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Moringa oleifera (moringa)

Order: Brassicales 

Family: Moringaceae 

Common names: Drumstick tree, 
Horseradish tree

Grows in  semiarid, tropical, and subtropical 
areas

Thrives in poor sandy soils, is drought 
tolerant & fast growing
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Moringa oleifera (moringa)

Temp 25-30°C ideal for leaf production

Altitude 0 – 2000 m; <600 ideal

Rainfall
250 – 3000 mm                                         
*Irrigation needed for leaf production 
if rainfall < 800 mm

Soil Type Loamy, sandy, or sandy-loam

Soil pH ~7 but can endure pH 5 – 9

US Zone 9-11

http://cagardenweb.ucanr.edu/Your_Climate_Zone/
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Nutrition

• ~27% protein by dry weight
• All essential amino acids –including high 

levels of lysine and methionine
• Recommended 1 tablespoon per day
• A 10 g serving provide approximately 3 g of 

protein, or ~4.3% of the daily requirement 
for protein for a 70 kg person.

• Severely malnourished children (aged 6 
months–5 years) given 10g daily, in addition 
to the regular nutrition intervention, gained 
more weight and recovered faster 
compared to the control group.* 

*Zongo U, et al. Nutritional and clinical rehabilitation of severely malnourished children with Moringa oleifera Lam. leaf powder in 
Ouagadougou (Burkina Faso). Food and Nutrition Sciences. 2013 Aug 19;4(09):991. 



• School children consuming moringa-fortified snack foods with 3g of 
moringa exhibited increased hemoglobin (an indicator for anemia), 
Vitamin A, and folic acid levels.**
• Analysis of 6 randomized controlled studies concluded moringa 
consumption increased breast milk supply in nursing mothers by day 7 
and increased weight gain of moringa-breastfeed infants compared to 
controls.***
• All consulted studies found moringa to be safe and acceptable for 
consumption at dosages delivered. 

Nutrition

**Serafico ME, et al. Efficacy of Malunggay (Moringa oleifera) leaves in improving the iron and vitamins A and 
B status of Filipino schoolchildren. International Symposium on Moringa 1158 2015 Nov 15 (pp. 293-302). 
***Raguindin PF, et al. Moringa oleifera as a Galactagogue. Breastfeeding Medicine. 2014 Jul 1;9(6):323.



Nutrient (per 100 g) Fresh Leaves Dried Leaf 
Powder 

Water (g) 78.7 7.4

Energy (kcal) 64 304

Protein (g) 9.4 29.1

Fat (g) 1.4 6

Carbohydrate (g) 8.3 38.2

Fiber (g) 2 19.2

Calcium, Ca (mg) 185 2003

Magnesium, Mg (mg) 42 368

Phosphorus, P (mg) 112 204

Potassium, K (mg) 337 1324

Copper, Cu mg) 0.11 0.57

Iron, Fe (mg) 4 28.2

Zinc, Zn (mg) 0.6 2.4

Sodium, Na (mg) 9 220

Vitamin C (mg) 51.7 172

Thiamin (mg) 0.26 2.6

Niacin (mg) 2.22 8.2

Vitamin B-6 (mg) 1.2 2.4

Folate (µg) 40 540

Vitamin A, RAE (µg) 378 3639



Nutrient Amount in 10 g 
dried moringa 

powder

% of daily 
recommended value 
provided by 10 g of 

moringa

19-30 yr 
old 
women

1-3 yr old 
children

Protein (g) 2.91 6% 22%

Fiber (g) 4 16% 21%
Calcium, Ca (mg) 160.47 20% 32%

Magnesium, Mg (mg) 28.34 11% 44%

Potassium, K (mg) 174.5 4% 6%

Iron, Fe (mg) 2.82 35% 94%

Zinc, Zn (mg) 0.29 4% 12%

Vitamin C (mg) 17.2 29% 132%

Thiamin (mg) 0.26 29% 65%

Niacin (mg) 0.82 7% 16%

Vitamin B-6 0.24 22% 60%

Folate (µg) 54 17% 45%

Vitamin A, RAE (µg) 363.9 73% 173%

Riboflavin (mg) 0.53 35% 84%

Thus, this  table shows the 
estimated and averaged 

nutritional content in a 10 g 
serving of dried moringa 

powder and % or daily 
recommended value for women 
and young children. (Witt, 2014; 

