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Abstract
Leaf concentrate is an extremely nutritious human food, containing approximately 50% (dry weight) highquality protein, together with numerous micronutrients, principally b-carotene, vitamins B6, B9, E and K,
plus iron, calcium and magnesium. Many studies have shown that those consuming it recover quickly
from nutritional anaemia and have a significantly improved general state of health. Today, over 40,000
people receive a daily serving of 10g of dried lucerne leaf concentrate.
The fractionation of leaves was first reported over 200 years ago and has been the subject of extensive
research and application since the 1940s. The process breaks down the original leaves into three products:
residual fibre, ‘whey’ and leaf concentrate. The whey and the fibre are effective fertilizers, substrates for
fermentation and/or animal feed. Through the use of all three products, leaf fractionation can be more
productive, in terms of edible protein per hectare of land, than any other known agricultural method.
This chapter presents the history and nutritional qualities of leaf concentrate, provides technical
details of leaf fractionation at domestic and intermediate (community/semi-industrial) scales of production, and reviews studies that provide evidence for the effectiveness of leaf concentrate in improving
human nutritional status. It concludes by reviewing the factors that have hitherto hindered the widespread adoption of leaf concentrate and leaf fractionation. The authors suggest how these may be overcome, and discuss the potentially wider role of leaf concentrate in alleviating human malnutrition,
including its use in a locally produced ready-to-use therapeutic food.
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Introduction
Here is just one example of a subject that
I believe deserves to be better known and

investigated, and whose benefits for
undernourished children – and adults –
are potentially immense. This is leaf
concentrate. (John Waterlow, FRS,

* Much of the fieldwork, promoted by Find Your Feet, Leaf for Life (LFL) and Association pour la Promotion
des Extraits Foliaires en nutrition (APEF) and reported here, was made possible by generous annual donations, since the early 1970s, from the Tolkien Trust and Vegfam, and by the cooperation of the University of
Rajasthan, Jaipur, India.
** Contact: glyn.judith.davys@wanadoo.fr
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Professor (Emeritus) of Human Nutrition,
London School of Hygiene and Tropical
Medicine (1))
It is widely accepted that food security
and maintaining the social fabric of communities help alleviate and prevent malnutrition
(2). Also well recognized is the role of good
nutrition in preventing infection and in aiding
not only the physical but also the psychological and emotional recovery from illness (3).
Increasingly acknowledged, too, is the
brake on economic development caused by
malnutrition: almost everyone will know,
from personal experience, how lack of food
adversely affects strength and the ability to
concentrate on a task.
However, still underestimated are the
long-term effects of a deficient diet on a mother
during her pregnancy and while breastfeeding,
and also on the child, especially from weaning
to the age of 6 years. The consequences for children’s physical development and nervous system can be permanent and limit their ability to
learn and later obtain skilled employment. This
can significantly impede the evolution and economic progress of countries where nutritional
deficiencies afflict a sizeable proportion of the
population, particularly the young.
The production of leaf concentrate
through the process of leaf fractionation offers
a considerable contribution to the alleviation
of the problems mentioned above.
All life depends, directly or indirectly, on
the products of photosynthesis. Leaf fractionation produces not only a highly nutritious
human food – leaf concentrate – that can be
made in the home or mass-produced, but also
offers a highly efficient way of using agricultural land.
When perennial forage crops are repeatedly harvested on the point of flowering and
fractionated, their yield (per unit area) of protein and associated micronutrients is greater
than from any other known method of farming (4–6). Because of this, land used for the
production of protein-rich crops can be
released for growing staple crops, thereby
increasing the overall production (per unit
area) of a balanced diet.
Such economy of land use, while desirable
in any circumstances, is becoming more urgent
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and important in the current context of increasing pressure on arable land and water resources
from a growing global human population,
combined with soil impoverishment and erosion and the erratic rain patterns and potentially rising sea levels associated with global
warming. Leaf fractionation is a powerful tool
to help manage this changing global situation.

Brief History and Current Status of Leaf
Concentrate in Human Nutrition
The following summary is a brief overview
of past and present work involving leaf concentrate in human nutrition. For comprehensive details of the biochemistry of leaf
concentrate and the technicalities of its preparation, storage and use in human and animal nutrition, readers are directed to what
are considered to be the standard texts on
the subject (4,7). Details of projects are available through the organizations concerned or
in cited references.
The nutritional value of leaf concentrate
has been recognized for over 200 years. Its
existence was first reported by Rouelle in
1773 (8), who described the curd that he
obtained by heating leaf juice as an ‘animal–
vegetable’ substance. Shortly afterwards,
Beddoes suggested that it should be made
into human food (9). Over the next 150 years
there was occasional research, but it was not
until the early 20th century that serious work
began into the nature of the curd, the methods of separating it from the fibre and the
nutritional value of both (10–12).
For over 50 years, from the early 1940s,
the leading researcher in the UK was N.W.
Pirie, FRS, based at Rothamsted Experimental
Station. His team investigated many aspects
of leaf concentrate, including biochemistry,
toxicology and production. Much of this
research, from the late 1960s to the early
1990s, was cross-fertilized by leaf concentrate projects run by ‘Find Your Feet’, a
small British non-governmental organization (NGO), in partnership with local community organizations in Africa, Bangladesh,
India and Sri Lanka. From the late 1980s,
‘Leaf for Life’, based in the USA, began
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working with leaf concentrate in Latin
America, principally in Bolivia, Mexico and
Nicaragua.
Throughout the 1950s, 1960s and 1970s,
Kohler and Bickoff, at the US Department of
Agriculture in Albany, California, led work on
leaf fractionation aimed primarily at reducing the energy costs of high-temperature crop
drying. They developed the ProXan registered process, which was adopted by BatleyJanss Enterprises, whose leaf concentrate was
shipped in bulk to Japan for incorporation in
poultry feed. This operation shut down in
1973 when increases in oil prices rendered
shipping costs prohibitive.
In parallel, at the University of Wisconsin,
Bruhn, Koegel, Straub and Stahmann investigated the use of leaf concentrate as food in
cooperation with F.H. Shah in Pakistan.
Members of this group formed the NGO ‘Leaf
Nutrient, Inc.’ to provide equipment and
training for village-scale production of leaf
concentrate in villages in the neighbourhood
of the city of Saltillo, Mexico.
In 1982, a United Nations report concluded that leaf concentrate was safe and
nutritious and that sites for its incorporation
into traditional foods should be found (13).
Find Your Feet and Leaf for Life initiated
over 30 projects, the majority of which were at
the lower end of the intermediate scale of production described below. Some of these
projects were set up solely to establish the
nutritional benefits of consuming leaf concentrate; others had a wider aim of developing
economically viable models of leaf concentrate
production and consumption that could be
adapted as needed for use in other locations
with widespread malnutrition. Two projects in
particular indicated the potential for local production of leaf concentrate to be self-sustaining: the relevant aspects of these are described
below under ‘Previous experience of intermediate-scale production’ (pp. 351–352).
Since 1975, France-Luzerne, a group of
French agricultural cooperatives, has been
producing dried leaf concentrate from lucerne
(alfalfa) on an industrial scale (currently 12,000
tonnes per annum) using a development of
the Pro-Xan process. The leaf concentrate is
mainly sold as poultry feed. In the early 1990s,
France-Luzerne adapted its process to make

a human food-grade leaf concentrate; since
1994 it has supplied over 480 tonnes of this to
local NGOs in over a dozen countries via the
French NGO ‘Association pour la Promotion
des Extraits Foliaires en nutrition’ (APEF). This
makes it possible for researchers anywhere to
obtain uniform samples of dried lucerne leaf
concentrate for study, without needing to be
involved in setting up and running their own
small-scale production plant. In this way, the
collection of robust data demonstrating the
effects of leaf concentrate in human nutrition
has been greatly facilitated. At the time of
writing, the cost of food-grade leaf concentrate, ex-works in France, is 1€/kg; thus the
cost ex-works of providing a daily 10 g serving
of leaf concentrate for one year is less than 4€.
In October 2009, the Commission of the
European Communities authorized the sale of
dried lucerne leaf concentrate within the
European Union (14). Currently over 40,000
people worldwide, mainly children, pregnant
and breastfeeding women, the elderly and those
affected by HIV/AIDS, receive a daily serving
of 5 g (young children) to 10 g (older children
and adults) of dried lucerne leaf concentrate.
For over 20 years, Michael Cole has been
operating a small fractionation plant at
Coombe Farm, Cove, Tiverton, Devon, UK
(www.leafcycle.co.uk), developing processing
technology and producing leaf concentrate
from a wide variety of leaves for organoleptic
appraisal and local marketing exercises, selling either direct to the public or through
health-food stores. Among the principal findings of Cole’s work are the following:
•

•

Confirming Pirie’s view that unconventional crops should be investigated (4),
Cole’s preferred crop is the stinging nettle (Urtica dioica L.), a hardy perennial
weed, for its vigorous regrowth and yield
and the taste of its leaf concentrate.
The leaf concentrate is well accepted both
alone (dried and granulated) and in a
novel food, ‘Leafu-Tofu’, a co-precipitate
of leaf and soybean curds (approximately
1:4, dry weight), which is sold vacuumpacked and refrigerated for cold-chain
distribution. Leafu-Tofu is green, with
the texture of tofu, and analysis indicates
that the two curds are complementary as
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•

sources of micronutrients. Funds are
being sought for an in vivo trial.
Comparison of the performance of
small/intermediate-scale (up to 400
kg/h) pulper and press prototypes with
that of one of France-Luzerne’s industrial
units, using the same raw material
(lucerne leaves), indicated that the quality of the prototypes’ leaf concentrate
was even higher. Funds are being sought
to develop these prototypes and increase
capacity to 500 kg of leaf crop per hour.

