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INTRODUCTION

The moringa treéyloringa oleifera,has probably been the most popular plant in EClHésslbank of
underutilized tropical crops. The tree is natiwérdia but has been planted around the world améifuralized
in many locales. Moringa goes by many nameshérPhilippines, where the leaves of the moringacaocked
and fed to babies, it is called "mother's beshfifeand "malunggay.” Other names for it include llenzolive
tree (Haiti), horseradish tree (Florida), Nébédagrnegal) and drumstick tree (India).

There are about 13 species of moringa trees ifathdy Moringaceae. They are native to India, ed Sea
area and/or parts of Africa including Madagasddoringa oleiferais the most widely known species, but other
species deserve further research as to their Wisekis document, when we mention "moringa” weraferring

to M. oleifera. All other species we refer to using the Latin name.

USES OF MORINGA
LEAVES

Leaflets can be stripped from the feathery, feke-leaves and used in any spinach recipe. They are
exceptionally nutritious. Very young plants cascabe used as a tender vegetable. In many cutheeatiet
consists mainly of a starchy dish or porridge miaden corn meal, cassava, millet or the like. Sigshes or
"sauces" served with the starchy main dish areetbex very important nutritionally, as they arecofthe only
source of extra protein, vitamins and minerals.rikga leaves could easily be added to such sawscas a
potherb or as dried herbs. ECHO has publishegp@ate Technical Note that includes numerous maring
recipes.

Frank Martin states iBurvival and Subsistence in the Tropigat "among the leafy vegetables, one stands out
as particularly good, the horseradish tree. Theds are outstanding as a source of vitamin Awahdn raw,
vitamin C. They are a good source of B vitamingd among the best plant sources of minerals. Thoéuoa
content is very high for a plant. Phosphorousvg, las it should be. The content of iron is veopd (it is
reportedly prescribed for anemia in the Philipp)n€Bhey are an excellent source of protein andrg low

source of fat and carbohydrates. Thus the leawesre of the best plant foods that can be foumal His book
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Edible Leaves of the Tropidse adds that the leaves are incomparable asreesolithe sulfur-containing
amino acids methionine and cystine, which are dfteshort supply.

Dennis Rempel in Burkina Faso reported on seed EG&tDsent. "Folks loved the leaves.
In fact it is supposedly found locally, though Meayet to be shown any. They say it is rare
but highly prized to be added to sauces. Everyegs more.”

In Senegal and Haiti, health workers have beenitigganalnutrition in small children and
pregnant and nursing women with moringa leaf powdére results have been very
satisfactory and similar programs are being dewaddp other countries. Some of the results
are published below.

An Impressive Moringa Project in Senegal

Lowell Fuglie with Church World Service (CWS) inr&gal sent us a report on an impressive CWS project
called ‘Moringa oleifera Natural Nutrition for the Tropics” (also adaptadd written inECHO Development
Notes (EDN) 64. ECHO and others have published articles aboutidrey uses, nutritional content and
hardiness of this drought-resistant "vegetable'tréaiglie's report contains valuable technicabrniation and
adds an important human face by reporting res@ilé @valuation of the project and interviews witople
who have benefited from it.

People have different nutritional requirementsifierent stages of their lives. Lactating womeid aveaned
children ages 1-3 are especially vulnerable insavet@zere malnutrition is commonplace. Fuglie's repsts the
recommended daily allowance (RDA) for the majorrieuts for children ages 1-3 and for lactating womaed
compares these RDAs to the amount of the nutrmetsent in moringa pods, moringa leaves and motesfa
powder.

Here are highlights from several tables. "Foritédclged 1-3, a 100 g serving of fresh leaves wautvide all
his daily requirements of calcium, about 75% ofitos and half his protein needs, as well as ingrarsupplies
of potassium, B complex vitamins, copper and aldébsential amino acids. As little as 20 granfsesh leaves
would provide a child with all the vitamins A andh@ needs."

"For pregnant and breast-feeding women, moringaekeand pods can do much to preserve the motleaithh
and pass on strength to the fetus or nursing cl@iide 100 g portion of leaves could provide a womvdh over
a third of her daily need of calcium and give mportant quantities of iron, protein, copper, sund B-
vitamins."

Moringa leaves can be easily dried. Leaves shibeldried in the shade to reduce loss of vitamisigeeally
vitamin A. The brittle leaves are then pounded siftéd to remove leaf stems. Leaves can alsalbeed over
a wire screen to make a powder, which should bedtn a sealed, dark container. The powder can
conveniently be added to soups, sauces, baby &od,"It is estimated that only 20-40% of vitanAircontent
will be retained if leaves are dried under direstlight, but that 50-70% will be retained if leavae® dried in
the shade." "One rounded tablespoon (8 g) ofdeafder will satisfy about 14% of the protein, 40%ihe
calcium, 23% of the iron and nearly all the vitarAimeeds for a child aged 1-3. Six rounded spdsrdtileaf
powder will satisfy nearly all of a woman's daitgm and calcium needs during pregnancy and breasiirig."

"During pregnancy and breast-feeding, women are atassk of suffering from nutritional deficiensié The
table below shows the percent of the RDA of variouients for a nursing mother eating six rounded
tablespoons (about 50 g) of leaf powder dailyaldb shows the percent of the RDA for a 1-3 yedrcbild
with one rounded tablespoon of powder added tédaig, three times daily.
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Mother Child

Protein 21% 42%
Calcium 84% 125%
Magnesium 54% 61%
Potassium 22% 41%
Iron 94% 71%
Vitamin A 143% 272%
Vitamin C 9% 22%

Lowell says he first became aware of the nutritimadue of moringa from reading EDN. He did noeddo
order seeds from our seedbank, however, becausega@lready grew wild in Senegal. It was seldatese,
and Lowell writes, "much of the nutritional conténias) lost by the common practice of boiling thaves and
then discarding the water as many as three tinfesebthe leaves (were) eaten.”