Food and Nutrition Board; 
Institute of Medicine; National 

Academies, 2011)



Moringa Spinach 

Vitamin B-6 mg 1.2 0.195

Moringa Spinach Folate, total µg 40 194
Nutrient Unit per 100 g per 100 g Vitamin B-12 µg 0 0
Proximates Vitamin A, RAE µg 378 469
Water g 78.66 91.4 Vitamin A, IU IU 7564 9377
Energy kcal 64 23 Amino Acids
Energy kJ 268 97 Tryptophan g 0.144 0.039
Protein g 9.4 2.86 Threonine g 0.411 0.122
Total lipid (fat) g 1.4 0.39 Isoleucine g 0.451 0.147
Ash g 2.26 1.72 Leucine g 0.791 0.223
Carbohydrate, by difference g 8.28 3.63 Lysine g 0.537 0.174
Fiber, total dietary g 2 2.2 Methionine g 0.123 0.053
Minerals Cystine g 0.14 0.035
Calcium, Ca mg 185 99 Phenylalanine g 0.487 0.129
Iron, Fe mg 4 2.71 Tyrosine g 0.347 0.108
Magnesium, Mg mg 147 79 Valine g 0.611 0.161
Phosphorus, P mg 112 49 Arginine g 0.532 0.162
Potassium, K mg 337 558 Histidine g 0.196 0.064
Sodium, Na mg 9 79 Alanine g 0.705 0.142
Zinc, Zn mg 0.6 0.53 Aspartic acid g 0.92 0.24
Copper, Cu mg 0.105 0.13 Glutamic acid g 1.035 0.343
Manganese, Mn mg 1.063 0.897 Glycine g 0.517 0.134
Selenium, Se µg 0.9 1 Proline g 0.451 0.112
Vitamins Serine g 0.414 0.104
Vitamin C, total ascorbic acid mg 51.7 28.1 Flavonoids
Thiamin mg 0.257 0.078 Kaempferol mg 6 6.4
Niacin mg 2.22 0.724 Myricetin mg 0 0.4
Pantothenic acid mg 0.125 0.065 Quercetin mg 16.6 4

Nutrition Comparison 
to Spinach

http://ndb.nal.usda.gov/ndb/foods/show/3009?fgcd=&manu=&lfacet=&format=&count=&max=35&offset
=&sort=&qlookup=moringa
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Slide 10:	Nutritional analysis has shown that Moringa leaves are extremely nutritious. In fact, they contain larger amounts of several important nutrients than the common foods often associated with these nutrients. These include vitamin C, which fights a host of illnesses including colds and flu; vitamin A, which acts as a shield against eye disease, skin disease, heart ailments, diarrhea, and many other diseases; Calcium, which builds strong bones and teeth and helps prevent osteoporosis; Potassium, which is essential for the functioning of the brain and nerves, and Proteins, the basic building blocks of all our body cells.



Traditional & Modern Uses

•Inflammation
•Diabetes & 

cardiovascular diseases
•Gastrointestinal & 

hepatorenal disorders
•General well being

amanduhinafrica.wordpress.com





Moringa for Hyperglycemia

Moringa for Hyperlipidemia

Mbikay, Majambu. "Therapeutic potential of Moringa oleifera leaves in chronic hyperglycemia and dyslipidemia: a review." Frontiers in 
pharmacology 3 (2012): 24.



Study design MO Treatment Outcomes Reference
Postmenopausal women (Randomized 
controlled trial); 
30 females; age range 45–55 years

Leaf powder 7 g daily for 3 
months

Significant increase in hemoglobin and 
circulating antioxidant agents.

Kushwaha, 
2014

Type 2 DM (Prospective randomized 
placebo-controlled study)
9 females, 7 males; 
age range 20–70 years 

Leaf powder capsules
4 g daily before breakfast and 
dinner for 1 month.

Insulin not measured. No significant difference 
in HbA1C. No changes in BUN, creatinine, ALT 
or AST.

Taweerutchana, 
2017. 

DM (Prospective quasi experimental 
study)
48 females, 12 males; 
age range 19–65 years 

Leaf powder capsules
500 mg capsule (3 times/day) 
for 12 weeks

Significant reduction in HbA1c in MO-treated 
patients. Insulin not measured. Significant 
reduction in high specificity C-Reactive Protein, 
in MO-treated patients.

