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Projected Population Growth  

Region 2011  2050 Change Percent 

World   6,987    9,587    +2,600      +  38 

High Income   1,242    1,333    +     91      +    7 

Low Income   5,745    8,254    +2,509      +  44 

East & S.E.  Asia   2,183    2,308    +   125      +    6 

South Central  Asia   1,795    2,574    +   779      +  43 

Sub-Saharan  Africa      883    2,069    +1,186      +134 

Lat. America/Carib       596       746    +   150      +  25 

N. Africa & W. Asia      451       725    +   274      +  61 
Source: Population Reference Bureau. 2011 World Population Data Sheet. 



State of Nutrition in Sub-Saharan Africa: Case 
studies from Kenya and Zambia* 
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• While undernutrition is decreasing in many developing regions, parts 
of Sub-Saharan Africa have yet to begin the “nutrition transition”. 
 

• Broad-based efforts to reduce the prevalence of undernutrition in 
these countries need to focus on reducing the prevalence of 
undernutrition without promoting excess weight gain.  
 

• Future economic advances need to consider integrated approaches to 
improving economic standings of households without increasing risk 
for overnutrition or increase in consumption of processed foods.  

• Interventions promoting consumption of nutrient rich foods, 
presenting stronger cases to parents & educators as to the 
importance of diet for improved health and success in schools are 
recommended (*Hoffman et al., unpublished, 2016). 

 



Why focus on African Traditional Vegetables (AIVs*)? 

 • Mainstay in traditional diets 
• Neglected crops ~ 400 species, rich history, locally adapted, 

many easy to grow 
• Not normally cash crops 
• Periods of abundance and periods of scarcity – rainy vs. dry 

season 
• Many contain high levels of nutrients- comparable to European 

vegetables being rich in proteins, vitamins, minerals and with 
medicinal/health properties  

• Health, Nutrition and Medicinal value – natural bridge linking 
agriculture and nutrition and health  

• Tremendous market potential & undervalued nutrient source 
• Consumer interest and levels of consumption largely 

unrecognized 

 

 

*African Traditional Vegetables are also called African Indigenous Vegetables (AIVs) 



Horticulture Innovation Lab Nutrition Research 
Program 
 

• Overall  goal of our program is to improve the 
production and increase consumption of African 
Traditional Vegetables in communities to improve 
nutrition, income and health outcomes of people at 
risk for malnutrition in Eastern Zambia and Western 
Kenya 

• Builds upon a prior pilot study which showed 
significant interest and acceptance in these 
undervalued crops. 

• Using the Rutgers Models of Market-First, Science 
Driven Development for Income Generation and 
Increased AIV Consumption  
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Horticulture Innovation Lab Nutrition Research 
Program Builds Upon the 4 A’s:  

Access Affordability 

Availability 

Adoption 

(Increased Consumption) 

Leading to Measureable 
Health Indicators in targeted 

populations in Kenya and 
Zambia 

African Indigenous Vegetables: 

Nutrition, Health, Income Generation 



• Age 

• Pregnancy/la
ctation 
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• Access 

• Control 

• Resources 

• Control over 
spending 

• Livelihoods 

• Seasonality 

• Access 

• Knowledge 

• Resources 

Technical 
Factors 
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Factors 

 Biological  
& Cultural 

factors 

Household 
dynamics 

  Factors Impacting Nutritional Success 



Frequency of AIV Consumption: Pilot Survey Zambia 

1=Rarely (once a month); 2=Sometimes (1-2 times a week); 3=Every day (6-7 times a week) 

AIV Rarely Sometimes Everyday 

Maize Processed 3.9 29.4 66.7 

Amaranth 24.1 69.0 6.9 

Nightshade 46.2 53.8 0 

Spider Plant 39.1 60.9 0 

Cowpea 59.1 40.9 0 

Jute Mallow 23.1 76.9 0 

Kale 26.1 69.6 4.3 

Sweet potato leaves 28.6 71.4 0 

Orange sweet potato 64.3 35.7 0 

Okra 26.9 73.1 0 

Ethiopian mustard 35.3 64.7 0 

African eggplant 41.4 58.6 0 

Other AIVs 28.6 71.4 0 



Assessing the context, 

determine and report the 

nutritional status, dietary 

intake and diversity, and AIV 

consumption for adults in 

Kenya and Zambia initially 

using published data and 

existing datasets. 