The project began in early 1997. CWS partnerell wibcal NGO, Alternative Action for African
Development (AGADA). Together they trained a natwof government health workers, including doctors
nurses, and midwives, in ways of using moringdorimational booklets, brochures, a seminar ancbragots
were put together.

In December 1998, several directors of health-rartdtion-related programs conducted an outsidédugtian
of the project. The project evaluators interview@dndividuals. Based on their report, answensiémy of the
project's initial questions were obtained. Herethe questions, along with answers based onrigygart.

Would moringa leaves, leaf powder and pods be visibly effective in treating malnutrition and promoting
physical health and well being? "Successful treatment of malnourished childres lieen well-documented.
Interviews with men and women who have made moragagular part of their diets point out that theye a
keen awareness of improvements in their healtheaedgy. At one health post, the pharmacy is ndimge
moringa leaf powder to mothers with malnourisheitblcbn (US 5 cents per sachet). "

Thereislimited awareness of nutrition and the importance of balanced diets. Would people seethe value

of adding moringato their foods as a purely nutritional measure? "It is apparent that one does not need an
education in nutrition to know whether or not oadeeling healthy. People expressed every intertfo
continuing to include moringa in their diets bea@oéthe sense of physical well being it gives thémone
village virtually every household now maintaing@c& of moringa leaf powder."

Would people be receptive to changing the way they prepared fresh moringa leaves? "Traditionally leaves
are boiled 2-3 times and the water discarded afieh boiling to remove some of the bitter tasteweler,
some individuals claim they are no longer discagdire water or boiling the leaves more than orine.
addition, making sauces with leaf powder insteaftexth leaves appears to be quite popular becasagds
time and is easy to use."

Would they be receptive to adding new foods, such as moringa pods, to their diets? "This has been
surprisingly successful, since new foods are ofeny difficult to introduce in West Africa. Peoplgerviewed
have shown considerable inventiveness when it cémpgeparing moringa pods, seeds and flowers."

Would local consumption remain dependent on outside encour agement and training, or could it develop
spontaneoudly? "Partly thanks to radio broadcasts about moripgétly through training provided local
communities by some of the more dynamic health sgand partly through word-of-mouth and example,
moringa and its properties are gradually becomimgnkn even outside the project's target area. Tojegt
directly sponsored planting 10,000 trees in 1998,tds likely that a similar number was plantedibdividuals
within the region."



Page 4 Moringa

As | read through excerpts from interviews, | sedda few to share here. The supervisor of thegwy health
department at a hospital said, "We have alwaysnallems with the classical approach to treating
malnourished children. This was based on indugir@ducts: whole milk powder, vegetable oil andau All
these things are expensive. When you tell a paoegnd out and buy them—this can be truly costlytf@m."

A nurse in charge of pediatrics at a hospital kel leaf powder on hand to give out to mothdrs o
malnourished children.

An administrator at another general hospital isabetic. "I have for the past three years beerrobimg my
blood sugar by periodically drinking a tea maderfnmoringa leaves." He decided to plant a thouserebt
around the hospital complex. "This way we will aiyg have a ready supply of leaves to treat thesaafse
malnutrition we receive." [Editor: We know nothiagout the value of moringa tea for diabetes. Hdkiers
heard of this?]

One of the mothers said, "At first, when | triednarse my son, | was not producing enough milkerTh
started to eat moringa. After a short while | eadugh milk again. We now eat moringa saucesaat teree
times a week. Every other time | had a baby, ivasight during the months | was breast-feedingisTime |
have been gaining weight."

Many adults mentioned that they were no longeirsd.t Some mentioned that they and their childderp
better. One said "After we boil the pods, we distte the water and drink it. It tastes sugarytere were
some accounts of children vomiting worms the firse they were fed moringa.

Fuglie's 68-page book also contains many recipégre are numerous pictures of the people being
interviewed, which might be helpful in proposingimilar project to local leaders in other countries

The Senegal project is written up in a book called Miracle Tree: The Multiple Attributes of Magim, edited
by Lowell Fuglie. The book is available from ECH® $17.50 plus postage (North America $6; airnail
elsewhere $11). An earlier (lighter) French varsiitledL'Arbre de la Vie is available from ECHO for $9.95
plus postage (North America $2.25; airmail to elsexe $6). A video on the project, made by Lowelylke, is
also available from ECHO in English or French f&a®®5 plus postage (North America $1.75; airmail to
elsewhere $4.50). The video is callBte Miracle Tree (Moringa oleifera): Natural Nuidn for the Tropics.
You can write Lowell Fuglie at Church World Servid2 rue Felix Faure; B. P. 3822; Dakar, SenegastW
Africa or e-mail at fuglie@telecomplus.sn. ECH(egts to have the most recent version of LowelliEigy
book on our website by late winter 2002-2003.

Moringa leaves are not always available througtioeitvhole year M. stenopetalds deciduous in some of its
native range. In West Africa moringa leaves appédine end of the dry season, when there are flegr o
sources of leafy green vegetables. Leaf drop va@pending on climate and rainfall.
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MORINGA OLEIFERA
NUTRITIONAL VALUE OF LEAVES AND PODS

Analysis of Moringa pods, fresh (raw) leaves anddlteaf powder have shown them
contain the following per 100 grams of edible pmti