Leaf Fractionation in a Food-based
Approach to Combating Micronutrient
Deficiencies
Almost all food is derived from the green
leaves of plants. There are always losses when
that food is translocated to other parts of the
plant such as tubers, fruits and seed. The losses
are far greater when the food formed in the
green leaves is fed to animals. When animals
digest the food created by plants, it is upgraded,
resulting in new foods that are generally of a
higher quality for the human diet, but in far
smaller quantities. Thus, simple biology determines that plant-based foods will always be
more plentiful than animal-based foods.
Green leaves, particularly those of legumes, are rich sources of many minerals and
vitamins, and are an integral part of traditional diets in many parts of the world,
including those where malnutrition and
undernutrition are prevalent. Leaf fractionation is a means of improving year-round
human access to most of the nutrients present
in green leaves. At the same time, it removes
most of the anti-nutritional components. In
this way, it is analogous to separating grains
from chaff or peeling a potato (4).
However, in leaf fractionation, all the products are utilized, whereas cereal chaff or potato
peel is typically discarded. The process of fractionation creates three products from the original leaves and consists of mechanically
separating the leaf juice from the leaf fibre, heating the juice to over 90°C and then separating
the resulting green curd – the leaf concentrate –
from the brown whey on which it floats.
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The precise proportions of the three products
will depend on the production method and on
the leaf type, condition and volume but, as a
rough guide, they are by weight:
•
•
•

Leaf concentrate (moist) – 5% (∼50–60%
moisture content).
Whey – 50% (∼93–98% moisture content).
Fibre – 45% (∼50–60% moisture content).

Leaf concentrate is an extremely nutritious
human food. It is approximately 50% (dry
weight) high-quality protein, containing all
essential amino acids, together with numerous
micronutrients, principally b-carotene and
iron. Various anti-nutritional components are
largely removed by the fractionation process.
The fibre, either on its own or mixed with
the whey, is a very effective animal feed: on a
dry-weight basis, the fibre has a nutritional
value roughly equal to, or sometimes better
than, the original leaf crop (15,16). Both the
whey and the fibre are effective fertilizers,
while the whey can also be used as a substrate
for fermentation.
Studies over many years have shown
that a daily serving of 10 g of dried leaf concentrate has proved effective in alleviating
deficiencies in vitamin A and iron (see
‘Review of Evidence’ below, pp. 357–361),
while more recently, in Burkina Faso, communities have found that the incidence of
noma (Cancrum oris, an oral gangrene) has
been eliminated when leaf concentrate is
consumed regularly (17,18). Observations of
medical professionals are also consistent in
noting, in those consuming leaf concentrate,
the following effects (19–23):
•

•
•

A reduction in the incidence of, and
improvement in recovery from, diarrhoea and infections of the skin and
upper respiratory tract, together with, in
many cases, elimination of the need for
associated medication.
Improved post-operative recovery and
healing of wounds.
Rapid improvement in the general
condition of various vulnerable groups,
including

ⴰ pregnant or nursing mothers (increase
in breastmilk and rapid postnatal
recovery);
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ⴰ infants from the start of weaning;
ⴰ severely
malnourished
children,
with anaemia and/or kwashiorkor
and marasmus;
ⴰ sufferers of HIV/AIDS, malaria and
tuberculosis, where the leaf concentrate is used as a nutritional adjunct
to specific treatment; and
ⴰ the elderly.
Fresh, moist leaf concentrate has the consistency of a crumbly cheese and is bright to
dark green in colour; it can be used fresh or
may be preserved, usually by granulating
and drying, after which it is ground to a
flour for use.
Several decades of experience in many
countries have demonstrated that leaf concentrate, fresh or dried, is highly acceptable
and can be easily incorporated into local diets,
in main meals, snack foods and drinks.
Projects have varied significantly in their
level of sophistication, from preparation at
home, through distribution in social programmes to the marketing of retail products.
The emphasis has always been on the importance of good nutrition for childhood and
maternal health. Some examples now follow,
together with aspects that were found to be
important to their success.
As part of its wider programmes of building food security, nutritional education and
child and maternal health, the Nicaraguan
NGO ‘Soynica’ has been using leaf concentrate as a source of home fortification since
1989, initially with leaf concentrate made
from local leaves and, since 1994, with dried
lucerne leaf concentrate supplied by APEF.
As well as providing powdered leaf concentrate for incorporation into families’ normal
diets and organizing ‘community kitchens’ to
help mothers prepare meals with leaf concentrate, Soynica has developed a range of commercial products, including cereal mixes and
teas enhanced with soy and leaf concentrate.
Since the first Soynica/APEF study on 174
children and 15 pregnant women in 1995,
Soynica’s programme has grown to distribute
leaf concentrate to over 22,000 children and
10,000 adults in urban and rural areas.
Since 2002, the French NGO ‘Enfants du
Monde’ (EdM) has been distributing leaf

concentrate in Burkina Faso in a programme
of home fortification. Initially, mothers were
supplied with sachets on a weekly basis, each
sachet containing 10 g of dried lucerne leaf
concentrate, to be mixed into their children’s
normal diet at home, typically millet or sorghum balls. The programme has grown from
a few tens of children in 2002 to over 7000 in
2009, including 5000 children in 52 schools.
The leaf concentrate is delivered to the
schools in bulk and given to children directly
in its powdered form. The children receive
5 g/day for the first two weeks, after which
they are given the full 10 g/day. As noted
above, the programme has resulted in the
elimination of noma (C. oris) when leaf concentrate is regularly consumed (17,18). Its
success has been due to extensive awareness
and education campaigns, the local populations’ recognition of the health benefits of
consuming leaf concentrate and the ease with
which leaf concentrate can be eaten ‘as is’ or
incorporated into traditional foods. EdM
also distributes leaf concentrate to over
7000 children in Madagascar and to nearly
1000 children and pregnant and lactating
women in Senegal.
In hot climates, cold, sweetened drinks
enriched with leaf concentrate are well
received: atole (a thin, drinkable porridge common in much of Latin America) and lemonade
have proved particularly popular. Drinks are
normally easy to prepare, as they only require
the leaf concentrate to be measured out and
stirred in. Experience has shown that drinks
tend not to be regarded by families as ‘meals’,
which is often beneficial for the children
receiving them: even a small amount of solid
food, such as a biscuit given at school or in a
day care centre, may mean that a child receives
less food than usual at home.
In Mexico, the NGO ‘Asociación Franco,
Mexicana, Suiza y Belga de Beneficiencia’ has
worked with local food manufacturers to
develop a range of products – candy bars,
candy powder, atole mix and baby food –
under the trademark ‘Fortiplus’, all containing dried lucerne leaf concentrate. The
products are distributed by a variety of organizations to the children, aged 6 months to
6 years, in their care. The programme has been
running for 8 years and, in 2009, comprised 79
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institutions with 130 establishments in five
states; over 6 million portions have been
served. In 2009, the number of beneficiaries
increased from 15,000 to 25,000.
In several countries in Latin America, small
cooperatives of local women, usually with support from a government agency, church or civic
organization, have made their own leaf concentrate, incorporating it into a range of retail
products. The normal requirements of attractive presentation, packaging, good shelf-life
and value for money apply to foods and
drinks containing leaf concentrate as to most
other products. In addition, the green colour
imparted by the leaf concentrate to some
products may be unfamiliar.
The most successful products have been
pasta, lemonade syrup and churritos (a spicy,
fried, maize-based snack). Snack foods are
often better accepted than foods intended for
primary meals, as people are more adventurous about trying them than integrating a new
staple into the traditional diet at home. Snack
foods also appeal more to the young, are
identified with fun, and are usually sold in
small units, all of which encourage people
to try them. In addition, leaf concentrateenriched pasta has been well received, particularly by those familiar with green pasta
commonly found in developed countries.
One of the advantages of leaf fractionation is that it can be undertaken on a range of
scales (domestic and intermediate, as described
further below); some important differences
between the scales are now highlighted, as
they are fundamental to the understanding of
the different ways in which leaf fractionation
can play its part in a food-based approach to
combating micronutrient deficiencies.
At the domestic or small group level,
leaves can be fractionated using equipment
commonly found in the kitchen and can be
integrated with other activities. Domestic
leaf concentrate is typically consumed fresh,
which simplifies production and eases
incorporation into local diets. The quantities
of leaf used are small – 2 kg of leaves per day
will provide enough leaf concentrate for a
family of four – and hence they can often be
obtained from a home garden or even collected from the wild. The fibre and the whey
will normally be used within the family or
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group setting to fertilize a home garden or
provide fodder for domestic animals. In this
way, domestic leaf fractionation may be
undertaken almost entirely outside the cash
economy, a feature that reinforces community
resilience in times of hardship.
In certain circumstances, increasing the
scale of leaf fractionation may be the preferred
option. In this chapter we refer to this as intermediate-scale production, or ISP. ISP aims to
realize the full economic value of all the products of leaf fractionation in order to provide
sustainable production. ISP leaf concentrate is
dried, which facilitates storage and transport
from production sites to areas of need, which
may include neighbouring communities. ISP’s
benefits of improved efficiency will outweigh
the demands of increased complexity.
Where local conditions, be they climatic,
agronomic, social or economic, do not permit
the production of leaf concentrate, for example in emergency or disaster situations or in
arid areas, imported leaf concentrate from the
existing industrial units in France can provide
an essential source of various micronutrients
to a human population in need. It can also
provide a source pending the establishment
of a local leaf fractionation capability.

