daily RNI. It 

can be concluded that 5 grams of drumstick leave powder are a considerable source of Fe, vitamin A, 

vitamin E, vitamin B1 and vitamin B6. Although the nutrient levels do not meet recommended levels 

perfectly, except for the RNI of vitamin E of infants, they do contribute to overall nutrient intake. For 

example, 1 tablespoon of the powder contains 5.16 mg of Fe, which closely reaches the daily Fe intake 

of 1-3-year-old children. It should be kept in mind by the reader that the nutrient content of M. oleifera 

powder in Table 17 is based on two trustworthy sources. (Teixeira & Carvalho, 2013) (Witt, 2013) The 

nutrient content of the powder can greatly vary depending on the environmental conditions, cultivation 

practices, and processing and storage conditions, as discussed throughout this report. Therefore, this 

table should be considered an example of the potential contribution the drumstick powder can have on 

the Recommended Nutrient Intake of vitamins and minerals for diverse age and gender group. 

Protein content compared to RNI 

The protein content of M. oleifera fresh/raw leaves is found to be 7.36 grams per 100 grams of produce 

(see chapter A.2.2), and 5.89 grams of protein per serving portion of 80 grams. The protein content of 

the drumstick powder is highly debated by many scientific and public sources. M. oleifera powder 

content ranges between 18.2 and 28.7 grams per 100 grams of powder. (Teixeira & Carvalho, 2013) 

(Witt, 2013) The average of that is  23.5 grams. In a tablespoon (5 grams) of powder, the amount of 

protein equals 1.2 grams.  

The dietary recommendations for protein intake range between 1.31 grams of protein per kilogram of 

body weight for infants and 0.80 grams per kilogram of body weight for adults. (European Commission , 

2020) An infant weighing 4 kg should consume 5.24 g of protein per day. A portion of M. oleifera fresh 

leaves meets the daily recommended protein intake of the infant (5.89g > 5.24g), while a spoon of 

powder protein can significantly contribute to the meeting of the infant’s protein intake requirements. 

The recommended protein intake for an adult weighing 80 kg equals 64 g. Fresh M. oleifera leaves cover 
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approximately 1/10 of the daily requirement of an adult, which is a high performance, considering that 

DGLVs are not seen as a rich source of protein. The consumption of a single serving (80 g) of spinach, for 

example, only covers 1/30 of the total daily protein intake (see subchapter A.2.2) for an adult. One 

tablespoon of M. oleifera powder (1.2 grams of protein) does not significantly contribute to meeting the 

64 grams of the recommended intake for adults. Overall, it can be concluded that M. oleifera leaves, 

especially when consumed fresh and raw, can have a positive impact on the protein intake levels of both 

infants and adults. The protein composition quality, digestibility and bioavailability for the human body 

will be touched upon in the following paragraphs. 

Bioavailability and digestibility of vitamins, minerals and proteins  

The bioavailability of vitamins and minerals “refers to the proportion of the quantity of nutrients 

ingested that undergo intestinal absorption and utilization by the body”. (Ball, 2006) The absorption of 

vitamins depends on the chemical form and physical state of the nutrient within the food consumed, 

which can be affected during processing. This is especially relevant for vitamin A, B3, B6 and B9. (Ball, 

2006) The composition of an individual’s diet can also retard or enhance the absorption rate of vitamins. 

(Ball, 2006) Diverse enhancers and inhibitors of vitamin utilization that are present in foods, as well as 

the physiological state of an individual, all have an impact on the bioavailability of vitamins. (Bates & 

Heseker, 1994) The understanding of the bioavailability of vitamins present in M. oleifera leaves and 

powder is crucial to determine the impact the product consumption has on an individual’s consumption. 

In a study published by M.D. Thurber and J.W. Fahey, it is stated β-carotene (vitamin A), vitamin B1, B2 

and B3 can be equated to being bioavailable; however, a strong recommendation of holding chemical 

blood tests is given, to identify the absorption rate. (Thurber & Fahey, 2009) 

Mineral bioavailability and utilization by the human body can be influences by the mineral’s chemical 

form, oxidation state, quantitative presence in the diet and by other nutrients or non-nutritive 

components. (Turnlund, 2009) The preparation method of food can also lead to changes in the 

bioavailability of minerals. There are several studies present on Fe (iron) content and its bioavailability in 

M. oleifera leaves and powder. In an in vitro Fe 

bioavailability (IB) study of traditional Senegalese meals 

fortified with M. oleifera powder, it has been found that, 

despite the high Fe content, the % of IB was low. (Ndong & 

Guiro, 2006) The same result has been confirmed in 

another randomized study on the efficacy of M. oleifera 

powder on Fe status and weight gain in women. (Idohou-

Dossou & Diouf, 2011) Another study states that boiling M. 

oleifera in water “enhances the in vitro IB of fresh leaves 

and dried powder by 3.5 and 3 times, respectively” (see 

Figure 11). (Yang, Chang, & Hsu, 2006) 

The preparation of drumstick leaves together with other 

foods, like mungbean, can potentially lead to a rise of total IB. (Yang, Chang, & Hsu, 2006) Also, as stated 

in recent studies, the consumption of M. oleifera leaves mixed with acidulated fruits can improve IB and 

the bioavailability of Zn (zinc). (Brilhante & Sales, 2017) 

Protein quality and digestibility of M. oleifera leaves and powder are highly debated on. Similarly to 

vitamins and minerals, the processing techniques applied to food can also highly affect the protein’s 

structure and characteristics, and, therefore, increase or decrease the digestibility of the protein. 