 

Tracking changes to 500 households on dietary intake and 

diversity & AIV consumption in Kenyan & Zambian communities 

that are being exposed to AIV production, marketing, and BCC 

compared to control communities receiving no special treatment  

Obj. 1 Hypothesis: Appropriate interventions can 

increase access to and consumption of AIVs among 

producers & consumers within Kenya and Zambia  

Food and nutrient intake: Data 

is being analyzed to determine 

the following: 

Nutritional status 

Dietary diversity 

AIV consumption by gender, 

geographical area, season, and 

income. 



0% 10% 20% 30% 40% 

Amaranth 

Nightshade 

Spider 
plant 

Cowpea 

Org. Sweet 
Potato 

Opportunity to earn 
extra income 

Home consumption 

Production Experience 

Good Prices 

Note : Rest of the % belongs to Other AIV’s 

Obj. 2: Hypothesis: Appropriate promotion & expansion of 

availability of AIVs at the local level will strengthen market access 

and sales for producers of AIVs:  

(Production & Preferences of AIVs) 



From where do they get their African Traditional 

Vegetables seeds? 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

Amaranth Nightshade Spider plant Cowpea Orange Sweet 
Potato 

Ag. Dealers ASNAPP Farmers &Friends 

Shop & Local  Own farm & Recycled  Others  



AIVs Trading Partners 

Direct to 
consumers , 

73% Wholesaelrs , 
18% 

Retailers , 4% 

Roadside 
stands , 3% 

Brokers, 1% 

Supermarkets 
, 1% 



Constraints in AIV Farming  

0% 10% 20% 30% 40% 50% 60% 

Lack of seed or 
plant materials 

High price of 
fertilizer  

 High prices of 
improved seed 

Lack of credit to 
buy fertilizer 

Pests & 
Diseases  

Poor vegetable 
leaf market 

prices 

Spider plant Amaranth  Night shade 



Obj. 3. Determine best management practices for AIV 
production and increase capacity and access to AIVs 

 •Survey results,  

•Focus groups and 

• Participatory research  
guide intervention  
activities 



Quantifying AIV nutritional 

components toward being 

officially categorized as 

“nutrient-rich” by 

comparing to per-100 gram 

“high-source” thresholds 

according to Codex 

Alimentarius Guidelines on 

Nutrition Labeling. 

 

Step 1: Characterizing AIVs 

as “nutrient-rich”  

Step 2: Selection of those 

species and 

landraces/varieties which 

are nutrient rich. 

 

“Problem” nutrients for women and children 

highlighted 

Obj. 4. Evaluation of nutrient composition of AIVs: 



Vegetable amaranth field performance: Identifying  
those (i) nutrient rich lines; (ii) those acceptable to 
farmers and (iii) acceptable to consumers/markets 

 

RUAM24 (left) and Madiira (center) in RCB, Arusha, Tanzania 2014.  Photo: David Byrnes 



Selecting Vegetable Amaranth for Elevated Fe, Ca and Mg 

•Ca and Mg above “high-source” thresholds in all 
amaranth populations grown in Tanzania and New Jersey 
in all field trials and across years 

•Fe varies by line and environment; yet we identified a 
WVC PI 674263 from which we made further 
improvements now as an RUM24 High Iron Amaranth 
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Fe content 4 Amaranth lines across 
3 trials 

Black horizontal lines represents Codex Alimentarius “high-source” thresholds per micronutrient 



Amaranth spp.  