Mozo, 2015

Type 2 DM and healthy subjects 
(Randomized controlled trial)
17 DM (9 females, 8 males); 
10 healthy (6 females, 4 males)

Leaf powder 20 g once Significant reduction in glycaemia up to 150 
min after intake of 20 g of moringa leaf 
powder (268±18 mg/dL) compared with Con 
(296±17 mg/dL, p < 0.001).

Leone, 2018

Type 2 DM controlled trial 
(36 men and 19 women); 
age range 30-60 years

Leaf powder 8g daily for 40 
days

Significant reduction in fasting blood glucose 
and post prandial blood glucose levels, total 
cholesterol and low-density lipoprotein (LDL) 
compared to control group. 

Kumari, 2010

Patients with serum total cholesterol > 
180 mg/dl and/ or serum triglycerides 
> 140 mg/dl (27 men and 9 women); 
age range 41-60

Leaf powder 4.6 gr daily for 50 
days 

Significant decrease in total cholesterol and 
increase in high density lipoprotein. (HDL). 

Nambiar, 2010

Systematic analysis of 6 randomized 
controlled studies concluded moringa 
consumption and breastmilk supply; 
pooled 73 patients from all studies 

Increased breast milk supply in nursing 
mothers by day 7 and increased weight gain of 
moringa-breastfeed infants compared to 
controls.

Raguindin, 2014

Summary of clinical studies and outcomes using moringa leaf powder
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• Improves glucose 
metabolism and 
liver function • Potent antioxidant

• Reduces lipid 
formation 

• Hypotensive 

• Antioxidant
• Antimicobial
• Anti-hypertensive

Moringa Phytochemistry: Polyphenols
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Moringa Phytochemistry: 
Isothiocyanates (MICs)

Compounds R1 R2 R3

MGL-1 & MIC-1 H H H

MGL-2 & MIC-2 Ac H H

MGL-3 & MIC-3 H Ac H

MGL-4 & MIC-4 H H Ac

Myrosinase



MICs are unique motifs of common isothiocyanates



MICs are chemically stable

Sulforaphane (SF)

MIC-4

SF*

*Reported stability of sulforaphane (SF) 

Waterman, C., Cheng, D.M., Rojas-Silva, P., Poulev, A., Dreifus, J., Lila, M.A., Raskin, I. 2014. Stable, water extractable isothiocyanates 
from Moringa oleifera leaves mediate inflammation in vitro. Phytochemistry. http://dx.doi.org/10.1016/j.phytochem.2014.03.28



Activity Description Reference
Anti-inflammatory Reduced expression of inflammatory cytokines 

IL-1β, iNOS, TNFα and COX-2 and nitric oxide 
(NO) production

Waterman, 2014; Jaj-Chimedza, 
2017; Graft, 2017; Park, 2011; 
Giacoppo, 2017

Blood sugar regulation Reduced production of glucose and GP6 
expression in liver cells. Delay in onset of T2DM 
in rat model

Waterman, 2015; Waterman 2020

Indirect antioxidant Stimulate the Nrf-2 Keap pathway involved in 
detoxification and cellular protection

Tumer, 2015

Anti-cancer Reduced NF-κB expression and myeloma 
growth in mice. Induction of apoptosis and 
Inhibition of prostate cell (PC-3) growth

Brunelli, 2010; Jaafaru, 2018

Cognitive health Reduced motor deficits in mice with subacute 
Parkinson’s disease

Giacoppo, 2017

Digestive health Alleviated ulcerative colitis symptoms and 
inflammation in mice

Kim, 2017

Neurological and immune 
health 

Reduced inflammatory and biomarkers of 
multiple sclerosis, amyotrophic lateral sclerosis 
(ALS), and decreased secondary damage in a 
model of spinal cord injury

Galuppo, 2014; Galuppo, 2015; 
Giacoppo, 2015

Cellular and animal studies on activity of MICs



Commercial Moringa Production – Dry and Crush



Concentrating MICs  – Crush THEN Dry
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Biological activity of Moringa and MICs



Moringa Concentrate (MC) & MICs reduced inflammatory markers in vitro

Waterman, C., Cheng, D.M., Rojas-Silva, 
P., Poulev, A., Dreifus, J., Lila, M.A., 
Raskin, I. 2014. Stable, water extractable 
isothiocyanates from Moringa oleifera 
leaves mediate inflammation in vitro. 
Phytochemistry. In Press. 
http://dx.doi.org/10.1016/j.phytochem.2
014.03.28