(Pathania & Parmar, 2019) Some sources state that M. oleifera raw leaves have a high digestibility. 

(Moyo & Masika, 2011)  In a study done by A. Melesse and H. Steingass, M. oleifera leaves were 

recognized to be a potential source of feed for household animals. (Melesse & Steingass, 2012) The in 

vitro protein digestibility of fresh drumstick leaves used as fodder observed to be 79%. (Teixeira & 

Figure 11: In vitro Fe bioavailability of M. oleifera leaves, 
raw and cooked. (Yang, Chang, & Hsu, 2006) 
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Carvalho, 2013) Other studies have stated a leaf protein digestibility ranging from 56% to 89% (yielded 

by using incubation with digestive enzymes). (Witt, 2013) One of the potential reasonings behind a low 

digestibility is the insolubility of the proteins, which causes low hydrolysis by enzymes from the digestive 

tract. This data has also been retrieved through in vitro protein digestibility test. (Teixeira & Carvalho, 

2013) 

Based on an in vitro studies, protein digestibility of the dried powder was found to be low 

(approximately 56%), despite a relatively high protein content. (Ndong & Guiro, 2006) The protein 

digestibility of M. oleifera powder can be increased by heat treatment. (Teixeira & Carvalho, 2013) In a 

study published by K. Mutiara and Harijono, a conclusion has been drawn that a blanching pre-

treatment (5 minutes long) applied prior to processing steps (drying, milling, etc.) increased the content 

of essential amino acids and their digestibility, except for Leucine and Lysine. (Mutiara & Harijono, 2013) 

The complexity of this topic is clear. Due to the differences in initial protein content levels in the leaves, 

applied processing methods and the methodology of the held laboratorian tests, many disagreeing 

statements are present in both scientific and public literature.  Even though M. oleifera leaves contain a 

sufficient total amount of protein amino acids, it is crucial to note the lack of in vivo studies that could 

potentially assess whether the drumstick tree’s leaves and powder are a valuable and digestible protein 

source for human nutrition. (Teixeira & Carvalho, 2013) (Witt, 2013) Further investigation around the 

anti-nutrients present in M. oleifera leaves such as tannins, phenols and other, and their effect on the 

protein digestion should also be completed. (Witt, 2013) 

Overall, the bioavailability and digestibility of vitamins, minerals, and proteins of M. oleifera fresh/raw 

leaves and powder should be more deeply investigated, due to the currently present debates in the 

scientific field. What can be concluded is that the consumption of M. oleifera can contribute to the 

nutritional state of an individual to a certain degree since it is overall a nutrient-dense food source when 

compared to other DGLV (see chapter A.3); however, the efficacy of the nutrients present in the 

drumstick leaves are not univocally agreed upon.  

Application of fortification and supplementation practices in Ghana, India, and Kenya  

In the Republic of Ghana, the awareness about the drumstick tree in the past 10 years has greatly risen, 
which has led to an overall increase in the consumption of M. oleifera leaves and powder. The increase 
in powder consumption can be mainly seen in urbanized areas, as in rural areas people consume fresh 
leaves from their gardens. There are several powder-based food products on the Ghanaian market, such 
as energy bars, drinks, porridges, and others. Large locally based companies produce tea and other 
added value drumstick powder products. The most commonly applied way of using M. oleifera to 
enhance nutritional security in Ghana is adding the powder to milk formulas for new-born consumption. 
Femke Akkermans, a local expert on M. oleifera production and consumption practices in Ghana, states 
that “there are still many underdeveloped and underexplored opportunities for M. oleifera powder and 
ingredients to help prevent and combat malnutrition among local population”. (Akkermans, 2020) In 
African countries, M. oleifera is increasingly being used for food fortification purposes. (Matic & Guidi, 
2018) 

In the Republic of India, M. oleifera leaves and powder are mainly promoted as a rich source of Ca, Fe, 

Mg, and protein. Drumstick powder is added to cow milk to increase Fe intake. Apart from that M. 

oleifera tea, which is believed to be health-promoting, is popular in India. Raw leaves are also added to 

foods that are distributed among school children, as intervention strategies against malnutrition. A good 

example is balls prepared from leaves mixed with pulses and seeds. Such intervention strategies are 

promoted by local drumstick tree growers and the government. (Vinayagam, 2020) M. oleifera leaf and 

powder consumption are also promoted among pregnant and lactating women to prevent Micro-

nutrient deficiencies. Ponnuswami Vinayagam, an international consultant in M. oleifera, states that 

capsuled M. oleifera powder is more appealing for consumers, as it emphasises its nutritional benefits. 
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Capsuled drumstick powder is used as supplements. It also creates an added value for the producer. 