Nutritional Qualities of Leaf
Concentrate
This section summarizes the most important
nutritional constituents of leaf concentrate
and describes some aspects that make it particularly effective in combating micronutrient
deficiency malnutrition, including that of
those affected by HIV/AIDS. Evidence for
the effectiveness of leaf concentrate in combating micronutrient deficiencies is extensive (see ‘Review of the Evidence’ for more
details, pp. 357–361).
The three deficiencies that are considered
to be of greatest global public health significance are those of vitamin A, iron and iodine
(24). As shown in Tables 18.1 to 18.4, leaf
concentrate is rich in the first two of these –
b-carotene (provitamin A) and iron – while
also containing a high-quality protein and
many other micronutrients. The iodination of
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Table 18.1. Dried lucerne leaf concentrate:
general composition and comparison with whole
milk powder (Adapted from Bertin (25).)
Mean composition (%)
Leaf
concentrate

Whole milk
powder

8
50.8
10.2
4.7
3.5
10.6
2.5

3
26
26
0.9
0.2
8
–

Water
Protein
Lipids
PUFA
w-3 PUFA
Minerals
Fibre

PUFA, polyunsaturated fatty acids.

salt is a widely used, cheap and effective solution to the third.
The consumption of whole foods, such
as fruit and vegetables, appears to have
greater beneficial effects than taking dietary
supplements containing isolated vitamins
or minerals (27). Studies with leaf concentrate, a food that similarly combines a wide
range of nutrients and micronutrients, support these observations, particularly with
regard to the absorption of iron to alleviate
iron-deficiency anaemia. For example, a
recently published trial (28) found that ‘daily

servings of leaf concentrate, containing
5 mg iron and 13 mg folic acid, are as effective as daily supplements containing 60 mg
iron and 500 mg folic acid for treating anaemia in adolescent girls. Similar improvements in the blood parameters of the
participants were seen in both arms of the
trial, suggesting that the lower iron content
of leaf concentrate may be offset by better
bioavailability of iron in leaf concentrate
and/or synergistic effects of other components of leaf concentrate’.
Infection with HIV increases a person’s
nutritional needs to fight infection, rebuild
muscle tissue and gain or at least maintain
weight. These needs increase as the HIV/
AIDS symptoms develop. However, for
various reasons, such as reduction in appetite, digestive system problems and lack of
income, the food intake and absorption of
nutrients of those affected with HIV declines.
All these factors increase preference for a
concentrated food containing proteins (for
rebuilding muscle tissue), vitamins and
minerals (to support the immune system)
and carbohydrates and fats (for energy).
Several small trials with lucerne leaf concentrate have shown favourable early results
(e.g. in Burundi (29) and Cameroon (APEF,
2007, internal document)) and support field
observations elsewhere (18,19).

Table 18.2. Dried lucerne leaf concentrate: essential amino acid composition and comparison with other
foods. (Adapted from Bertin (25).)
Essential amino acid
(g/100 g food)
Valine
Leucine
Isoleucine
Methionine
Cysteine
Tryptophan
Threonine
Lysine
Histidine
Phenylalanine
Tyrosine
Methionine + cysteine
Phenylalanine + tyrosine
Total essential amino acid content
% Moisture

Leaf
concentrate

Eggs

Whole
milk

Beef
(steak)

Chicken

Cooked
rice

3.1
4.7
2.6
1.0
0.5
1.2
2.4
3.1
1.2
3.0
2.2
1.5
5.2
25.0
8.0

0.8
1.1
0.7
0.4
0.6
0.2
0.6
0.9
0.3
0.7
0.5
0.7
1.2
6.8
74.0

0.2
0.3
0.2
0.1
0.0
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.3
1.5
88.0

1.6
2.6
1.5
0.8
0.8
0.2
1.3
2.7
1.0
1.3
1.0
1.3
2.3
14.8
56.0

1.3
2.0
1.4
0.7
0.7
0.3
1.1
2.3
0.8
1.1
0.9
1.1
2.0
12.6
65.0

0.2
0.2
0.1
0.1
0.1
0.0
0.1
0.1
0.1
0.1
0.1
0.1
0.2
1.2
23.0
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Table 18.3. Dried lucerne leaf concentrate: principal vitamin content and contribution to
children’s Recommended Nutrient Intake (RNI). (Adapted from Bertin (25).)

Vitamin
A (b-carotene)a,b
B1 (thiamin)b
B2 (riboflavin)b
B3 (niacin)b
B5 (pantothenate)
B6
B8
B9 (folate)b
B12b
Cb,c
D
Eb
K

Mean content per 10 g

% of RNI for child aged
4–6 years (26)

767 μg RE
0.022 mg
0.044 mg
0.042 mg
∼0 mg
0.58 mg
1.5 μg
13.4 μg
0.21 μg
6 mg
∼0 μg
9.9 mg
0.08 mg

170
4
7
1
0
97
–
7
18
20
0
198
400

a
Because vitamin A is supplied in the form of β-carotene, there is no risk of an excess of vitamin A; 1000 μg
of β-carotene = 167 μg retinol equivalents (RE).
b
Identified as important vitamins and minerals for people living with HIV/AIDS (3).
c
Vitamin C is added by France-Luzerne during the production of leaf concentrate at a concentration
of 60 mg/100 g leaf concentrate.

Table 18.4. Dried lucerne leaf concentrate: principal mineral and trace element content and
contribution to children’s Recommended Nutrient Intake (RNI). (Adapted from Bertin (25).)

Mineral/trace element
Calciuma
Magnesiuma
Phosphorus
Potassium
Sodium
Copper
Seleniuma
Iodinea
Irona
Zinca

Mean content per 10 g (25)

% of RNI for child aged
4–6 years (26)

338 mg
14.8 mg
79.1 mg
80.1 mg
1 mg
0.076 mg
0.5 μg
3 μg
5.4 mg
0.2 mg

56
20
–
–
–
2
3
135b
6c

a

Identified as important vitamins and minerals for people living with HIV/AIDS (3).
At 15% bioavailability.
c
High bioavailability.
b

While retaining the greater part of many
of the nutritional components of the original
leaf, the process of making leaf concentrate
also largely removes many anti-nutritional
elements. Their residues in leaf concentrates,
such as phytates, saponins, l-canavanine and
phyto-oestrogens, including coumestrol, are
present in concentrations that are insignificant owing to the small quantities of leaf concentrate consumed (25).