RAW macrophages induced with LPS

http://dx.doi.org/10.1016/j.phytochem.2014.03.28


MICs and MC inhibited gluconeogenesis and expression of 
G6P and PEPCK in H4IIE liver cells

Waterman C, Rojas-Silva P, Tumer TB, Kuhn P, Richard AJ, Wicks S, Stephens JM, Wang Z, Mynatt R, Cefalu W, 
Raskin I. 2014. Isothiocyanates from Moringa oleifera reduce weight gain, insulin resistance and hepatic 
gluconeogenesis in mice. Molecular Nutrition & Food Research. DOI: 10.1002/mnfr.201400679 



5% MC supplementation 
reduced pathologies of diabetes 
in diet-induced obese C57 mice.

5% MC supplementation delivers:

125 mg of MC per day (4 g/kg/day)

2 mg of MICs per day (66 mg/kg/day)

Baseline Blood/tissue 
collection

Weekly: body wt & food intake

4wk 8wk                12wk

Monthly: OGTT, MRI

Waterman C, Rojas-Silva P, Tumer TB, Kuhn P, Richard AJ, Wicks S, Stephens JM, Wang Z, Mynatt R, Cefalu W, Raskin I. 2014. 
Isothiocyanates from Moringa oleifera reduce weight gain, insulin resistance and hepatic gluconeogenesis in mice. Molecular Nutrition & 
Food Research. DOI: 10.1002/mnfr.201400679 



n=12 mice per group. Comparisons to controls  were made by Welch’s 
test. Data are means ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001.

MC-fed mice exhibited reduced weight gain
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MC-fed mice exhibited reduced fat mass accumulation 
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MC-fed mice showed improved oral glucose tolerance at 2 weeks



VHFD 5% MC

MC-fed mice did not develop fatty liver disease

70µm 



MS significantly decreased plasma glucose, plasma insulin, and 
HbA1c compared  to control rats





Reducing the burden of chronic inflammation through dietary 
integration of Moringa oleifera (NIH Fogarty K01 2015-2021)

1. Develop a cost-effective 
moringa supplement 

concentrated with nutrients 
and phytoactives. 

2. Investigate the mechanism 
of action of MICs and MC in 

pathways of cellular 
protection, inflammation, and 

metabolism. 

3. Evaluate ability of MC to 
alleviate chronic 

inflammation/metabolic 
syndrome. 

Presenter
Presentation Notes
Develop a cost-effective moringa supplement concentrated with nutrients and phytoactives. Investigate the mechanism of action of MICs and MC in pathways of cellular protection, inflammation, and metabolism. Perform in vivo studies on MC’s ability to alleviate chronic inflammatory conditions in cardiovascular and diabetic disease states. 



Arusha

Moringa Community 
Development Trainings
• Recipes
• Uses
• Processing & Construction of 

dryers
• Agricultural best practices
• Cost/benefit analysis







Drying structure in Meru. From top left clockwise: a) previous drying 
structure, b) improved structure, c) ventilation fan installed, d) 
concrete floor installed, e) improved mesh material for drying. 



Current moringa leaf cultivation in Meru Kenya (1m X 1m)



Images from Foidl, 2001 and google image searches. May be subject to copyright.



Dry weight yield of moringa leaves at various planting 
densities in 100 X 300 cm plots. 



Capacity building and trainings from top left clockwise: a) Kisumu farmers visit Meru for training 
on intensive cultivation and irrigation, b) trying new foods with moringa powder in Meru and 
demonstrating value added products, c) cooking fresh moringa leaves in Matuga with other local 
indigenous vegetable, d) Samuel Mturuchiu, myself, and Collins Mwenda in Meru, e) density trial 
review in Meru, f) community farmer visit in Kisumu, g) density and fertilizer trials in Matuga, h) 
testing moringa powder produced my farmers in Kisumu. 



Economic Potential of Moringa Production

Images from Foidl, 2001 and google image searches. May be subject to copyright.

•In Nicaragua, planting 1 million plant/ha  (with 9 harvests/yr) produced 580 tons fresh 
material per ha/yr ( ~99 tons of dry matter and ~16.8 tons of complete protein) 
•For comparison ave yield of maize in Kenya is 1.6 metric tons per ha/year

Presenter
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Culver, Mvumi, Tagwira Fanuel, and Albert Z. Chiteka. "Effect of Moringa extract on growth and yield of tomato." Greener J. Agri. Sci 2 (2012): 207-211.