(Vinayagam, 2020)  

In the Republic of Kenya, M. oleifera powder is promoted for its nutritional benefits. Many consumers, 

especially elderly people, see powder consumption as a medication practice. This stereotype is slowly 

shifted by growers and marketers, who want to increase the powder consumption rates among the 

broad consumer group. Drumstick powder is used as a nutrient supplement in Kenya. It is added to table 

salt in some households, to increase nutrient intake. Adding powder to table salt is a viable intervention 

method, as the powder will be added to the prepared meals (together with the salt) and will, therefore, 

not be heated up. As stated in subchapter C.2.10, heating M. oleifera powder can lead to nutrient 

denaturation, thus it should be avoided. Cooking the powder will result in a significant loss of micro-

nutrients, due to degradation and leaching. Mary Wanjera, the Kenyan expert, has shared that based on 

her experiences, many mothers acknowledge that their children are sick and need to attend doctors less 

often from the moment M. oleifera has been introduced to their diet. Lactating women recognize a 

correlation between drumstick consumption and the increase in milk production. (Wanjera, 2020) The 

application of M. oleifera in food fortification is increasingly within African countries. (Matic & Guidi, 

2018) “Moringa makes you internally healthy – and you can see it in your skin. Your face starts to glow.” 

(Wanjera, 2020)  

Inge D. Brouwer (Ph. D) an Associate Professor at the Division of Human Nutrition and Health at 

Wageningen University states that “we should be really careful in giving claims about M. oleifera”. 

(Brouwers, 2020) Although many mothers, that have been giving M. oleifera to their children, state that 

this has benefited their children’s health, their opinions can also be influenced by the pressure of social 

desirability. Therefore, feedback of mothers cannot be used as scientific evidence that can justify the 

claims about the drumstick leaves. (Brouwers, 2020) There are several research groups worldwide that 

are working on building up evidence about the nutritional benefits of M. oleifera leaves and powder. 

“Under and overnutrition is a complex issue that cannot be solved by the use of a single superfood.” 

(Brouwers, 2020) 

E.1.3 Economic opportunities 

The demand for M. oleifera products is increasingly growing worldwide. Therefore, cultivating the 

drumstick tree becomes more and more popular among farmers. (Wanjera, 2020)  Outgrowing practices 

of the leaves or seeds for large-scale processing companies can be seen as a good economic opportunity 

for small-scale farmers (when they are paid fairly), as the farmers can avoid investing in the acquisition 

of machinery, etc. There are several drawbacks related to outgrowing mentioned in chapter D.4. 

Creating additional value through processing M. oleifera powder into other products like tea, soap, etc., 

can benefit the producer, as well as local farmers. (Hoeksema, 2020) 

European and North American buyers are highly interested in Organic M. oleifera leaves and powder. 

The interest for Organic drumstick products is also rapidly rising locally, especially among Indian 

consumers. (Vinayagam, 2020) As mentioned in chapter D.5, by growing Organically the producer can 

increase the added value of the end product. This can potentially increase the revenues of the producer 

and, therefore, contribute to the growth of their economic opportunities. Nevertheless, it should be 

kept in mind that the introduction of Organic production methods can be costly, labour intensive and 

time consuming. 

One of the challenges that is limiting the economic growth of the producers, is the lack of knowledge 

about the trends related to the development of M. oleifera powder market both locally and 

internationally. (Vinayagam, 2020) Producers can have difficulties forecasting and acting in advance on 

the future market changes. The lack of quality of the produced goods required to access markets also 

significantly reduces the potential revenues of the producer. 
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E.1.4 Environmental benefits 

M. oleifera tree has several environmental beneficial characteristics. The roots of the tree can prevent 

soil erosion and can create sand stabilization, while contributing to the soil’s humidity and fertility. 

(Vélez-Gavilán, 2017) (Hoeksema, 2020) (Wanjera, 2020) The drumstick tree can serve as a shade 

provider, a windbreak or a fence, to protect other crops. (Vélez-Gavilán, 2017) Intercropping practices 

with M. oleifera tree are commonly applied as stated in chapter B.1.2. Other crop like cocoa benefit 

from this practice, as the drumstick tree provides shade. (Hoeksema, 2020) The tree can also be used to 

provide a base for growing vine crops. (Vélez-Gavilán, 2017) 

The drumstick tree, when not cultivated intensively, can serve as a habitat and food source for insects, 

wild birds, and smaller animals. The flowers of the tree attract bees and through what the tree 

contributes to the overall bee population growth. Nevertheless, in some countries M. oleifera is 

considered to be an invasive species, which might pose a threat to the indigenous ecosystem of the 

country. (Vélez-Gavilán, 2017)  

Overall, the tree carries out multiple environmental services and, therefore, positively contributes to the 

surrounding ecosystem. The local farmers and households can potentially benefit from all of the earlier 

mentioned services. Through the increased soil fertility, the growth of intercropped plants, flower 

pollination by bees, sun, and wind protection, and many more. 