  

mg α-

tocopherol/100g 

mg β-

carotene/100g  

IU α 

tocopherol/100g 

IU β-

carotene/100g 

Polyphenols 

(GAE/gram) 

A. Cruentus  (AM-

33) 

<0.517 1.00±0.45 <0.77 1659.91±750.14 2.21±0.39 

A. Hybridus (AM-

14) 

1.13± 0.02 3.97±1.01 1.68±0.03 6585.15±1681.74 3.94±0.77 

A. Tricolor (AM-80) 1.03± 0.12 4.85±0.56 1.54±0.17 8049.65±923.98 35.70±0.48 

Spinach* 2.38 3 3.55 4980 
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Representative HPLC chromatogram of  A. hybridus (AM-14) at 290nm 

Vitamin E (α-tocopherol) content of Amaranthus 

spp. lines (IU/100g) 

Beta carotene content of Amaranthus spp. 

lines (IU/100g) 

 

*USDA online; ** Indian J. Med. Res. 71, 1980 pp 

53-56 



Spiderplant (Cleome spp.) 
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α-tocopherol 

  

mg α-

tocopherol/100g 
 

mg β-

carotene/100g  
IU α 

tocopherol/100g 
IU β-

carotene/100g 
Polyphenols 

(GAE/gram) 

C. gynandra (SP-

16) 3.04±1.77 5.37±4.03 4.54±2.64 8924.00±6688.92 3.53±0.89 
C. rubella (SP-11) 3.67±1.27 4.40±1.08 5.47±1.90 7313.15±1793.79 10.00±0.87 

C. hirta (SP-9) 5.55±1.83 7.70±3.68 8.29±2.72 
12790.75±6107.0

5 6.84±1.35 

C. gynandra (SP-

5) 7.32±2.21 17.80±4.80 10.92±3.30 
29551.45±7972.5

5 6.60±0.96 

Spinach* 2.38 3 3.55 4980 

Representative HPLC chromatogram of  C. rubella (SP-11) at 290nm 

Vitamin E (α-tocopherol-blue) and b-carotene (red) content  of Cleome spp. accessions 

(mg/100g) 

*USDA online; ** Indian J. Med. Res. 71, 1980 pp 

53-56 



Nightshade (Solanum spp.) 
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  mg α-tocopherol/100g 
 

mg β-

carotene/100g 
IU α 

tocopherol/100g 
IU β-carotene/100g Polyphenols 

(GAE/gram) 
S. Scabrum (NS-2) 10.69±0.20 7.41±0.45 15.95±0.67 12302.07±752.98 3.83±0.35 
S. Nigrum (NS-3) 11.49±0.86 8.51±0.37 17.14±0.56 14120.08±619.71 7.31±0.37 

S. Nigrum (NS-4) 9.04±0.37 6.23±0.04 13.49±0.05 10343.37±58.46 Pending 
S. Nigrum (NS-5) 14.13±0.19 9.37±0.28 21.10±0.41 15555.23±460.88 Pending 

S. Nigrum (NS-6) 6.41±0.28 6.27±0.20 9.57±0.29 10411.42±326.37 Pending 

S.Americanum (NS-

10) 14.55±0.52 9.61±0.37 21.71±0.56 15947.41±621.35 7.22±0.77 

S. Nigrum (NS-13) 22.97±1.99 13.88±1.09 34.28±1.63 23047.75±1810.53 Pending 

S. villosum (NS-18) 11.43±0.36 13.54±0.36 17.05±0.54 22483.78±602.64 5.76±0.79 

Spinach* 2.38 3 3.55 4980 

Vitamin E (α-tocopherol – blue) and b-carotene (red) content  of Solanum spp. accessions 

(mg/100g) Representative HPLC chromatogram of  S. nigrum (NS-6) at 290nm 

*USDA online; ** Indian J. Med. Res. 71, 1980 pp 

53-56 



Leaf extracts of  Solanum nigrum (USDA PI 312110 ) by HPLC-ESI-MS 

revealed a lack of alkaloids, yet are rich source of saponins, which are 

oxygenated analogues of nitrogenous alkaloids.  

These can be either good (=bioactive & improve health) or exhibit anti-

nutritive properties. BUT: the fruit contained high levels of both alkaloids & 

saponins.  

 

 

  

Possible Anti-Nutrititive Properties- Are Alkaloids Present?  

 

No

. 