Economic Potential of Moringa Production in Kenya

• Cost of 10g serving size of dried moringa powder ~ $US 2 cents.
• Current production practices in Meru, Kenya generate a NPV of US$8,049 

[ha-1] and average daily returns to family labor 1.6X prevailing local daily 
wage (projected over a 12 yr period).

• Cost benefit analysis predicted a 648% increase in NPV by intensive 
production.

• Net Production Value of Moringa @ US $1,640/ha vs Maize @ US $191/ha.

Waterman C, Peterson A, Schelle C, Vosti S. Economic viability of commercial moringa production for Kenyan small-scale farmers. Journal of Agribusiness 
in Developing and Emerging Economies, Jan 2021.

Presenter
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Comparison of US and Kenyan commercial moringa 
powders



Newly Funded on California State Grant to 
Promote Moringa

• Making Global Solutions Local: Increasing Awareness and Consumption of 
Nutrient-Dense Moringa for All Californians

• Through presentations and intensive trainings, the project will sequentially 
increase:

1. Awareness of moringa
2. Cultivation and consumption
3. Processing & Preservation

• We intend to reach to over 25,000 California residents, with a focus on underserved 
communities. 







Newly Funded on California State Grant to 
Promote Moringa

• Impact assessment of knowledge gained, taste preferences, adoption of 
cultivation, and consumption of moringa will be measured by quantitative and 
qualitative means. 

• Results will be published as part of an online website and resource to 
disseminate information and connect producers with consumers, ultimately 
scaling the moringa industry in California.





Moringa as animal fodder & growth promotor

Increased milk 
production 43% to 65%

Increased daily weight 
gain up to 32%

1.Foidl, N., Makkar, H.P.S. and Becker, K. The potential of Moringa oleifera for 
agricultural and industrial uses. In: L.J. Fuglie (Ed.), The Miracle Tree: The Multiple 
Attributes of Moringa (pp. 45-76). Dakar, Senegal: Church World Service, 2001. 

2.Fuglie, L. New Uses of Moringa Studied in Nicaragua. ECHO Development Notes 
#68, June, 2000. 
<http://www.echotech.org/network/modules.php?name=News&file=article&sid=1
94>. 

3.Reyes, S.N. Moringa oleifera and Cratylia argentea: potential fodder species for 
ruminants in Nicaragua. Doctoral thesis, Swedish University of Agricultural Sciences, 
Uppsala. 2006.



U. Rashid et al. / Bioresource Technology 99 (2008) 8175–8179

Moringa: Additional Uses- Biodiesel



Moringa seeds for water purification



Moringa: Additional Uses- Biofertilizer, 
nematocide & growth promotor

Foidl et al., found moringa sprayed on crops:
•Accelerated growth of young plants 
•Plants are firmer, more resistant to pests and disease
•Longer life-span
•Heavier roots, stems and leaves 
•Produce more fruit 
•Larger fruit  
• Increase in yield 20-35%

Several reports note root-knot nematode 
control with moringa extracts

• Amanda Hodson, Project Scientist in Ed Lewis’s 
Lab (Department of Entomology and 
Nematology), is conducting testing with moringa 
seed extract (40% MIC-1).
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Moringa: Additional Uses- Biofertilizer, 
nematocide & growth promotor

Culver, Mvumi, Tagwira Fanuel, and Albert Z. Chiteka. "Effect of 
Moringa extract on growth and yield of tomato." Greener J. Agri. Sci 2 
(2012): 207-211.
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Some references…



Positioning Academic, Government & Industrial 
Collaborations for Moringa and More… 

Foster Interaction & 
Internships

Promote Public/Private 
Partnerships

Investigate & Innovate

Translate Research to 
Feasible Solutions

Improve the lives of Africans



Business Opportunities

• Current patent on moringa processing to capture MICs exclusively licensed to Estee 
Lauder for their skin care products (US20160243176A1).

• UC Business Development Fellows Program to explore additional business 
opportunities.

• Consultant for Kuli Blossom and other moringa companies in Africa.



Moringa
•Nutrition/Health
•Agriculture
•Water Purification

•Livestock
•Economic Growth
•Climate Action
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