Tables 18.1 to 18.4 summarize the principal nutritional components of leaf concentrate, based on routine analyses of lucerne
leaf concentrate produced industrially in
France. In Tables 18.3 and 18.4, values for
selected nutrients are compared with recommended daily intakes for children (26) as
indicated and those vitamins and minerals
identified as important for people living with
HIV/AIDS are highlighted (3).
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Domestic-scale Leaf Concentrate
Production
This section describes the production and use
of leaf concentrate within a family, a small
group of families or a small institution such
as a school. Although at the upper end (in
quantity of leaf crop processed per day) there
may be some overlap in machinery with the
intermediate-scale production described in
the next section (pp. 349–357), it should be
noted that small group production in this
context is quite separate: in general, all of the
products – the leaf concentrate, fibre and
whey – would be utilized by the group of
families, or organization, producing them; if
any income could be generated through the
sale of any of the products, this would be a
bonus, rather than a primary objective.
Long-term solutions to malnutrition
require local control of a diverse food supply.
While it may be reasonable to import some
occasional luxury items, dependence on
importing basic daily foods makes a community inherently vulnerable.
The production of leaf concentrate
through domestic-scale leaf fractionation
offers a simple and inexpensive means of
upgrading the nutrient availability from
green leaves for individual families or small
groups of families, thereby improving their
ability to control their own nutrition. It
improves self-reliance for those on a low
income and, in situations of unemployment
and underemployment, enables a family to
make economic use of available labour outside the cash economy as it can be easily
integrated with other activities. In addition,
the cultivation of leaf crops for fractionation,
particularly leguminous crops, can enhance
the productivity of available land, while
reducing the need for, and therefore the
cost of, chemical fertilizers, herbicides and
pesticides.
Production can be scaled according to
need, so that there is no need to store excess
leaf concentrate that is not to be consumed
the same day, although leaf concentrate can
be readily incorporated into a wide variety
of dishes for later use. In addition, the quantities of fibre and whey are small and can
generally be used (for feeding and watering

domestic animals) by the family producing
the leaf concentrate.
Crop selection, management
and harvesting
Two kilograms of leaf will produce about
100 g of fresh, moist leaf concentrate, which is
sufficient to provide significant insurance
against most micronutrient shortfalls for a
family of four. This quantity of leaf can be
obtained in various ways, for example from a
home-garden, by children weeding a cornfield (e.g. pigweed (Amaranthus retroflexus) or
lambsquarters/Fat Hen (Chenopodium album)),
or it can be acquired from a market as fresh
forage crop (e.g. lucerne).
To have fresh leaf concentrate daily over
the course of an eight-month growing season, a family of four would therefore need
to obtain a total of about 500 kg of fresh
leaves. Although the yields of leaf crops vary
greatly with climate, soil, variety, planting
density and cultivation techniques, there are
several crops that can produce over 50 tonnes
of fresh leaf per hectare, and some that can
produce more than double that (e.g. amaranth or lucerne). This means the entire leaf
crop needed for the year could be raised on
less than 100 m2 of land. Some of the best
crops for leaf concentrate production are
listed in Box 18.1.
The first five plants listed in Box 18.1 are
legumes capable of both high leaf yields and

Box 18.1. Preferred crops for leaf
fractionation.

• Medicago sativa (lucerne or alfalfa)
•
•
•
•
•
•
•
•
•
•
•

Vigna unguiculata (cowpea)
Trifolium alexandrium (berseem clover)
Lablab purpureus (lablab or hyacinth bean)
Clitoria ternatea (butterfly or Kordofan pea)
Brassica oleracea (collards or kale)
Brassica juncea (mustard)
Beta vulgaris var. cicla (Swiss chard)
Atriplex hortensis (orach, mountain spinach)
Triticum×aestivum (wheat)
Hordeum vulgare L. (barley)
Amaranthus tricolor (amaranth)
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good fixation of atmospheric nitrogen; the
latter helps to reduce the need for artificial
fertilizer.
Leguminous leaf crops also lend themselves to intercropping. For example, cowpeas
or lablab beans can be grown in between
rows of maize, sorghum, millet, cassava, yams
or bananas, helping to reduce the growth of
weeds.
Intercropping is, moreover, mutually
beneficial: two hectares of maize and cowpeas
intercropped will usually produce about 30%
more than one hectare of maize and one hectare of cowpeas. Three hundred square metres
of maize, cassava or bananas intercropped
with cowpeas could reasonably produce
enough cowpea foliage for a family’s leaf concentrate, without competing with the other
crops. Furthermore, cowpea leaves can be
harvested at least once without significantly
affecting the yield of beans.
In addition to intercropping, fast-growing
crops for leaf concentrate can be grown before
or after a grain crop. Cowpeas, lablabs, bell
beans, field peas and butterfly peas are well
suited because they fix enough nitrogen to benefit the crop that follows or to replace the nitrogen used by the grain crop. In this way, the
entire growing season can be economically utilized. Some non-leguminous leaf crops such as
amaranth are enormously productive (up to
170 tonnes of leaf per hectare per annum under
intensive cultivation) and ready for a first harvest in less than 30 days. Lucerne and perennial
clovers do well as an undercrop in fruit or nut
orchards. The multiple uses for many of the best
leaf concentrate crops provide the small grower
or part-time farmer with much flexibility.

Preparation of fresh leaf concentrate
The preparation of leaf concentrate in the
home is straightforward. Domestic production can be integrated with other activities:
for example, a mother grinding leaves for her
family can simultaneously watch over her
children and can cook beans with the same
fire that heats the leaf juice.
The steps are described in Box 18.2, based
on information taken from ‘The Domestic
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Method of Making Leaf Concentrate’, a guide
produced by the Nicaraguan NGO Soynica
(30). As with most food processing, quality
control throughout is critical to acceptance –
burning of the curd, spoilage of leaves or
curd, and inadequate pressing of the whey
can all lead to leaf concentrate with unacceptable flavour.

Consumption and storage
of leaf concentrate
Although dried leaf concentrate can be stored
for 6 months or more if it is kept in an airtight
container and out of the light, a significant
advantage of domestic-scale production is
that all of the product can be used fresh. This
greatly simplifies packaging and storage, as
well as eliminating the steps involved in preserving the leaf concentrate.
Food and drink preferences vary enormously between and within cultures, countries and communities. In many parts of the
world, the consumption of leaves that are
suitable for fractionation is already part of the
traditional diet. For example, cowpea leaves
are used as a potherb vegetable in many parts
of Africa and southern Asia, while the Sri
Lankan dish kola kanda is made by pounding
leaves and coconut in a mortar, squeezing out
the juice and adding it to boiled rice.
Fresh leaf concentrate is best used the
same day it is made or the next day, unless it
can be refrigerated, in which case it may last
up to a week. It disperses more readily in
liquids than its dried alternative and can be
easily added to soups, stews and porridges
or be incorporated into a variety of sweets
and other dishes. One of the most popular
options, which is also a good method of preserving the fresh leaf concentrate, is to add
it to a syrup of lemon juice and sugar. This
has the advantage for those suffering from
anaemia of supplying vitamin C, which significantly improves absorption of the iron
from the leaf concentrate. Also easy to make
and with a good shelf-life is pasta: at flour
to leaf concentrate ratios of 10:1 (dried) or
4:1 (fresh), a 100 g serving of pasta will
provide the recommended daily portion of
leaf concentrate. Box 18.3 contains a list of
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Box 18.2. Domestic-scale leaf fractionation: production steps. (Adapted from Soynica (30).)
1. Gather the leaves: use very young leaves, before, or just after, the plant starts flowering. Choose tender
leaves, rejecting any that are tough or dry. Immediately after harvest start the following steps.
2. Wash the leaves in clean water to remove mud or dust and foreign objects.
3. Sorting: strip away any tough stalks by hand or with a knife. Shred the leaf blades to make pulping
easier.
4. Pulping: this is the most difficult part but very important to ensure a good yield of leaf concentrate; if
the leaf cells are not thoroughly ruptured, yields of leaf juice and consequently leaf concentrate will be
adversely affected. A manual meat mincer is suitable, as is a pestle and mortar. If electricity is available,
a kitchen mixer or an electric grinder makes the process easier. A little extra water may be needed to help
leach out the protein, but often the residual water left on the leaves after washing is enough. Added water
increases the cooking fuel required to bring the juice to boiling point.
5. Pressing: wrap the pulped leaves in a previously moistened, open-weave cloth and use convenient
objects – stones or boards – to press the pouch as well as possible, catching the green leaf juice in
a suitable vessel. It is important to keep the layer of pulp thin: if the initial layer of pulp is more
than 2–3 cm thick, some of the protein molecules will be trapped in the tightly compacted fibre,
thus reducing the yield and quality of the leaf concentrate. Pressing the fibre should take no more
than 5 min.
6. Heating: heat the green juice quickly while stirring to prevent it from sticking; slow heating can damage
the nutritive value, but burning the curd may adversely affect its taste. Coagulation occurs from 45 to 75°C
but it is essential to go on heating just to boiling point to achieve:
• the virtual elimination of bacteria;
• the minimization of undesirable components, and
• improvement of the texture of the curd, facilitating filtration.
7. Filtration: filter the hot juice through a previously wetted, tightly woven cloth, such as denim or twill,
to separate the green curd from the whey.
8. Pressing: when pressing the curd, pressure should be applied more gradually than when pressing the
fibre, and for longer, if necessary overnight. Remove as much whey as possible: what stays in the cloth is
moist green leaf concentrate, ready to eat. When it has been adequately squeezed it will peel cleanly from
the cloth and will have the consistency of a crumbly cake.