Leaf
Pods Leaves Powder
Moisture (%) 86.9 75.0 7.5
Calories 26 92 205
Protein (g) 2.5 6.7 27.1
Fat (9) 0.1 1.7 2.3
Carbohydrate (g) 3.7 134 38.2
Fiber () 4.8 0.9 19.2
Minerals () 2.0 2.3 -
Ca (mg) 30 440 2,003
Mg (mg) 24 24 368
P (mg) 110 70 204
K (mg) 259 259 1,324
Cu (mg) 3.1 1.1 0.57
Fe (mg) 5.3 7 28.2
S (mQ) 137 137 870
Oxalic acid (mg) 10 101 1.6%
\Vitamin A - B carotene (mg)* 0.11 6.8 16.3
\Vitamin B -choline (mg) 423 423 -
Vitamin B1-thiamin (mg) 0.05 0.21 2.64
Vitamin B2-riboflavin (mg) 0.07 0.05 20.5
Vitamin B3-nicotinic acid (mg) 0.2 0.8 8.2
Vitamin C -ascorbic acid (mg) 120 220 17.3
Vitamin E -tocopherol acetate (mg) - - 113
Arginine (g/16g N) 3.6 6.0 1.33%
Histidine (g/16g N) 1.1 2.1 0.61%
Lysine (g/16g N) 15 4.3 1.32%
Tryptophan (g/16g N) 0.8 1.9 0.43%
Phenylanaline (g/16g N) 4.3 6.4 1.39%
Methionine (g/16g N) 14 2.0 0.35%
Threonine (g/16g N) 3.9 4.9 1.19%
Leucine (g/16g N) 6.5 9.3 1.95%
Isoleucine (g/16g N) 4.4 6.3 0.83%
\Valine (g/16g N) 5.4 7.1 1.06%

to

FronMoringa oleifera: Natural Nutrition for the Tropsdy Lowell Fuglie

*The B-carotene found in moringa is a precursoretinol (Vitamin A). There are around 25
Research is still

kinds of B-carotene. Efficiency of retinol prodiact varies among types.

required to know more about the B-carotene typemanminga leaves, particularly with what
efficiency they are converted to retinol, and howcin is lost or inactivated due to various

moringa-processing methods.
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Moringa Resear ch by BIOMASA

At Proyecto BIOMASA, an agricultural research prangrlocated in Nicaragua, moringa has been studied f
over six years. Researchers have found evideacexample, that moringa can be used as a foliaydp
increase plant growth and as a green manure tairegoil fertility. Lowell Fuglie summarized sorag
BIOMASA's major findings in a report, which is expted below.

1) BIOMASA has discovered thatoringa leaf extract containsa plant growth hormone. Fuglie writes, "Juice
from fresh moringa leaves can be used to produedfective [spray containing] plant growth hormomereasing
yields by 25-30% for nearly any crop: onions, pelbper, soya, maize, sorghum, coffee, tea, chéliom. . .One of
the active substances is Zeatin: a plant hormame fine cytokinins group. This foliar spray shooddused in
addition to(and not in lieu of) other fertilizers, wateringdasound agricultural practices.

"In one trial, use of this hormone [spray] increbs®ize yields from 60 to 130 sacks per hectasing.this
hormone [spray], BIOMASA was able to grow coffe@@tmeters altitude. Coffee, shaded wiltropha curcas
produced beans in just 17 months."

Fuglie describes how the spray was made at BIOMASA:

"a) Make an extract by grinding young moringa sh@obt more than 40 days old) together with afitater
(about one liter per 10 kg fresh material).

"b) Filter the solid out of the solution. This da@ done by placing the solution in a cloth anahgirig out the
liquid. The solid matter, which will contain 12%»protein, can be used as livestock feed.

"c) Dilute the extract with water at a 1:32 ratimlaspray directly onto plants (if the extract i$ going to be used
within five hours, it is best stored in a freezetillneeded). Apply about 25 ml per plant.

The foliar spray should be applied 10 days [frdms] moment plants emerge, again at about 30 dagsehgants
begin to flower, again when seed appears and algaing the maturation phase."

2) Moringa shoots can also be used asa green manure. Fuglie writes, "Using moringa as a green magare
significantly enrich agricultural land. In thisgqmess, the land is first tilled. Moringa [seedhien planted 1-2 cm
deep at a spacing of 10x10 cm (a density of oné@maeeds per hectare. The density can be greheionly
limits to plant density are availability of seediter and fertilizer). After 25 days, plow the dagg into the soil to
a depth of 15 cm. Prepare the land again forrbye d@esired.

"Seeding can be done mechanically if the seedirsirde-hulled (see page 9 for information abamwiNikolaus
Foidl at BIOMASA de-hulls moringa seed and Appentlign page 16 for diagrams of a de-huller from C€hur
World Service). Planting kernels will reduce geration time by up to three days.

"A simple method of seeding is to first rototiletlsoil to a depth of 10 cm, then scatter seedtbeesoil and rototill
again to a depth of 2-3 cm."

3) "Whether produced for use as a green manurkyéstock or for human consumptianpringa can be grown
intensively with yields of up to 650 metric tons of green mafier hectare. This compares very well to othesry
manure crops such as lablab beans, which yield @fQ tons/hectare of green matter in pure stands.

"These high yields were obtained through subsotting depth of 60 cm (to encourage drainage and gl
development), rotavating, then planting moringa 20x10 cm density (one million plants per hectai#)
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sufficient fertilizer (cow dung is preferred). BUASA did sub-soiling with a deep plugging unit puogd by a
German company called HOWARD (unit costs US$8,0@Draquires a 150 HP tractor).

"The green matter is harvested when plants reaeligat of 50 cm or more (every 35-40 days), ceat @distance of
15-20 cm above the ground. Although losses oflisgmsdnay be 20-30% in the first year, the vigoroegrowth of
the remaining seedlings will produce 3 or 5 newoshafter each cutting. Up to nine harvests canbibgned
annually. In time (some of BIOMASA'’s moringa starate three years old) the 15-20 cm stem will becthick
and woody but will continue to send up green shoots

"The 650 metric ton yield was obtained in sandyl-dmained soil at 30 meters altitude. Rainfallssz800 mm
annually with irrigation practiced during the dsason. At this level of production, the nutrieguirement per
hectareeach year is:

1,800 kg Calcium 0.5 kg Copper
1,400 kg Magnesium 380 kg Phosphorus
0.6 kg Boron 280 kg Nitrogen

0.3 kg Zinc

"For bulk orders, local fertilizer producers carxtttiis to order. Barring that, adding urea to gxgsfertilizers
can provide many of the needed nutrients." [E@dteNhat the soils in other locations may be ablerovide a
portion of these requirements and fertilizer nemdy be different.]