E.2 In the international market 

E.2.1 Increasing demand for superfoods like M. oleifera 

The popularity of M. oleifera is globally rising. M. oleifera powder is seen and marketed as a “superfood” 

on the North American and European markets. (Akkermans, 2020) The powder is sold in a variety of 

products from pure powder to tee blends and soap bars. It belongs to the “food supplement” and 

cosmetics market segments. (WUR, 2015) The term “superfoods” is not legally defined and, therefore, 

can be applied to any food source, as well as to M. oleifera. The common and main characteristic of any 

“superfood” is the fact that the product is rich or unique in its nutritional and bioactive substances 

composition. (Voedingscentrum, 2020) Internationally, the drumstick powder is known for its nutritional 

content and high antioxidant levels and activity. (CBI, 2018) The rich protein composition of the powder 

gains interest among athletes, as it can be added to protein shakes to consume before and after 

training. (Akkermans, 2020) Overall, the added value of M. oleifera powder for international consumers 

can be assessed by the mean of its contribution to the daily Recommended Nutrient Intake, which has 

been described in chapter E.1.2. 

The market size of M. oleifera products is increasing due to a growing demand for health lifestyle and 

“superfoods”. Estimates are made that a yearly market size of M. oleifera can reach over US$4 billion. 

(WUR, 2015) Other sources expect the global drumstick products market to have an annual growth of 

10% during the period of 2018-2022. (CBI, 2018) The expected growth of the immune system food 

supplement market (by 7% annually 2017-2025, reaching US$ 25 billion in 2025) and the expected  

increase in the market for sports nutrition and high energy supplements (by 10% annually 2014-2020,  

reaching US$ 66 billion), show the potential in the development of the international M. oleifera market. 

(CBI, 2018) Although M. oleifera market is still young in Europe, there are opportunities for growth, as 

the European supplement market is estimated to increase by 7% by 2025. (CBI, 2018) CBI (the Centre for 

the Promotion of Imports from developing counties of the Netherlands) sees a higher potential for 

Organic of Fair-Trade certified M. oleifera products, due to the rise of awareness around sustainability 

among health conscious consumers. (CBI, 2018) New products developed from M. oleifera powder can 

add value to the powder and benefit its future sales. (CBI, 2018) With a rising demand for M. oleifera 

products more stakeholders, interlinked within the value chain, can potentially start benefitting. 
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4. Discussion 
In the previous chapter 3 called “Research findings”, all the questions presented in the “Introduction” 

chapter of this report have been answered and elaborated on. In the “Discussion” chapter, the reliability 

and limitations of the research findings will be covered. During the completion of this report, several 

changes have been made in the original project plan, which has affected the structure and content of 

the final research. This has been done to gain in-depth knowledge on relevant topics, which has 

benefited the process of elaborating the research questions. Several subchapters have been added such 

as subchapter A.3 (M. oleifera leaves nutritional composition compared to DGLV) and C.1 (M. oleifera 

nutrient stability).  

Chapter A provides the reader with a short general introduction to M. oleifera tree, as well as with a 

detailed description and analysis of M. oleifera fresh/raw leaves nutritional properties, presented in 

Table 1, 2 and 3. The results are compiled from data retrieved from reliable sources like USDA, FAO and 

other databases. It is important to note that the averages that are presented in the tables should not be 

considered as an average for all existing drumstick leaves. This means, that the values of random 

samples of M. oleifera leaves can have a significantly lower or higher nutritional content levels. Chapter 

A.3 presents a comparison between the nutritional composition of drumstick tree leaves with other 

DGLVs. The decided upon DGLVs used for the comparison per country have been chosen fully based on 

the opinions of the interviewed country experts – Femke Akkermans, Ponnuswami Vinayagam and Mary 

Wanjera; which might be a limitation to consider. This action has been taken due to the lack of present 

research on DGLVs consumption in these countries. Identically as for M. oleifera, other DGLVs 

nutritional values have been retrieved through the same reliable sources, to minimize the data variation 

risk. 

Chapter B covers the complex topic of finding the best M. oleifera cultivation system for the most 

optimal nutrient uptake by the plant. An interview with dr.ir. Tjeerd-Jan Stomph of Wageningen 

University & Research, which is an expert in crop production, tropical crops and the soil-plant 

relationship has been conducted, to gain an insight on the topics that must be covered when discussing 

plant nutrient uptake. Various scientific papers, biology books, cultivation manuals and first-hand 

advised of interviewed experts and growers have been used to create the advice presented in Table 10. 

This advice is referred to throughout the analysis of all cultivation practices in chapter B.1.2, based on 

which potential risks and consequences of poor cultivation practices that should be avoided by the 

growers have been summarized in Table 12. The cultivation costs and revenues (chapter B.2) have not 

been elaborated on deeply, as planned originally, due to resource and time limitations. Instead, several 

factors that can potentially influence M. oleifera cultivation costs and revenue have been touched upon, 

based on previously gained knowledge by the researcher and made assumptions. This does not exclude 

other potential risks that can be identified by experts in the future.  