25 recipes tested for their acceptability in
several countries. Full details are given
elsewhere (6).
Fresh leaf concentrate can also be preserved by pickling or drying, for example
with a simple solar dryer with good airflow.
It dries faster and more evenly if it is granulated first, for example by rubbing it through
a screen. The leaf concentrate must be kept
out of direct sunlight and the maximum drying temperature is about 55°C.

•
•
•

The fibre has two principal uses: as animal
feed and as green manure.
•

Use of fibre and whey
One of the advantages of leaf concentrate
production is that there should be no waste:
the whole above-ground plant is used. As a
general guide, taking into account some water
added for cleaning and processing, 2 kg of
leaf will produce:

Leaf concentrate (moist) – 0.1 kg (∼50–60%
water content).
Whey – 1 litre (∼93–98% water content).
Fibre – 1 kg (∼50–60% water content).

•

Cattle, horses, sheep, goats, rabbits and
guinea pigs have all been successfully
raised using the fibre as a primary or
secondary feed. Some care must be exercised, however. For example, residual
fibre from lucerne is likely to have too
much calcium to be a good choice for
feeding rabbits more than 6 months old.
The manure that is produced by animals
eating the fibre can also be used to
enrich soil.
Research in India has shown that
yields of wheat were greatly increased
when it was sown 30–40 days after a
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Box 18.3. Recipes for foods containing leaf concentrate.
Recipe
Leaf concentrate syrup
Lemonade concentrate syrup
Pasta
Soup nuggets
Atole
Porridge
Soymilk shake
Frozen banana/milk snack
Laddu
Tortillas (corn/wheat flatbread)
Tamales
Uchepos
Kola kanda
Curried potato soup
Lemon trail bars
Barfi
Leaf concentrate rice
Tikki
Tamarind jelly
Green salsa
Churritos
Potato/carrot pancakes
Swedish vegetarian meatballs
Leaf burger
Vegan leaf burger

green manure crop of Sesbania sesban or
Crotalaria juncea had been fractionated
before its fibre was tilled in (31).
Other potential uses for leaf concentrate fibre
include making biogas for cooking (the slurry
remaining from making biogas also improves
soil fertility) and enriching the soil through
improving soil structure and the availability
of soil minerals.
The whey is also a very useful by-product.
It can be re-mixed with the fibre prior to use
as animal feed, or used diluted with water
as a garden fertilizer, as it contains enough
nitrogen and potassium to be effective in this
capacity.

From domestic to small group production
Single-family production can readily be extended to a small group of families: for example,
five or six families could rotate responsibility
for making the leaf concentrate. On the next

Main country/area of consumption (if applicable)

Latin America

India
Latin America
Latin America
Mexico
Sri Lanka

India
India
India
Nicaragua
Mexico
Latin America
Mexico

level, a school, church, orphanage or social club
could make leaf concentrate for up to 100 children with a modest investment in equipment.
This would require processing about 40 kg of
fresh leaf daily, for which a manual meat
grinder driven by a small geared-down electric
motor would be suitable. Box 18.4 contains a
sample of small-scale leaf processing equipment, together with country of use.
It is important to note that processing
more than 10–20 kg of leaf crop per day will
normally require some form of non-manual
power, and also to emphasize the importance
of reliable, efficient machinery (32).

Intermediate-scale Leaf Concentrate
Production
Introduction
This section addresses the production of
leaf concentrate on an ‘intermediate’ scale,
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Box 18.4. Examples of domestic-scale leaf processing equipment.

Description
Pedal-powered
combined screw
pulper and press

Capacity
(kg leaves/h)

Countries of
use

15–20

India
Sri Lanka

Mechanized
Up to 100
combined pulper
and press

Electric-powered
100
blender: scaledup version of
domestic blender
with 20-litre
vessel and
0.74 kW
electric motor
Vertical-axis
>150
rotational pulper
(‘impact
macerator’)

Function

Advantages

Disadvantages

Pulping and Continuous
Requires human
pressing
operation;
power so can
leaves
human-powered;
be tiring
combines pulping
and pressing
Bangladesh Pulping and Continuous
Can be noisy;
Ghana
pressing
operation;
requires
leaves
powered by
non-human
electric motor
power
or internal
combustion
engine; combines
pulping and
pressing
Mexico
Pulping
Effective pulper;
Requires water to
Nicaragua
leaves
easy
be added
to manufacture
to vessel;
and use
requires
electric power;
seals on motor
can leak; batch
operation
Mexico
Pulping
Effective pulper;
Can be noisy
leaves
easy to
manufacture and
use; continuous
operation

i.e. larger than the domestic operation discussed in the previous section, but much
smaller than the existing industrial scale in
France.
While domestic production operates
mostly outside the cash economy, ISP
functions mostly within it. Raw materials
are bought, and production sold, in order
to balance its budget and be sustainable.
The philosophy underlying ISP is that
its size and nature can adapt to the needs of
the communities that it is serving. The correct scaling of leaf concentrate production
between domestic and larger systems is a
crucial consideration in terms of feasibility
and sustainability. An appropriately scaled
project is more likely to achieve synergies
with existing socio-economic activities. It
limits wastage, secures in-kind benefits

and/or recycles cash benefits in the local
economy. It offers some independence from
fluctuations in markets for food supplies,
livestock feeds and soil fertilizers, and contributes to community social stability and
security.
Where circumstances are favourable,
it is possible to achieve higher productivity with larger schemes which require and
benefit from greater complexity. In such
circumstances, production can probably
exceed local needs and any surplus thus
becomes available for neighbouring
communities.
The optimal ISP size will vary with the
context. Daily processing capacity can range
from 300 kg of leaves for a village of 600
people to 30 tonnes for a region with a
population of 60,000; feasibility tends to be
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limited upwards by the number of livestock
that can reasonably be concentrated in one
place (for organizational and ecological considerations) and downwards by the minimum productivity required to balance
capital investment and labour.
ISP can develop synergies with existing
food systems in the following areas:
•
•
•
•
•
•

Improving human nutrition.
Maximizing productivity of available
land.
Improving, conserving and fertilizing
the soil.
Improving livestock feed.
Providing employment opportunities for
local people.
Contributing to ecological sustainability.

The following subsections describe the key
elements of ISP; then a case study of an ISP
scheme is presented, illustrating the combination of learning from both smaller- and
larger-scale production.

Fundamentals of intermediate-scale
production
The fundamentals of ISP are derived from the
experience of many, mostly village-scale,
projects in Africa, Asia and Latin America,
combined with learning from over 35 years’
continuous industrial production of leaf concentrate in France.