4) BIOMASA conducted extensive trials usimgpringa leaves aslivestock feed for beef and milk cows,
swine, and poultry. When moringa leaves constitdi@-50% of feed, milk yields for dairy cows andlyla
weight gains for beef cattle increased 30%. "€attbre fed 15-17 kg of moringa daily. Milking stdbbe
done at least three hours after feeding to avadythssy taste of moringa in the milk." Milk pration was 10
liters/day when cows were fed moringa, compared ltters/day without moringa. With moringa feeajly
weight gain of beef cattle was 1,200 grams/day,pamed to 900 grams/day without moringa feed."

Fuglie makes some comments in his report: "Thé pigtein content of moringa leaves must be balhmgth
other energy food. Cattle feed consisting of 4@s500ringa leaves should be mixed with molassesrstane,
young elephant grass, sweet (young) sorghum plantshatever else is locally available. The maximu
protein and fiber content of livestock feed shdugd

Protein Fiber
Lactating cow: 18% 26-30%
Beef cow: 12-14% 36%
Lactating sow: 16-18% 5-7%
Meat pig: 12-14% 5-7%

“Care must be taken to avoid excessive proteirk@taloo much protein in pig feed will increase nias
development at the expense of fat production.attieefeed, too much protein can be fatal (frorerafiion of
the nitrogen cycle).” Foidl explains that ruminankeed nitrogen to feed the bacteria in their stbilut too
much nitrogen can lead to reduced liver and kidnegtion and possibly to death.

"Nutrient value of moringa leaves can be incredgmdpoultry and swine) through the addition oferzyme
(phytase) to break down the phytates, leadingdeeased absorption of the phosphorus found in garimhe
enzyme should be simply mixed in with the leavethaut heating.” It is NOT for use with ruminantisey are
already equipped with the enzyme that enables tbdimeak down food material. [Companies that Sejitase
include Roche (Hoffman-LaRoche), which has distidibsi worldwide. ECHO was quoted a price of US$&¢g0/
of Ronozyme™ P (also sold as Roxazyme™ in some rgpi@mne kilo of enzyme at that concentration can
treat 3333 kg of broiler chicken feed, the samewamof swine feed, or 5555 kg layer chicken feégou

Page 7
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don’t know of a local Roche dealer you can find ondhe internet at www.roche.com/vitamins/areasl. o
write to their mail order address at Roche Vitaniites, PO Box 910, Nutley, NJ 07110-1199, USA.]

With moringa as 40-50% of feed, “the average hirdight for local Jersey cattle, usually 22 kg, @ased by 3-
5 kg. "The higher birth weight can be problemé&ticsmall cattle. It may be advisable to inducghblO days
prematurely to avoid problems. Incidence of twimhs also increased dramatically with moringa fe8doer
20 births as opposed to the usual average of 1:1000

5) Sometimesnoringa leaf concentrate is preferable to fresh leaves for use in livestimgd. "Chickens will
not voluntarily consume moringa leaves or moriregt powder. However, about half the protein contamt be
extracted from the leaves in the form of a con@atwhich can then be added to chicken feed (at msmany
other ways). The protein content desired in chidieea is 22%. To obtain the concentrate, mix leaviés
water and run the mix through a hammer mill. Hbet mash to 70 degrees Celsius for 10 minute® pratein
will (clump) and settle to the bottom.” The proteian be freeze-dried after the liquid has beemgubaff.

Nikolaus Fiodl of BIOMASA wrote to us about a sont@w simpler alternative to freeze-drying. He wrote
"Take a pressure cooker and fit a copper or stbel in the top. Take a compressor from an oldgefator.
Link the tube to the compressor inlet and run thragressor. At a temperature of 30 degrees C anat &l6o
mm of vacuum you can take out most of the wateguaporation in vacuum.

"If you wish to use the concentrate as a fresh dodidst take the sludge after sedimentation anditmiith dry
fodder until you can handle it as a semidry madsen press it through a meat grinder to make hordema
pellets.” For pig fodder, the homemade pelletstlmamixed with the normal fodder. Foidl warns, “&eeful
not to overdo it with protein; fattening pigs nektt14% protein and lactating pigs need 16-18%."

PODS

The young pods, known as "drumsticks" by Indian eamities, are cooked and reportedly have a tdste li
asparagus. They are sold fresh and canned in fsiap markets. Tinned drumsticks are exported fhoda,
Sri Lanka and Kenya to Europe and Asia. They ateremuch like green beans. The green peas and
surrounding white material can be removed fromdampds and cooked in various ways.

FLOWERS

After about 8 months to a year, the tree begirfloteer and continues year round. The flowers caréten or
used to make a tea. In Haiti, tea from the floweidrunk for colds. The flowers provide good amiswf both
calcium and potassium. Moringa flowers are alsodgfor beekeepers since they provide a year-roaacte of
nectar.

SEED

Seeds can be extracted and eaten as "peas" (boifedd) when still green. The dry seeds
are apparently not used for human consumption gpsrbecause the bitter coating becomes
hardened.

The mature seed is about 40% oil. Moringa oilfisxxellent quality (73% oleic acid, similar
to olive oil) for cooking. Sold for many years"&#&n oil," it is used in cooking and perfumes aad heen used
as a watch lubrication, but was replaced long agsperm oil. It can be used for making soap aradss
excellent to burn for light. The oil is slow todmme rancid. The specibk peregrinafrom the Red Sea area
reportedly produces very good oil.
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Oil can be extracted from moringa seed in the home. Seed from matads which can be two feet long) are
roasted, mashed and placed in boiling water fa fininutes. After straining and sitting overnighg moringa
oil floats to the surface.