Chapter C discusses the processing methods of M. oleifera leaves into powder and how it affects the 

nutrient stability of the product. Nutrient stability of M. oleifera leaves has been identified through the 

application of gathered knowledge from various reliable sources. Received advice from dr.ir. Inge 

Brouwer and dr.ir. Anita Linnemann of Wageningen University & Research, scientific literature and 

relevant studies have been used during the completion of Table 14, which provides the reader with an 

overview of measures that can help reduce nutrient (vitamin, mineral and protein) losses during and 

after processing of M. oleifera leaves. A potential limitation of subchapter C.1 can be seen in the fact 

that not all possible influencing factors such as pH, catalyst/inhibitor, etc. have been touched upon. The 

reason for this is because this topic has been found less relevant to the production of M. oleifera 

powder, as no additives are added to the powder. In subchapter C.2, the processing steps that most 

frequently came across in processing manuals and interviews conducted with M. oleifera powder 

production experts, have been elaborated on. It should be noted that the covered processing steps can 
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be executed by the processors slightly different to what has been described in this chapter, and, 

therefore, the effect on the nutrient stability and overall quality can vary. There is a great variety of 

factors that can influence nutrient stability in a product such as M. oleifera leaf powder. Therefore, 

Table 15 and 16 should be recognized as an overview of some of the potential effects that are most 

frequently discussed by experts. The cost-effectiveness of various processing techniques is touched 

upon in chapter C.3; however, no single solution could have been provided, due to the lack of 

information. A generic conclusion has been provided based on comparison and estimations. 

Chapter D has been added to the report due to the importance of the organization of local M. oleifera 

growers and processors for the potential future development of drumstick leaves value chains in Ghana, 

India, and Kenya. The chapter together with Figures 7, 8 and 9 are based on data collected from 

interviews held with country experts. However, as only one expert per country has been interviewed, it 

should be kept in mind that the description of the organizations is approximate and might differ from 

the reality. The importance and difficulties of Organic certification are mentioned in subchapter D.5; 

however, it has not been deeply elaborated on, since the focus of the research was set on the 

nutritional properties of M. oleifera leaves. 

Chapter E describes the diverse ways of how M. oleifera can add value to the livelihoods of people from 

the country of origin and internationally. In subchapter E.1.1 examples of drumstick leaf dishes that are 

present in the cuisine of Ghana, India, and Kenya are given, to showcase the presence of M. oleifera 

leaves in the local diets. These given examples do not represent the most consumed dishes but serve a 

representation of how M. oleifera leaves are cooked and consumed. Subchapter E.1.2 discusses the 

complex matter of nutritional security and the contribution of M. oleifera fresh/raw leaves and dried 

powder. The data presented in Table 17 is based on reliable sources such as WHO, FAO and other 

relevant studies. A limitation can be seen in the assumption that has been made to optimize the 

comparison, that an individual fully meets the RDI of vitamins and minerals through the consumption of 

fruits and vegetables. Fruits and vegetables contribute to a significant share of an individual’s nutrient 

intake but do not cover everything. However, this does not diminish the contribution of M. oleifera to an 

individual’s diet. No univocal conclusions could have been made on the bioavailability, digestibility and 

quality of vitamins, minerals, and proteins, due to the lack of in vivo studies that could assess the 

efficacy of the leaf and powder nutrient content. The topics touched upon in subchapters E.1.3, E.1.4 

and E.2.1 were not requested by the company. They have been added to the report, as these topics can 

be of potential relevance for the future development of export-oriented M. oleifera value chains in 

Ghana, Indian, and Kenya. 

Results can be stated to be valid as reliable sources and interviews with specialists have been used. One 

of the future improvements that should be considered in the potential continuation of the research is 

increasing the number of interviews with country experts to rise the accuracy rate of the retrieve data 

by gaining diverse perspectives. Another suggestion is to dedicate additional research attention to the 

cost and revenue parts of cultivation and processing chapters (subchapter B.2 and C.3). 
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5. Conclusions and Recommendations 
The focus of this report was the following question: What are the nutritional benefits of Moringa 

oleifera leaves and what are the best production and processing methods to maintain the nutritional 

composition? Through finding answers to this question, a more in-depth understanding of M. oleifera 

nutritional value and characteristics has been obtained. Together with a clearer overview of all steps 

involved in M. oleifera powder production and their potential effect on the nutritional value of M. 

oleifera leaves will be presented.  