Previous experience of intermediate-scale
production
Village-scale ISP has been the subject of over
20 studies of various durations, mainly run
by the NGOs Find Your Feet and Leaf for
Life, in partnership with local organizations
in Africa, Bangladesh, India, Latin America
and Sri Lanka. Together they have provided
a large amount of information regarding
crop selection and management, machinery,
organization and logistics and the development of markets in different cultural environments. Two of these projects are now
described briefly.
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1. Kpone Bawaleshie, Ghana. In the early
1980s, a cooperative operated in Kpone
Bawaleshie, near Accra, Ghana, producing
leaf concentrate, silage and potable alcohol
from a variety of local leaves (33). The
leaves were collected by villagers, either
from their cultivated plots or the wild, and
paid for in cash, thus offering a source of
income even for those without the time or
ability to grow suitable crops. The leaf concentrate, fresh or preserved moist with salt,
was sold within the village and incorporated into the mid-day meals of pre-school
children. The silage and alcohol were sold
outside the community to provide a net
financial income. A preliminary economic
assessment indicated that the operation
was potentially viable, even though
income from the sale of silage had not, at
that stage, been calculated: leaf concentrate
could be sold at a price that would cover
the direct purchase of the leaves, while
the sale of the alcohol just exceeded all
other costs, to provide a net profit of just
over 6%.
2. Bidkin, India. The project at Bidkin, near
Aurangabad, India, which ran in the late
1970s and early 1980s, carefully examined
the economics of leaf concentrate production using equipment handling up to 150 kg
of fresh lucerne per hour (34,35). The study
concluded that it would be viable at a
processing capacity of 500 kg/h. The leaf
concentrate was sold in enriched wheat
flour and in a milk replacement formula for
calves, while the fibre, after mixing with
some of the whey, was fed fresh to local cattle, ensiled, or incorporated into a dry cattle
fodder mix. The proposal was to extend the
operation to provide local farmers with an
alternative to growing sugarcane or bananas,
the most profitable local cash crops. For the
farmers, a significant advantage of growing
lucerne was that it provided cash flow: they
received income each time it was harvested,
on average every 3 weeks, rather than only
after a year, as was the case with the other
crops, thus reducing their need to borrow
money. However, suitable machinery for
processing leaves at this rate was not available at the time, and the funds could not be
found to develop it.
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Over the past 15 years, there have been developments in machinery that would make such
a study feasible. A vertical-axis rotational
pulper has been developed in the USA and
was successfully used for 8 years by a
cooperative of women in Zacapu, Mexico
(D. Kennedy, 2007, report from Leaf for Life
to APEF). The most recent prototype combines a development in the UK of this pulper
with a new design of screw press, which has
performed well up to a level of approximately
400 kg of fresh leaf crop per hour (see ‘Brief
History’ above, p. 341). While facilitating studies such as that proposed by the Bidkin
researchers into higher production rates, more
efficient processing is likely to make leaf fractionation sustainable at lower levels as well.
Industrial production of leaf concentrate
France-Luzerne’s current units are capable
of processing up to 150 tonnes of freshly cut
lucerne per hour to produce high-quality
dried cattle feed – made from de-watered
leaf fibre mixed with concentrated whey –
and a dried, granulated leaf concentrate, for
use in poultry diets and (since 1994) human
nutrition. The processing machinery is custom-designed and the operation is fully
integrated with the surrounding agricultural economy, involving thousands of
hectares of nearby fields dedicated to the
cultivation of lucerne and thousands of
beef and dairy cattle in other regions
and abroad.
The considerable volumes produced by
the very large industrial plants necessitate
the dehydration of press-cake and whey at
high cost before their transportation to distant livestock-raising areas, which is a concern in terms of both rising energy costs
and ecological impact. One distinctive feature of ISP is the absence of the hightemperature drying of the leaf concentrate’s
by-products. Instead, they are mainly mixed
together and fed immediately as the main
component of the diet to a local herd of
cattle (or other herbivores). Some of the byproducts will be conserved in the cheapest
possible way for use out of season.
Depending on climate, they will be sundried or ensiled.

Key elements of sustainable intermediate-scale
production
Although the industrial scale of operation
is substantially larger than any envisaged
within ISP, there are important principles
underlying its continued success – and
therefore sustainability – that apply to ISP.
Experience of both village-level ISP and
industrial production has identified the principal requirements and benefits of ISP as
described below.
REQUIREMENTS
Crop specialization and intensification. Different leaves have different
processing qualities, so the selection of a single crop allows the pulping and pressing
equipment to be designed to work optimally
with one type of leaf. In addition, whether
the crop is grown within an integrated operation or provided by external suppliers, a
single crop type makes harvesting easier to
plan and undertake. Lucerne, a crop particularly suited to leaf concentrate production,
also has wider agricultural benefits, which
are discussed below. In addition, the nutritional qualities of lucerne leaf concentrate
have been extensively demonstrated (see
‘Nutritional Qualities of Leaf Concentrate’
(pp. 343–345) and ‘Review of Evidence’
(pp. 357–361)). For these reasons, it is recommended as a starting crop, where suitable,
for any new ISP; with experience, other crops
better adapted to specific soils and climates
will offer further opportunities.
Coordination of harvesting and production
schedules. Harvesting needs to be planned
in order to: (i) maximize the time that the
production plant is operational; and
(ii) ensure that the leaves are at the optimum state of maturity to maximize both
the yields of leaf concentrate and the quality of the fibre.
Integration of livestock. The direct feeding
of livestock incorporated into an ISP scheme
is essential to accommodate any mismatch
between harvesting schedules and production unit operation.

•

Some of the fibre will routinely be conserved for the off-season as sun-dried
‘hay’ or, mixed with some of the whey, as
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•

silage; integrating cattle into the scheme
allows this quantity to be adjusted to
herd size, crop production and relative
length of wet and dry seasons.
When the volume of crop ready for harvesting exceeds the plant’s processing
capacity, e.g. during the first cut or after
rains, the surplus can still be harvested in
peak condition but ‘bypass’ the extraction plant and be sun-dried or ensiled.

Appropriate processing technology. Typically, larger-scale production is more efficient
but also carries higher capital cost. ISP covers
a wide range of processing capacities, and
different machinery is appropriate at different levels. The case study reported below
utilizes technology developed from both
village and industrial levels.
Creation/establishment of markets for all
products. Experience at both village and industrial levels has shown that realizing the economic value of all the products – the leaf
concentrate, fibre and whey – by developing
markets for them, preferably in the project
area, is a prerequisite for the sustainable
establishment of ISP, so a scheme can only be
realistically considered in areas acquainted
with the raising of livestock. Some examples
of successful marketing approaches and
products are provided above (see ‘Leaf
Fractionation in a Food-based Approach’
(pp. 342–343) and ‘Previous experience of
intermediate-scale production’ (pp. 351–352)).
In Mali, women’s groups are also incorporating leaf concentrate into fruit pastes. Local
government support and funding are likely
to be required to help develop these markets.
Improvement in human nutrition.
The nutritional qualities of leaf concentrate
have been discussed above (‘Nutritional
Qualities of Leaf Concentrate’, pp. 343–345)
while the evidence for its effectiveness is
presented below (‘Review of Evidence’,
pp. 357–361). The dried leaf concentrate produced in ISP stores well and is neither bulky
nor heavy, easing transport to areas in need. It
can be consumed either on its own or incorporated into a wide range of snacks, meals and
drinks (see ‘Consumption and Storage of Leaf
Concentrate’, pp. 347–348). In this way, ISP
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provides an additional option at an affordable
price for sourcing proteins, phytochemicals,
vitamins and minerals where the capacity of a
community to produce this variety in its food
may be challenged by climatic, economic,
social or other disorders (33).
Maximizing productivity of available land.
Two factors contribute to maximizing the productivity of available land:
•

•

Because leaf fractionation of a forage crop
produces more protein per hectare than
any other use of the land, ISP reduces the
area required for production of protein
sources and thus releases arable land for
the cultivation of staple foods (4–6).
Extensive experience with lucerne in
many countries has shown that it is particularly suited to leaf concentrate production in a variety of climates. It is
high-yielding, typically producing over
50 tonnes of fresh leaf per hectare in six
harvests in an 8-month growing season;
under certain conditions, for example
those described by Joshi et al. (34) near
Bidkin, India, annual yields can be as
high as 160 tonnes in 15 cuts, if irrigation
allows cultivation throughout the year.

However, the opportunity cost of implementing an ISP in a zone experiencing competition with other food crops should also be
considered (see Bidkin project under
‘Previous experience of intermediate-scale
production’, pp. 351–352).
Soil improvement, conservation and
fertilization. Lucerne brings the following
additional agricultural benefits (some are
shared by other legumes):

BENEFITS

•

Year-round soil cover and a strong root
system help prevent leaching and loss of
topsoil, thus improving soil structure,
favouring organic activity and encouraging biodiversity. Through reducing soil
erosion, lucerne also helps to prevent
downstream irrigation canals and
streams from silting up. This protection
against erosion extends to intercropping
periods when techniques such as direct
seeding or seeding under vegetal cover
may be employed.
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As a legume, lucerne fixes atmospheric
nitrogen in its root nodules, thus reducing its need for artificial fertilizer. This
also benefits subsequent non-leguminous
crops, as lucerne roots can take up to
18 months to degrade. Moreover, lucerne
will preferentially use soil nitrogen when
it is in excess, thus helping to regulate
the soil nitrate level and protect groundwater from leaching.
Lucerne is drought-resistant, thanks to
its long roots, and hence well suited to
surviving the dry season, although it is
not suited to arid conditions, requiring
approximately 50 mm of water per tonne
of leaf.

However, lucerne is not suited to acidic soils:
if the soil pH is 6.5 or less, it will need to be
adjusted, for example by addition of lime or
dolomite.
Improvement in livestock nutrition. Limited
availability of cattle fodder is the norm in
many countries in the dry season. An inadequate diet significantly reduces, and may
terminate, milk production with serious economic consequences for rural families, as this
activity represents one of their few cashraising opportunities. The implementation of
ISP contributes to solving that problem as
follows:
•

•

On a dry-matter, weight-for-weight
basis, the fibre and whey, when mixed,
have nutritional characteristics similar
to (or sometimes better than) those of
the original forage (15,16). The fibre
alone, with moisture content lower than
that of the original leaf crop, is more
amenable to sun-drying for use as hay
or may be ensiled with minimal losses,
using some of the whey to ensure anaerobic conditions and add water-soluble
carbohydrates, thus enhancing the
silage.
Where the weather is too damp for sundrying during the growing season, ensiling is a highly valuable option, both for
fibre and for any surplus unextracted
crop, preferably in combination with
other crops such as whole maize or residues such as bagasse and straw (6).