Footstepsnagazine (Issue 28) describes the oil extractiongss "Moringa seed has a fairly soft kernel, so
the oil can be extracted by hand using a screwsgetso known as a "spindle" or "bridge" presshe Feed is
first crushed, 10% by volume of water is addedpfeéd by gentle heating over a low fire for 10-1Butes,
taking care not to burn the seed. One such tektad 2.6 liters of oil from 11 kg of kernels. @rtbe best
processing conditions are worked out, an extraaitiniency of 65% could probably be expected."

BIOMASA also researched moringa seed oil extractibaglie states in his report, "Nikolaus Foidsidgmed a
motorized moringa seed de-huller with a built-ioveér to separate out the chaff. The de-hulling pathe
machine consists of two revolving rubber plateghtliy oval in shape. Seed is run through 3 timeth the
space between the plates diminished slightly eaoh tsmaller seed not de-hulled the first time el de-
hulled the 2 or 3° time).

Foidl suggests that a screw press made of simphenray be better suited for moringa oil extractivan one
made of steel. Chromium and nickel in steel magtravith the oil at high temperatures and lowegoility.
One possible screw press is the FAKT press, a Gedaaigned oil press now produced in India, which
BIOMASA has successfully used to extract Jatroghalbe FAKT press costs about US$1400 and willcgss
80-90 kg/hour. [Contact FAKT - Associated ConsultaStephan Blattman Str. 11, 78120 Furtwangen,
Germany; phone: +49 7723 91 20 63; fax: +49 7723%F32-mail: ReiMetzler@aol.com.]

Fuglie continues, "Following extraction, moringashiould be filtered (through cheese cloth or aofitder).
This will remove the protein content upon which teaia feed. Viscosity of oil can be improved byatieg it to
40-50C C before filtering."

"At Church World Service in Senegal, one oil exti@t trial used kernels that had been de-hulledegimonths
earlier. The oil promptly separated into a milkspand liquid. According to Foidl, this was prohatiue to
the rapid deterioration in the stored kernels efdhti-oxidant tocopheral acetate (vitamin E). e f{1-5) drops
per liter of the essential oil of sage, rosemarynort (or a twig of the latter), [all] excellenttdoxidants, can be
added to moringa oil to stabilize it. (Trials d@done to determine at what point the tasteettye or
rosemary oil becomes noticeable.)”

The seedcake left over after the oil extractiorcpss has several uses. It can be used as sitidéerdr in the
treatment of turbid water (see below). It is beiegearched as an animal feed, but has a bitteraad contains
anti-nutritional factors (glucosinolates, haemagjglos, alkaloids and a saponin). We have reatlitharder to
remove the bitter taste and anti-nutritional fagtgou can soak the seedcake in water for 20 iBQtes, then
sieve it to recover the residue. We do not knoveetling trials that were done in the field to thst method.

In addition to their usefulness as a source ofhodl;inga seeds can be used for water treatment. Dr. Samia
Jahn, a German woman who for many years worketh@obeutsche Gesellschaft fir Technische
Zusammenarbeit (GTZ), told ECHO how to use morisgeds to clarify water. Suspensions of ground eéed
the moringa tree are used as primary coagulartigy Tan "clarify Nile water of any degree of visibl
turbidity.” At high turbidities their action wa$naost as fast as that of alum, but at medium andtlwbidities

it was slower. The doses required did not excé&fdrnag/l. Coagulating the solid matter in watetlsat it can
be easily removed will also remove a good portibthe suspended bacteria. Jahn wrote that rivéenis
always polluted with human waste. At GTZ's samplsite, the total coliform bacteria count during flood
season was 1600-18,000 per 100 ml. After one bbueatment with moringa seed powder, the colif@onnt |
was 1-200 per 100 ml. According to Jahn, "Goodifitation is obtained if a small cloth bag filledth the
powdered seeds of the moringa is swirled rountiéntairbid water."
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To prepare the seed for use as a coagulant, retheveeed coats including the "wings." The whitenkeis
then crushed to a powder using a mortar or by ptgpici a cloth on top of a stone and crushing. Twaping
teaspoons or two grams of the powder should bednwith a cup of clean water in a bottle (e.g. assbdttle).
The water and moringa kernel powder should be shakeive minutes to form a paste. This pastden
poured through a cloth strainer into 20 L of theéewdo be purified. The water is stirred rapidly fwo
minutes, and then slowly for 10-15 minutes. Letineebucket of water undisturbed for at least arrhou
Impurities will then sink to the bottom. The wagdrould be strained again into a storage contéimarse.
This process removes 90-99% of impurities. If ¢hisra possibility of disease in the water, it barpurified by
chlorine, boiling or solarizing (placing in the @t sun in a clear bottle for two hours).

BIOMASA also studied moringa seed powder for usevater treatment. From Fuglie’s report: "BIOMASA
installed a water treatment system using moringd gewder in one village in Nicaragua. BIOMASAmls
isolated the active ingredient, a polyelectrolytethe laboratory. One hundred kg of moringa kisrmell
produce about 1 kg of (almost pure) polyelectrofyte

A SPECIAL NOTE: BIOMASA found that "the level of pelectrolyte present in the kernels is substalgtial
less during the wet season. (This may explain WhZWS's work in Senegal, a water treatment expeni
done last September failed to work!) Seed hardefstewater treatment should be harvested duriegitly
season only."

Fuglie claims that a general rule of thumb is te pgwder from one moringa kernel for two litersaafter when
water is slightly turbid, and powder from one kétioe one liter when water is very turbid. The dsand
powder can be stored, but the paste (mentioned @deagraphs previously) needs to be fresh foifyang the
water.

Fuglie states that according to BIOMASA, "Seed pemahn also be used to harvest algae from wastr,wat
currently an expensive process using centrifug8gitolina algae is used in health food and cosnpetiducts,
and it is a common fish food ingredient. The algdarmed in Mexico and Israel with minor prodoctin other
countries. To harvest the algae, sprinkle seedipoan the water. "Seed powder will cause theedligaink to
the bottom. Once harvested, further drying caddree with a simple steam-heated drum dryer heat2di@C to
kill eggs, etc.” Be aware that algae food or fpemtlucts can contain toxins from the water in whithalgae was
grown.