It can be concluded that the nutritional benefit of M. oleifera leaves and powder lays in the product’s 
contribution to the vitamin, mineral, and protein daily Recommended Nutrient Intake of an individual, 
as well as in the fact that fresh/raw drumstick leaves have overall higher vitamin, mineral, and protein 
content than other common in Ghana, India, Kenya, and internationally DGLVs. Best production and 
processing methods to maintain the nutritional composition of M. oleifera leaves (described in chapter B 
and C) include practices that do not exceed the boundaries of nutrient absorption and retention by the 
plant. To achieve an overall constant nutrient content strict conditions that are favourable for nutrient 
uptake and stability within the tissues of the plant should always be maintained. The recommended 
conditions and potential risks that can affect nutrient stability and are associated with the production 
and processing method of the leaves are described in Table 10, 12, 14, 15 and 16. The detailed 
explanation of the provided research findings can be found in chapter 3.  

Throughout this research, multiple risks that can have a potentially negative effect on the nutrient 
composition of M. oleifera have been identified. The following recommendations on the maintenance of 
nutritional composition in M. oleifera leaves throughout production and processing into powder can be 
given: 

• M. oleifera tree should be grown under environmental conditions that meet the stated in Table 
10 requirement, to achieve optimal nutrient uptake and retention by the plant; 

• The cultivation practices applied to M. oleifera tree should meet the requirements described in 
Table 10 and risks described in Table 12 should be considered and mitigated during the 
application of various practices; 

• Processing practices involved in M. oleifera powder production should follow the advised 
measure given in Table 14 that can help reduce nutrient losses. Prevention methods of potential 
risk factors that can negatively influence nutrient stability (described in Table 16) should be 
considered by a processor to minimize nutrient losses. 

These research findings are relevant for future value chain development in the Republic of Ghana, the 

Republic of India, and the Republic of Kenya, as they provide advice on the strategies that can be applied 

to achieve optimal retention of the nutritional properties and overall quality of the end product. By 

upscaling production of high-quality M. oleifera powder in earlier mentioned countries, and by 

distributing it to high-end consumers in developed countries, value can be created for primary 

stakeholders. This could lead to an increase in the financial status of farmers, processors and other 

actors located in developing countries. The advice that can be directed to Fair and Sustainable 

Consulting regarding the further investigation in the development of M. oleifera powder value chain is 

to consider conducting complementary research focused on the creation of viable business cases, to 

prove the financial feasibility of large-scale production and export of M. oleifera powder in the context 

of selected countries. Business development influencing factors and constraints have been briefly 

touched upon in this research in subchapters B.2 and C.3.  

While the development of M. oleifera value chain can have a potential benefit on the financial 
conditions of local producers it can also potentially benefit the enhancement of nutritional security in 
the country of origin. In chapter E.1.2 the possibilities of the contribution of M. oleifera fresh/raw and 
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powder are described. Regardless to the fact that M. oleifera could have a positive contribution to an 
individual’s diet, based on the nutritional content comparison to official dietary recommendations, the 
bioavailability and digestibility of Micro- and Macro-nutrients such as vitamins, minerals, and proteins 
are strongly debated on in both scientific and public literature. Therefore, further research in a form of 
in vivo clinical trials need to be implemented to provide scientific evidence that could confirm or 
disproof the contribution of M. oleifera an individual’s nutritional status.  

M. oleifera also called as “the Miracle Tree”, has drawn a lot of attention to itself due to its unique 
nutritional composition of the leaves. Although this research has collected, analysed, and answered a 
fair share of the complex topics of nutrient composition, retention, contribution, and bioavailability of 
the drumstick tree leaves, there are still several debated-on questions, which should be answered by 
professionals. Hopefully, M. oleifera can truly benefit the nutritional status of people around the world; 
however, it should be kept in mind that the complex issues of under and overnutrition cannot be solved 
by using a single superfood. (Brouwers, 2020) 
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Appendices  

Appendix 1. Nutritional composition of commonly consumed DGLVs in Ghana, India, 

Kenya and internationally  
 

  

 

 

 

 

 

 

 

 

 

 