•

Some of the whey can be used to water
livestock.

In some areas, livestock security problems can
restrict extensive grazing, thus exacerbating
the feeding problem by increasing the concentration of cattle. ISP is consistent with penning,
which also facilitates the recovery of manure
for use as fertilizer (after composting).
Provision of employment opportunities. Any
ISP scheme will require management and
labour for production. In addition, marketing
and sales will be necessary for the operation
to establish itself. These will all depend on the
scale of the ISP scheme. The case study in the
next section, for example, would provide
employment for seven people, just on the production side. In certain circumstances, labourintensive methods of harvesting may be
appropriate, which would offer substantial
employment opportunities for most of the year.
Ecological sustainability. The direct agricultural benefits of the nitrogen-fixing properties of lucerne, and legumes in general,
are mentioned above. The cultivation of
forage crops for leaf fractionation has further advantages (4):
•

•

Regular harvesting, typically at intervals
of between 3 and 6 weeks, reduces the
time available for pest communities to
become established, thereby almost eliminating the need for pesticides.
As mentioned above (see ‘Crop selection,
management and harvesting, p. 347), the
dense leaf cover of forage crops helps to
prevent the growth of weeds, thus reducing the need for herbicides.

Apart from the cost savings already mentioned, the diminution in the use of chemically
produced fertilizers, herbicides and pesticides
induces wider ecological benefits, such as the
protection of groundwater from chemicals
and the lessening of atmospheric carbon. The
Rodale Institute, which has been carrying out
a continuous comparison of organic and conventional agricultural methods for more than
23 years in the USA, has found that legume
and manure-based approaches (36):
•

Emit one-third fewer greenhouse gases
than conventional methods (use of
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•

chemical fertilizer and pesticide applications) by eliminating the energy inputs
required to produce pesticides and
fertilizers.
Remove atmospheric carbon in a way
that conventional methods do not, sequestering up to 4000 kg CO2/ha in the soil
per annum.

Nitrous oxide, a gas released by the application of nitrogen fertilizers, is another greenhouse gas contributing to global warming
that is not produced by the cultivation of
lucerne or other legumes.

Intermediate-scale production:
case study
This section presents a case study of what a
particular ISP scheme might look like in practice. It has been chosen to illustrate the use of
equipment developed from both smaller and
larger leaf concentrate production units, as
the pulper is a development of the latest village-scale design while all other components
are miniaturizations of the France-Luzerne
industrial technology. The selected scheme
benefits from the continuous production of
the industrial operations and is based on a
unit capable of processing up to 2 tonnes of
fresh lucerne per hour, producing approximately 500 kg of dried leaf concentrate daily,
for an expected 240 working days per year.
This would provide enough leaf concentrate
for 47,000 children, at an average of 7 g/day.
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This level of production is presently considered to be the smallest at which the improved
efficiency of the industrially based equipment
would outweigh its extra complexity and
greater capital cost.
The production steps are described in
Box 18.5 and shown schematically in Fig. 18.1.
Box 18.6 presents the production potential of
such a unit. In tropical or subtropical latitudes,
where harvesting might be possible for 8
months per year, there is a realistic maximum
of about 3500 hours of production per year,
given ideal conditions. This would involve
harvesting during daylight for 12 hours in
two shifts, with an additional 2.5 hours of
processing a 5-tonne stockpile of leaves at the
end of the day.
The establishment of a scheme such as
this, if no smaller leaf concentrate production
or market were in existence beforehand,
would initially need some external support,
such as a government grant, and a partner
organization, such as an agricultural school
or research station, with a sufficiently large
herd of dairy cows. Subsequently, operations
could be extended to farms in the immediate
surrounding area in order to reach the ‘critical mass’ required for sustainability in terms
of land area, herd size and consequent economics. The best approach, or approaches,
for encouraging engagement will naturally
depend on local conditions; one method
might be an arrangement between production plant and farmers to exchange fresh fodder for sun-dried or ensiled fibre/whey
(stored on site) plus some remuneration.

Box 18.5. Intermediate-scale leaf fractionation: production steps.
1. Fresh leaf crops are harvested and transported to the production plant in a trailer.
2. A conveyor belt carries the chopped leaves to a vertical-axis rotational pulper.
3. The pulped leaves fall directly from the pulper into a screw press.
4. On being expelled from the screw press, the fibre is collected in a container, where it is subsequently
mixed with the leaf concentrate whey before being used as ruminant feed.
5. The green leaf juice is collected and its pH is adjusted to 8.5, to slow down the action of
phenyloxidase and to improve the structure of the curd.
6. As it is pumped to a continuous horizontal centrifugal decanter, the juice is brought to a temperature
of >90°C by steam injection.
7. The curd and whey are separated in the centrifuge, the whey is re-mixed with the leaf fibre before
being directly fed to the cattle (alternatively, some of the leaf fibre will be sun-dried or remixed with
some of the whey before being ensiled for use during the dry season).
8. The curd is dried on a fluidized-bed dryer, cooled and bagged at about 6% moisture.
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Flow and balance sheet
all weights in Kg/h

Vertical-axis
rotational
pulper

Fresh lucerne
WW: 2000
DW: 400
CP: 82

WW = wet weight
DW = dry weight
CP = weight of crude protein

Screw press
NH3
Surge tank

Fibre
WW:1000
DW: 300
CP: 52

Pump

Leaf juice
WW: 1000
DW: 100
CP: 30
20°C

WW: 1100
DW: 100
CP: 30
Centrifugal
decanter

> 90°C

Granulator

Steam: 100

Evaporation: 41

Steam: 50
Fodder
for cattle
WW: 2020
DW: 363
CP: 62

Curd
WW: 80
DW: 37
CP: 20

Whey
WW: 1020
DW: 63
CP: 10

Air flotation
dryer

Condensates

Leaf concentrate
WW: 39
DW: 37
CP: 20

Fig. 18.1. Intermediate-scale leaf fractionation: schematic process diagram.
Box 18.6. Intermediate-scale leaf fractionation: production potential.
Crop:
Total crop cultivation area:
Growing/harvesting season
length:
Production schedule:
Processing capacity:
Leaf concentrate production:

No. of daily portions:
Fibre/whey animal feed
production:
Energy requirements:
Water requirements:
No. of dairy cows & heifers:
Potential milk production:

Lucerne (alfalfa)
100 ha yielding 15 t dry matter/ha
8 months/240 days
14.5 h/day (+ washing down = 2 shifts of 8 h, 7 days/week)
2 t/h (leaf)
29 t/day
35 kg/h (dried leaf concentrate)
500 kg/day
120 t/year at most (at 240 days’ production)
17 million/year at 7 g/day (average per portion)
i.e. daily supply for 47,000 children
2 t/h
30 t/day
(including added steam)
70 kW (mechanical), 150 kg of steam/h
200 l/h, washing included
400
1.5–2 million l/year depending on the breed of livestock and its
husbandry

Table 18.5 presents an estimate of a
number of budget items. The figures are
based on the following assumptions.
•
•

Total capital cost: €600,000. This cost is
for equipment produced in France. If

the equipment were made locally or
elsewhere, it is possible that this cost
could be reduced.
Depreciation costs only are taken into
account. It is assumed that the cost
of initial equipment is donated or
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Table 18.5. Intermediate-scale production: example outline of budget items.
Item
Depreciation on capital investment (10 years)
Maintenance
Cost of forage minus income from by-products
Transport
Electricity for machinery at €0.10/kWh
Gas for steam generation at €0.10/ kWh
Salaries for one manager and two shifts of three staff each
Miscellaneous costs at 10%
Profit at 20%
Selling price

•

•

•

•

covered by a grant and no repayment is
required.
Leaf crop raw material is not purchased
but produced within the ISP organization. Consequently, all costs attached to
existing raising livestock, crop harvesting and transportation, drying/ensiling
and storing for the off-season are not
considered here; only additional workshop costs are listed.
A conservative estimate of 9% yield (dry
matter) of leaf concentrate. It should be
possible to improve this performance with
careful management of harvesting at optimal crop maturity.
Gas is used as the fuel to produce the
steam. Other energy sources, such as
coal, wood or rice husk, could result in
significant savings.
The residual fibre/whey mix has the
same value (per kg dry weight) as the
original leaf crop. The cost indicated corresponds to the lost dry matter due to
leaf concentrate production.

These are representative costs and it is recognized that they have the potential to vary considerably depending on location. However,
they indicate the potential feasibility of such a
project.