Retentio

n 

time/mi

n 

compounds tentative 

identification 

molecular ions and fragments identification 

(HPLC-ESI-MS) 

1 9.5 
dehydrodiosgenin-G-G-R-

R 

[M+ACN]+ 1069.9, [M+H]+ 1030.0, 883.8, 737.7, 

575.6, 413.6 

2 10.5 
diosgenin-G-G-R-R 

(isomer 1) 

[M+ACN]+ 1071.9, [M+H]+ 1031.9, 885.9, 739.8, 

577.7, 415.5 

3 12.6 
diosgenin-G-G-R-R 

(isomer 2) 
[M+H]+ 1031.6, 885.7, 739.7, 577.6 

4 14.3 
diosgenin-G-G-R-R 

(isomer 3) 
[M+H]+ 1031.6, 885.5, 739.6, 577.6 



Nutritional Benefit of Moringa: Mineral Content  

*Daily Value Based on FDA standards;  **Threshold based on Codex 

Alimentarius standards  

Figure : Compares the mineral composition of Moringa dried leaves grown in Zambia in this 

project with both the FDA and CODEX for daily values and threshold respectively.  Moringa 

is both a high source of Iron and Zinc, making it a very important crop for cultivation in 

areas such as Zambia 

Mineral  Range of 

Milligram 

Nutrient/10

0g sample 

Daily Value 

(%)* 

Source 

Threshold** 

Iron  13-41 72-225% High  

Magnesium 260-380 65-95% High  

Calcium 1330-1870 133-187% High  

Zinc 1.6-3.2 11-21% High 



Recommendations: Hear it in Their Voices 

Women of 

Nsongwe 

https://vimeo.c

om/127078444 

 
For AIVs: 
https://vimeo.c

om/106964329 

USAID Program in Integrated Horticulture/Nutrition 

https://vimeo.com/127078444
https://vimeo.com/127078444
https://vimeo.com/127078444
https://vimeo.com/127078444


Challenges 
• Need greater understanding as to current best intervention 

practices that will lead to increased consumption of fresh 
produce including AIVs. 

• Rural communities and peri-urban households need greater 
access to affordable AIVs. 

• AIVs often unavailable particularly during dry seasons. 

• Strengthening of AIV value chains needed from access to 
improved varieties, fertilizer and more. SWOT analyses have 
been conducted in both Kenya and Zambia (with 200 producers 
and >50 intermediaries in each country) to identify the gaps; 
dietary diversity studies now ongoing in Kenya and Zambia. 

USAID Program in Integrated Horticulture/Nutrition 



Using  our Market-
First Science-Driven 
Models  



Considerations 

• Project findings indicate that in the targeted rural and peri-
urban households in western Kenya and Eastern and central 
Zambia AIVs are known to over 90% of the populations and 
viewed as culturally acceptable, desired as preferred food 
options but they are still rarely to periodically only  consumed. 
This translates to a potential untapped market demand of 
millions.  

• A systems approach to enhance access, and adoption 
(production and consumption) has been leading to significant 
new income generation opportunities to those that were not 
previously involved in commercial horticulture production and a 
greater awareness to communities of their nutritional and 
health value. 

USAID Program in Integrated Horticulture/Nutrition 



Lessons Learned 

• Small-holder farmer yields on AIVs limited due to poor soils, 
low fertility, low inputs, lack of knowledge, and not considered 
‘commercial crops’. 

• Improved varieties recognized by growers are needed. 
• Improved water management needed 
• Pest management important  
• Improved postharvest handling from farm-storage-

cleaning/grading & transportation 
• Need collection centers/aggregation points for bulking 
• Educational and outreach programs are effective in increasing 

interest and awareness of the benefits of AIVs. 
• New introduced AIV lines (mostly originating from 

collaboration with WVC) are being well accepted by growers. 

USAID Program in Integrated Horticulture/Nutrition 



Key Takeaways 
• Households and communities in rural areas are far more 

interested AIVs (and other horticultural crops) when they can 
be used to generate income streams over the year as well as 
have greater access to use them in their own household 
preparations.  

• Using a market-first approach including surveys and focus 
groups as to what they now consume vs. what they would 
consume is an effective way to plan interventions and build-in 
sustainability strategies from the outset. 

• Effective BCC venues can be identified by community members. 
• AIVs targeted in this project are among those selected by those 

surveyed and which can be scientifically shown to be nutrient 
rich.  Nutritional benefits can be a key driver in the increased 
consumption & trade in indigenous plants such as AIVs.  

USAID Program in Integrated Horticulture/Nutrition 
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