100% of the protein in fish food can come from algaurces, but at most 10% of protein in cattld feen be
replaced with algae protein. Foidl comments tlgaeprotein has a different composition of amicidsithan
other proteins. Mammals’ main source of proteiousth be from plants or animals.

WOOD

Moringa wood is very soft. It is advocated by samse good live fence tree. This may be trueiff itsed as
living fence posts with wire or other material atted to the tree. At ECHO we attempted to makarémal-
proof fence using extremely close spacing betwesast but we were not successful. Trees were lgpamad
would not restrain anything. Moringa makes acdaptéirewood but poor charcoal. According to Foidl
moringa wood makes excellent paper pulp—as gogubpkar Populussp.).

The bark is sometimes used to make mats and ragrue dye is also made from the wood in Senegdl an
Jamaica.



Moringa Page 11

ROOTS

Small trees a few months old can be pulled up hadaproot can be ground, mixed with vinegar attdasa
used in place of horseradish. We are told thatrmgrewn for its roots, the seeds are sometimedqian a
row like vegetables. At about 60 cm (24 in) in Iithe tree is harvested. Make sure the root isaskraped
off, as it contains several alkaloids including theic and physiologically active moringinine. Eaflarge
amounts of the root at once or too often shouldvmded, because roots also contain pterygospgsaa
below) and an alkaloid called spirachin, a nerviealyaing agent.

USE AS ANANTIBIOTIC

Pterygospermin, a compound found in the flowersrats of the moringa tree, has powerful antibiarcl
fungicidal effects. A study at University of Saan®s in Guatemala was summarizedEDN 37 (Amaranth to
Zai Holesp. 298); a reprint of the summary follows:

“Herbal applications are commonly used to treat $kfections in developing countries, although few
investigations are conducted to validate scierdiljctheir popular use. A previous study had shabwet
moringa seeds are effective against skin infedbiagferiaStaphylococcus aureandPseudomonas aeruginosa
in vitro (i. e. in a test tube). This study showkdt mice infected witls. aureusecovered as quickly with a
specially prepared aqueous extract of moringa aseuth the antibiotic neomycin. This study proeesy the
effectiveness of moringa as they prepared it. Phegparation could be done in any country, butwitt just
household utensils. It was prepared by infusing powdered moringa seeds in 100 ml of@%96° F) water
for 2 hours. The part that is a bit more compédais reducing the 100 ml down to 10 ml by pladtrig a
rotavaporator. This is a very common piece of tatmry equipment that continually rotates a flaghtaining
the liquid. An aspirator producing a modest vacusiiconnected to the rotavaporator, reducing tlessure
and causing the water to evaporate rather quicklyowt boiling it. The ointment was prepared bgqahg 10%
of the extract in Vaseline. (We can send a cophefarticle to medical personnel).”

Further studies were done in 2001 by researcheheibiology department at Gordon College in Wenham
Massachusetts. Jennifer Bonina, Grace Ju and RGssep wanted to develop a method of extractiat thd
not require specialized equipment or rotoevapomnatibhey groundforinga seeds with a mortar and pestle,
then placed the powder in 90°C water for one hatir some shaking. The extract was filtered throogtiee
filter paper, and the liquid was used to saturatalkfilter disks. The disks were placed on bdatgrowing on
nutrient medium. The seed extract inhibited groaftB. aureusandB. subtilus but did not inhibit growth of
P. aeruginosandE. coli. The filter paper and flasks were sterilizedtfor experiment.

If you are in a situation where there is a shortafgentibiotics but you have access to electriaitgl running
water, perhaps this ointment could be preparedderin the local community. If you make and téstroent
from moringa seeds, please let ECHO know.

CULTIVATION

Moringa grows best in the hot, semi-arid tropittss drought-tolerant and grows with rainfalls250-1500
mm (10-60 in) per year. Altitudes below 600 m (@®) are best for the moringa; however, it groywsta 1200
m (4000 ft) in some tropical areas and has bearded growing at 2000 m (6000 ftMoringa stenopetalin
Ethiopia is regularly found at altitudes up to 180@6600 ft).

At Proyecto Biomasa in Nicaragua, they found tHeatiive altitude limit for growing moringa to be Géneters.
[This might be higher nearer the equator.] Thep @y that excessively windy conditions causdréesto dry
out.

In the sub-tropics, moringa will tolerate light $te. A freeze can kill a mature tree back to tduts (as has
happened to our trees here at ECHO), but it isldepe recovering. It quickly sends out new grovrthm the
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trunk when cut, or from the ground when frozengd®d temperature range for the tree is 25-35° EQBPF),
although it can tolerate up to 48°C (118°F) foritleth amounts of time.

The moringa tree prefers well-drained sandy or Isaih It will tolerate a clay soil but not wateigging. At
ECHO the tree is set back when our water tablesdtarylong periods at an inch or two below the scef It
tolerates a wide range of pH (5-9), growing quitdhwn alkaline conditions up to a pH of 9. We kdwound
that it responds well to mulch, water and fertitize

Moringa is an extremely fast growing tree. It caach up to 4 m (15 ft) in a year, reaching an sadrheight
of 6-15 m (20-50 ft). Roy Danforth in Zaire wrot@he trees grow more rapidly than papaya, with thmee-
month old tree reaching 2.4 m (8 ft). | never kriteere would be such a tree." The tree in ourmggarden
grew to about 4 m (15 ft) in 9 months, and had meérack several times to make it branch out méires
advisable to prune trees frequently to a shrub femthey will become lanky and difficult to hartedf folks
begin regularly breaking off tender tips to cookenhrees are about 1.3 m (4 or 5 ft) tall, thestteecome
much bushier.