Average 

USDA National 

Nutrient 

Database

Nutritive 

Value of 

Indian Foods

FAO West African 

Food Composition 

Table 

FAO Kenya           

Food Composition 

Table

Ca (mg) 111.32 99.00 82.29 133.00 131.00

Cu (mg) 0.13 0.13 0.17 0.08 na

Fe (mg) 2.62 2.71 2.95 3.10 1.70

Mg (mg) 72.74 79.00 86.97 53.00 72.00

Mn (mg) 1.01 0.90 1.12 na na

P (mg) 38.65 49.00 32.59 45.00 28.00

K (mg) 563.75 558.00 625.00 502.00 570.00

Se (µg) 1.36 1.00 2.09 na 1.00

Na (mg) 66.89 79.00 42.55 87.00 59.00

Zn (mg) 0.70 0.53 0.46 0.80 1.00

Vitamin A (µg RAE) 325.33 378.00 na 409.00 189.00

β-Carotene (µg) 4132.75 5626.00 2605.00 6040.00 2260.00

Vitamin C (mg) 32.85 28.10 30.28 36.00 37.00

Vitamin E (mg) 1.80 na 1.29 2.31 na

Vitamin B1 - Thiamin (mg) 0.09 0.08 0.16 0.08 0.03

Vitamin B2 - Riboflavin (mg) 0.16 0.19 0.10 0.17 0.18

Vitamin B3 - Niacin (mg) 0.59 0.72 0.33 0.90 0.40

Vitamin B6 (mg) 0.18 0.20 0.15 0.19 na

Vitamin B9 - Folate (µg) 155.50 194.00 142.00 176.00 110.00

Average 

USDA National 

Nutrient 

Database

Nutritive 

Value of 

Indian Foods

FAO West African 

Food Composition 

Table 

FAO Kenya           

Food Composition 

Table

Protein (g) 2.65 2.86 2.14 2.80 2.80

Amount in 100 grams

Micro-Nutrient 

Amount in 100 grams

Macro-Nutrient 

Sources: (USDA, 2019), (National Institute of Nutrition, 2017), (FAO, 2012) and (FAO, 2018) 

Table 18: Micro-Nutrient content per 100 grams of fresh/raw Spinach (Spinacia oleracea) leaves 
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Average 

USDA National 

Nutrient 

Database

Nutritive 

Value of 

Indian Foods

FAO West African 

Food Composition 

Table 

FAO Kenya           

Food Composition 

Table

Ca (mg) 44.94 40.00 51.76 41.00 47.00

Cu (mg) 0.02 0.02 0.03 0.02 na

Fe (mg) 0.48 0.47 0.35 0.60 0.50

Mg (mg) 12.75 12.00 17.99 12.00 9.00

Mn (mg) 0.18 0.16 0.20 na na

P (mg) 33.29 26.00 30.15 37.00 40.00

K (mg) 258.25 170.00 233.00 317.00 313.00

Se (µg) 0.79 0.30 1.08 na 1.00

Na (mg) 20.50 18.00 14.98 12.00 37.00

Zn (mg) 0.19 0.18 0.16 0.20 0.20

Vitamin A (µg RAE) 6.50 5.00 na 8.00 na

β-Carotene (µg) 54.16 42.00 20.48 100.00 na

Vitamin C (mg) 43.46 36.60 33.25 54.00 50.00

Vitamin E (mg) 0.12 0.15 0.05 0.15 na

Vitamin B1 - Thiamin (mg) 0.05 0.06 0.03 0.05 0.04

Vitamin B2 - Riboflavin (mg) 0.04 0.04 0.05 0.04 0.04

Vitamin B3 - Niacin (mg) 0.29 0.23 0.24 0.30 0.40

Vitamin B6 (mg) 0.12 0.12 0.13 0.10 na

Vitamin B9 - Folate (µg) 38.09 43.00 46.36 48.00 15.00

Average 

USDA National 

Nutrient 

Database

Nutritive 

Value of 

Indian Foods

FAO West African 

Food Composition 

Table 

FAO Kenya           

Food Composition 

Table

Protein (g) 1.34 1.28 1.36 1.60 1.10

Amount in 100 grams

Amount in 100 grams

Macro-Nutrient 

Micro-Nutrient 

Table 19: Micro-Nutrient content per 100 grams of fresh/raw Cabbage, leaves, green (Brassica oleracea var. capitata) 

Sources: (USDA, 2019), (National Institute of Nutrition, 2017), (FAO, 2012) and (FAO, 2018) 
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Average 
USDA National 

Nutrient Database

Nutritive Value 

of Indian 

Foods

FAO West African 

Food Composition 

Table 

FAO Kenya           

Food Composition 

Table

Ca (mg) 308.50 215.00 359.00 380.00 280.00

Cu (mg) 0.18 0.16 0.23 0.15 na

Fe (mg) 5.42 2.32 6.37 6.20 6.80

Mg (mg) 118.00 55.00 202.00 93.00 122.00

Mn (mg) 0.98 0.89 1.07 na na

P (mg) 67.37 50.00 72.46 58.00 89.00

K (mg) 594.75 611.00 569.00 602.00 597.00

Se (µg) 17.29 0.90 28.97 na 22.00

Na (mg) 16.67 20.00 15.66 13.00 18.00

Zn (mg) 1.03 0.90 1.57 0.72 0.92

Vitamin A (µg RAE) 237.67 146.00 na 241.00 326.00

β-Carotene (µg) 2817.50 2873.00 1594.00 2890.00 3913.00

Vitamin C (mg) 61.97 43.30 82.56 45.00 77.00

Vitamin E (mg) 0.26 na 0.28 0.24 na

Vitamin B1 - Thiamin (mg) 0.03 0.03 0.01 0.04 0.03

Vitamin B2 - Riboflavin (mg) 0.21 0.16 0.13 0.33 0.22

Vitamin B3 - Niacin (mg) 0.72 0.66 0.63 0.90 0.69

Vitamin B6 (mg) 0.20 0.19 0.22 0.19 na

Vitamin B9 - Folate (µg) 67.36 85.00 41.44 79.00 64.00

Average 
USDA National 

Nutrient Database

Nutritive Value 

of Indian 

Foods

FAO West African 

Food Composition 

Table 

FAO Kenya           

Food Composition 

Table

Protein (g) 3.38 2.46 3.54 3.80 3.7

Amount in 100 grams

Amount in 100 grams

Macro-Nutrient 

Micro-Nutrient 

Sources: (USDA, 2019), (National Institute of Nutrition, 2017), (FAO, 2012) and (FAO, 2018) 