Those to whom we have sent the tree in Africa teen pleased at its tolerance of dry weather. \RobOs

rated its growth, yield and potential as exceptiana added that it "can be planted after the athars, even near
the end of the rains.” He has introduced it igeesal villages already. The first plants grewwatl for Gary
Shepherd in Nepal that he had us arrange for 566@s to be shipped. He reports that at five nsmnk was 3.6
m (12 ft) tall and most were 1.8 m (6 ft).

Alicia Ray wrote a booklet on the moringa (or bdiva) tree in Haiti some time ago. She wrote, "It
seems to thrive in impossible places—even neasdhein bad soil and dry areas. Seeds sproutyeadi
in one or two weeks. Alternatively one can plabtanch and within a week or two it will have
established itself. It is often cut back yearaftear in fencerows and is not killed. Becausthid, in
order to keep an abundant supply of leaves, floaadspods within easy reach, "topping out" is ulsefu
At least once a year one can cut the tree off 8feet above the ground. It will readily sprouaisg

and all the valuable products will remain withiriesaasy reach.”

Beth Mayhood with Grace Mountain Mission in Haitamted to establish a model vegetable garden oralh sm
piece of land. "It was windswept and sun bakedh wi natural barriers or trees in the area. Sl poor

and very alkaline. The salt content was also higle started in January to prepare large quantfiesmpost.
In April holes were dug in the poor soil and fillaith compost. Moringa trees planted in seedbedsmated
in 3-4 days. In 9 weeks they were transplantdekiveen the garden beds, around the edge of tR&B0n
(200 x 250 ft) area and in a double row about 1.(51it) apart in the middle. The trees protectgdilast the
prevailing winds." | saw slides of this spot latend it was impressive. The light shade of tke ts a
considerable help to most vegetables.

| cannot emphasize enough how important it is ®oprsining of some sort. If left to itself, thedreecomes
quite tall and lanky. This method of cutting ittkao 1.2 m (4 ft) each year sounds good. One oakekhried
with some success was to cut each branch back afteo it had grown 0.6 m (2 ft) until it was a ltiloranched
shrub. It appears that there is genetic varigiifiat results in some trees that are pruned sgrilsnnew
branches straight up rather than to the sides. &@ldns to select for trees that branch well ipoese to
pruning. Alternatively, normal harvesting can httve same effect if begun while the tree is youBgth
Mayhood wrote, "We liked them so much we beganipigkhe growing tips to boil as a spinach sevenaés a
week. This picking of the growing tips causedttiee to branch. Our constantly pruned trees became
thick-limbed and many-branched."
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PROPAGATION

Moringa can be grown easily from seeds or cuttingseds should be planted 2 cm (approximately desp
and ought to germinate within 1-2 weeks. Germamatates are usually very good, but can drop tafies two
years. Dr. Jahn reports on work in the Sudan thaivs that optimum light for germination of all muogia
species is half shade. When sown in the hottethgeaf mid-April, germination percentages fr
stenopetalandM. oleiferawere only 54 and 40 percent, compared to 92 aregeent in half shade. During
the cool dry season there was little difference.

Both M. oleiferaandM. stenopetalddescribed in the following section) can be sthftem cuttings. Cuttings
45-100 cm (18-40 in) long with stems 4-10 cm (2¥wide should be taken from the woody parts of the
branches. It should be wood from the previous.y€arttings can be cured for three days in the slaadl then
planted in a nursery or in the field. However, whwuld note that trees grown from cuttings arednio have
much shorter roots. Where longer roots are anrdadyga for stabilization or access to water, segdlare
clearly preferable.

OTHER SPECIES

M. stenopetalas native to Africa and, as mentioned earlier doices larger seeds and leaves tMawoleifera.
M. stenopetaldeaves taste similar td. oleiferawhen cooked and milder if tasted raw. Below isdapted
excerpt orM. stenopetalafrom ECHO's boolAmaranth to Zai Holegp. 115).

MORINGA STENOPETALA. Moringa oleiferanative to India, is the number one seed in our
seedbank in terms of number of requests and pesiiports. When we learned that a moringa nadive t
Ethiopia had larger edible leaves, more droughistasce, and larger seeds (important for thosegusin
moringa to purify water), we were obviously intéegs Dr. Samia Jahn shared some seed with us
which we shared with our network. The trees hasenborn seed at ECHO, but we occasionally are
able to get seed from those to whom ECHO has sewt slf you have had success vitholeifera it

may be time to try this "new" species. The genlegise is probably quite limited because all thestre
came from a small number of original seeds. 34.i§tenopetalaloes well, you might want to try to
find a second source to increase the diversithéngenetic base before beginning a large project.

Michael Madany wrote from Somalia of his compariswal with seed received from elsewhere a few
years ago. "In spite of the initial rapid growthd. oleiferg in drier years the species has not done
well without some watering. THd. stenopetalaby contrast, has the lushest green foliage and
continued to grow during the exceptionally long deason from last August until this April. We bega
cooking leaves and young shoots in April (tasttheftwo species very similar). We obviously aren't
eating it fast enough, since two large limbs halef under their own weight."

Compared withM. oleifera the trunk ofM. stenopetalds considerably thicker at the base, the tree
seems more vigorous, the leaves are larger, @ndtéd raw the leaves are mild®r. Jahn says that in
the SudarmM. oleiferadevelops into a slender tréd, stenopetalanto a round shrub-like tree.

The more bushi. stenopetalacan be planted as a wind break. We were tolchefsituation as

follows: "Seedlings were planted in a windy coraea spacing of 1 m. As soon as the upper branche
of the tree grew broader, they were cut and thestresponded by more profuse growth of their lower
branches, thus thickening the hedge. Vegetablésated behind it profited from this protection."
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M. stenopetaldrees have been grown as ornamentals in privateega of Europeans in Kenya,
reaching 10-12 meters. Their trunk diameters aleaat 2-3 times as thick as that\bf oleiferain
Sudan. In Ethiopiayl stenopetalas cultivated as high as 1800 meters (5400 fegtgre people use
ash as the main fertilizer. By the end of a longskason the trees may have lost their leaves.

Dr. Jahn cites reports thisk stenopetaldrees are not as quick to set flowerdvaoleifera In Sudan
the first flowers appeared after 2 1/2 years, cargbto 11 months favl. oleifera Charlie Forst
reported that a tree that he planted in the CeRtedbau of Haiti flowered in 15 months; however, i
was grown from a cutting, which may make the défere. At that site, the low-branching, large-ldafe
M. stenopetalahowed far superior growth in the dry seasons it full leaf after months without rain,
while M. oleiferasuffers after severe drought.

Michael Madany wrote again, this time from Keny&ince | am quoted in EDN with regard to our
experience witliMoringa stenopetalén southern Somalia, I'd like to send a few mamments. The

last time | saw the trees we planted in FebruaB6i®as January 1990. They had only flowered once
(in 1987 or 1988; only a few flowers) and neversasd. Thus, whenever | wanted to plant more sl wa
obliged to use cuttings. As far as a source aéigreegetable matter in the dry season, the trgmsses
its domestic relativloringa oleiferain that climate (bimodal rainfall of 400-800 mn-20°C).

However, for the purpose of producing water-purifyseeds it seems to be not so successful, aieast
the first 5 years. | am mystified as to the readon this. The provenance for our trees was 50€r

km west at a considerably higher elevation.” Malhaentions that during the civil war in Somalia th
project buildings were destroyed and "all the tieesur garden were cut down."

Jay Ram wrote from the Pacific Neem Mission in Hawavly Moringa stenopetaléree is now 10 feet
tall and growing vigorously. | really share yountleusiasm for this wonderful tree. It is one of thest
species we have come across. Fast growing witl tmen, and high palatability. In fact, | commonly
will eat the boiled leaves by themselves, [somethido not do witiMoringa oleiferawhich is

common on the island].”

There is another interesting difference. The robtd. oleiferaare used as a condiment similar to
horseradish. Witi. stenopetalat is the bark that is so used

M. peregrinais another moringa species with much potentiabfoproduction. The starchy roots are eaten.

This species of moringa has wood that is goodifemwbod and charcoal and that also resists termites

SEED SOURCES

ECHO can provide trial-sized quantitiesMbringa oleiferaat no charge to those who are doing agricultural
development work. For others or those seekingelaggantities, write us for prices. The followiogmpanies
indicate that they sell moringa seed:

» The Banana Tree, 715 Northampton St., Easton, 884 2; 610/253-9589; www.banana-tree.com

e Carter Seeds, 1611-A SO Melrose Dr. #1, Vista, €2983; 800/872-7711; www.carterseeds.com

* Hurov's Seeds & Botanicals, P. O. Box 1596, Chusaay CA, 91912; , 619/ 690-1741

» Ellison Horticultural PTY.Ltd., P.O. Box 365, Nowrd.S.W. 2541 Australia p: 6144-214255
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Horti Nursery (for bulk orders), 25'FI. Raji Medical Bldgs, 1103 EVN Rd. ERODE, 638008\
INDIA; p:91-424-261815; fax: 91-424-267588; www.tioursery.com; e-mail: kodis@eth.net

Kumar International, Ajitmal 206121, Etawah, Uttaadesh, India.

Shivalik Seeds Corporation, 47, Panditwari, P. @mPNagar, Dehra Dun - 248007, U. P., India; tel.
91-135-683-348; fax 91-135-683-776; E-mail: hilar@del2.vxnl.net.in; www.shivalikseeds.com

Samuel Ratnam, Inland & Foreign Trading Co., (Bl@ek, Indus Road #04-418/420, Singapore,
Tel: 0316 p 2722711, fax: 2716118)

Kenya Forestry Research Institute (KEFRI), P. Ox Bd412, Nairobi, Kenya, Tel. (254) 154-32891;
Fax (254) 154-32844; E-mail kefri@arcc.or.ke.

Tanzania National Tree Seed Programme, P.O. B& Ma@rogoro, Tanzania; Tel: (255)-56-3192 or (255)-
56-3903; Fax: (255)-56-3275; E-mail: ntsp@twiga.camtp://home.twiga.com/ntsp/

WEB SITES& OTHER INFORMATION

The home page of the family Moringaceae by Marlo@Is
http://hoya.mobot.org/gradstudents/olson/moringatbtml

University of Leicester 's Department of Enginegfiage on moringa:
http://www.le.ac.uk/engineering/staff/Sutherlandfmga/moringa.htm

Despite spelling errors this page has good infdonat
http://agrss.sherman.hawaii.edu/onfarm/tree/tre2®@ml

Proyecto BIOMASA, Uni Rupap, Costado Sur, Villa gesso, Managua, Nicaragua:
http://www.ibw.com.ni/~biomasa/

ECHO'’s web site contains information about moringa:
http://www.echonet.org

Also check our on-line bookstore for titles abowrimga:
http://lwww.echonet.org/shopsite_sc/store/html/indeml

Church World Service’s web site dedicated to theinga.:
http://www.moringatrees.org
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APPENDIX A

A Seed Dehusker from Church World Service

Church World Service’s booklet “Design for a
Hydraulic Press Adapted for Moringa Seeds” says the
following about the pictured seed dehusker:

“A simple machine can be built to make the job of
removing the shells easier. This pedal-powered see
dehusker was built by a Senegalese technician in
Dakar.

“Although a fan was built into the machine for the
purpose of separating the chaff from the kernhis,
proved to be impractical and the fan is presenly
being used.

“Inside the machine, a turning screw shaft crablks t
shells and the whole kernels and bits of shell drop
through the hole at the bottom. The space between
end of the shaft and the machine housing can be
adjusted to accommodate different types of seed.”

Below are interior views of the seed dehusker ithat
pictured at the top le