Table 20: Micro-Nutrient content per 100 grams of fresh/raw Amaranth spinosus, leaves, green (Amaranthus spinosus) 
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Average 
USDA National 

Nutrient Database

Nutritive Value 

of Indian 

Foods

FAO West African 

Food Composition 

Table 

Ca (mg) 128.67 107.00 216.00 63.00

Cu (mg) 0.28 0.27 0.29 0.27

Fe (mg) 2.69 2.25 3.41 2.40

Mg (mg) 56.15 45.00 59.44 64.00

Mn (mg) 1.01 0.71 1.30 na

P (mg) 59.29 60.00 57.88 60.00

K (mg) 490.00 648.00 404.00 418.00

Se (µg) 2.60 0.90 4.30 na

Na (mg) 6.03 3.00 12.08 3.00

Zn (mg) 0.55 0.41 0.82 0.41

Vitamin A (µg RAE) 308.50 241.00 na 376.00

β-Carotene (µg) 4387.67 2895.00 5758.00 4510.00

Vitamin C (mg) 43.24 52.00 40.71 37.00

Vitamin E (mg) 1.37 2.02 0.07 2.02

Vitamin B1 - Thiamin (mg) 0.17 0.21 0.08 0.21

Vitamin B2 - Riboflavin (mg) 0.32 0.46 0.07 0.42

Vitamin B3 - Niacin (mg) 1.17 1.51 0.80 1.20

Vitamin B6 (mg) 0.20 0.15 0.29 0.15

Vitamin B9 - Folate (µg) 137.00 126.00 159.00 126.00

Average 
USDA National 

Nutrient Database

Nutritive Value 

of Indian 

Foods

FAO West African 

Food Composition 

Table 

Protein (g) 3.87 4.98 3.42 3.20

Amount in 100 grams

Micro-Nutrient 

Amount in 100 grams

Macro-Nutrient 

Sources: (USDA, 2019), (National Institute of Nutrition, 2017) and  (FAO, 2012)  

Table 21: Micro-Nutrient content per 100 grams of fresh/raw Colocasia leaves, green (Colocasia antiquorum) 
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Average 
USDA National 

Nutrient Database

Nutritive Value 

of Indian 

Foods

FAO Kenya           

Food Composition 

Table

Ca (mg) 109.33 67.00 146.00 115.00

Cu (mg) 0.23 0.23 0.24 na

Fe (mg) 4.56 1.77 5.30 6.60

Mg (mg) 47.89 26.00 72.68 45.00

Mn (mg) 0.69 0.43 0.96 na

P (mg) 52.23 48.00 64.69 44.00

K (mg) 548.33 521.00 546.00 578.00

Se (µg) 0.78 0.90 0.45 1.00

Na (mg) 41.00 46.00 37.00 40.00

Zn (mg) 0.57 0.50 0.68 0.54

Vitamin A (µg RAE) 327.00 337.00 na 317.00

β-Carotene (µg) 3849.33 3930.00 3808.00 3810.00

Vitamin C (mg) 28.92 27.00 23.87 35.90

Vitamin E (mg) 1.48 2.50 0.46 na

Vitamin B1 - Thiamin (mg) 0.15 0.07 0.09 0.30

Vitamin B2 - Riboflavin (mg) 0.10 0.16 0.05 0.10

Vitamin B3 - Niacin (mg) 0.91 1.11 0.73 0.90

Vitamin B6 (mg) 0.17 0.15 0.19 na

Vitamin B9 - Folate (µg) 58.34 62.00 51.01 62.00

Average 
USDA National 

Nutrient Database

Nutritive Value 

of Indian 

Foods

FAO Kenya           

Food Composition 

Table

Protein (g) 2.98 2.13 3.52 3.30

Amount in 100 grams

Micro-Nutrient 

Amount in 100 grams

Macro-Nutrient 

Table 22: Micro-Nutrient content per 100 grams of fresh/raw Coriander leaves (Coriandrum sativum) 

Sources: (USDA, 2019), (National Institute of Nutrition, 2017) and  (FAO, 2018) 
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Appendix 2. Protein content comparison of commonly consumed DGLVs in Ghana, India, 

Kenya and internationally 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sources: (USDA, 2019), (National Institute of Nutrition, 2017), (FAO, 2012) and (FAO, 2018) 

Macro-Nutrient 

Moringa 

oleifera  

Cabbage

(Brassica oleracea var. 

capitata)

Spinach (Spinacia 

oleracea)

Amaranthus 

spinosus

Coriander 

(Coriandrum 

sativum)

Colocasia 

(Colocasia 

antiquorum)

Protein (g) 7.36 1.34 2.65 3.38 2.98 3.87

Table 23: Protein content per 100 grams of DGLVs 