Review of Evidence
This section reviews, in chronological order,
studies and trials that have provided evidence

€/kg leaf concentrate

%

0.50
0.08
0.23
0.00
0.20
0.40
0.23
0.16
0.36
2.16

23
3
11
0
9
19
11
8
17
100

of the effectiveness of consuming leaf concentrate in improving human nutritional
status.
Between 1960 and 1990, there were
more than a dozen studies aimed at estimating the effects on malnourished children
and adults of consumption of leaf concentrate from a variety of species of plant. With
a few exceptions, the leaf concentrate used
was prepared with small-scale equipment
from local crops. The serving was typically
one or two tablespoons of fresh moist leaf
concentrate incorporated in the normal diet.
Such a serving adds 4–8 mg b-carotene and
5–10 mg iron, together with 5–10 g protein,
3–6 mg vitamin E, 25–50 mg folic acid, 175–
350 mg zinc and 300–600 mg calcium. Most
of the trials compared the effectiveness of
leaf concentrate with that of conventional
alternatives such as cow or buffalo milk
and/or pulses.
In the early 1960s, three papers by
Waterlow and co-workers (37–39) described
nitrogen-balance studies on malnourished
infants undergoing rehabilitation in hospital.
These compared freeze-dried canned leaf
concentrate (made from several types of leaf
at Rothamsted Experimental Station, UK)
with liquid milk as protein sources. Nitrogen
absorption and retention from leaf concentrate were respectively 90% and 93%, compared with 93% and 91% from milk. On an
equal protein intake basis, weight gain on a
leaf concentrate/milk mix (in which one-half
to one-third of the protein came from the leaf
concentrate) was as good as on milk alone.
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A possible allergic reaction to leaf concentrate
in two children was reported. One such reaction was also found in a short study in India
in 1971 (40). It was believed that pheophorbide might have been the cause, and consequently the coagulation temperature for the
preparation of food-grade leaf concentrate
was raised from 75–80°C (sufficient to coagulate the protein) to a minimum of 90°C to
inactivate chlorophyllase. No further cases
have been reported of allergy or of any other
serious adverse side-effects.
The first long-term (6-month) feeding
trial, conducted by the Central Food Technology Research Institute in Mysore, India,
used leaf concentrate produced locally from
lucerne and compared four groups of 20 children aged 6–12 years (41). The control group
followed their normal diet based on ragi
(Eleusine coracana), while two groups received
an additional 10 g protein from either sesame
flour or leaf concentrate, and the fourth group
received 0.5 g lysine. The leaf concentrate
group gained height and weight more than
any other group (height gain in leaf concentrate group: 4.84 cm versus 2.20 cm in control
group, 3.51 cm in sesame group and 4.25 cm in
lysine group; weight gain in leaf concentrate
group: 1.28 kg versus 0.47 kg in control group,
0.86 kg in sesame group and 1.05 kg in lysine
group; t test P < 0.001 for comparisons of leaf
concentrate height and weight gain with all
other groups). Although the traditional basal
ragi diet was rich in iron, there was a greater
increase in mean haemoglobin (Hb) in the leaf
concentrate group: 0.87 g/dl versus 0.29 g/dl
in the control group (t test P < 0.001), 0.64 g/dl
in the lysine group (t test P = 0.08) and 0.71 g/
dl in the sesame group (t test P = 0.3).
In 1972, the results of a study in Nigeria
were published (42) in which 26 children with
kwashiorkor attending a hospital outpatients’
clinic were given leaf concentrate to be added
to their home diet. Their mothers were provided with cans of freeze-dried leaf concentrate and instructed to stir a tablespoonful
into each of their three daily meals. Within 10
days oedema had subsided in all children, as
had diarrhoea, and there was spontaneous
remission of anaemia, attributed by the
authors in part to the folic acid in the leaf concentrate. Appetite and alertness also quickly

improved. There was no comparison group in
this study.
There followed a series of trials with children aged 2–5 years in Coimbatore, India
(43–45) and children aged 7–14 years in
Lahore, Pakistan (46,47). These trials lasted
from 6 months to 2 years and compared the
incorporation in the diet of leaf concentrate
with various conventional alternatives including cereal/pulse mixes, skimmed milk powder and whole fresh buffalo milk. All resulted
in very satisfactory growth patterns together
with improvements in Hb and vitamin A status and diminished morbidity. For example,
in the second Coimbatore trial (44), after 18
months the mean increases in Hb and serum
retinol in the leaf concentrate group were 3.4
g/dl and 1.34 mmol/l respectively, compared
with 2.5 g/dl and 0.80 mmol/l in the control
group (who received an isoenergetic tapioca
supplement).
A subsequent trial of leaf concentrate for
pre-school children in Sri Lanka, which was
intended to replicate the favourable findings
of the trials in Coimbatore and Lahore, was
largely unsuccessful (48). This was principally due to problems with the local production of leaf concentrate (incorrect manufacture
of machines) (32) and to the target population
being generally well-nourished (no iron,
folate or protein deficiencies) (49). However,
it was reported that leaf concentrate was
highly acceptable to children, and almost all
of their mothers perceived benefits from its
consumption (32).
Devadas and Murthy, in a 4-month trial
(50), attempted to assess the biological utilization of b-carotene from leaf concentrate.
They compared three sources: amaranth
leaves, leaf concentrate prepared from amaranth leaves and a standard b-carotene solution. The subjects were 15 children aged 3–5
years, attending a nursery school where, in
addition to their home diet, they received a
daily snack formulated after a weighed food
survey. During the first month they received
this snack as control. In each of the next three
months the daily snack had added to it, in
turn, 40 g amaranth, 8 g dried leaf concentrate
and then 1 ml standard solution, each supplying 1200 mg b-carotene. During the last three
days of each month, faeces were collected to
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estimate excretion of b-carotene and hence
utilization from each source. They found that
amaranth leaves, amaranth leaf concentrate
and standard solution had percentage utilization (mean ± standard deviation (SD)) of
respectively 61.4 ± 9.4%, 76.7 ± 7.5% and
85.4 ± 6.1%; thus amaranth leaf concentrate
was better utilized than the unprocessed
amaranth (P < 0.001). This finding was replicated in a more recent study, which reported
a retinol equivalence (i.e. how much of the
‘provitamin A’ in the substance under examination was required to provide 1 mg of retinol) of 6.9 mg for leaf concentrate from
spinach, compared with 13.6 mg for the
unprocessed leaf (51), the latter figure being
consistent with recent work by others (52).
These results support studies in which serum
retinol was measured in children and adults
who had received leaf concentrate; it has
invariably been found that hypovitaminosis
A diminished or disappeared (43–45).
In a trial with predominantly anaemic
children aged 4–9 years in a primary school in
Maharashtra, India (53), two groups of 30
children were given a 100 g snack (providing
1674 kJ (400 kcal) and 12 g protein) six days
each week for 9 months. The snacks in one of
the groups were fortified with 9% by weight
of dried leaf concentrate made from lucerne
on a village farm (34). A green vegetable dye
was added to the control group’s snack in an
attempt to blind participants to their allocation. Measurements were made of weight,
height and Hb status, all of which showed a
larger mean increase in the group which
received 9% leaf concentrate compared with
the control group (mean ± SD: 2.5 ± 0.5 kg
versus 2.0 ± 0.4 kg, P < 0.001; 6.3 ± 0.9 cm versus 5.2 ± 0.9 cm, P < 0.001; 1.7 ± 0.9 g/dl versus 0.5 ± 0.9 g/dl, P < 0.001, respectively). The
proportion of children with anaemia (Hb < 12
g/dl) in the 9% leaf concentrate group was
reduced from 100% to 36%, compared with
no change in the control group (90% to 87%).
Leaf concentrate has also been evaluated
in a hospital setting with sick and elderly
patients. A study of 30 patients with endstage renal disease in the chronic haemodialysis programme at St John Hospital, Bucharest,
Romania (54), included only patients with
Hb = 7–8.5 g/dl. For 3 months they received
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15 g dried leaf concentrate daily; Hb was
measured fortnightly. Initial mean Hb of the
group was 7.9 g/dl, after 1 month 8.0 g/dl
and finally 8.4 g/dl (P < 0.05). A shorter study
(55) on 50 hospitalized subjects aged 50–86
years (40 female, ten male) receiving 15 g
dried leaf concentrate each day for 15 days,
added to soup or by spoon, concluded that
iron-deficiency anaemia and sideremia in the
elderly may be corrected by leaf concentrate
in the absence of iron therapy; increases in
levels of serum retinol, calcium and magnesium were also observed.
The effects of leaf concentrate on the
health of pregnant women, and on the birth
weight of their babies, were studied in Jaipur,
India (56). The participants were 105 women
from the slums of Jaipur. The women were
recruited from among attendees at eight primary health centres involved in a government
programme. This programme provided a 120 g
industrially produced cereal-based snack,
rich in phytates but low in micronutrients.
The women were 18–35 years of age and they
were enrolled in the 14th–16th week of their
pregnancy and divided randomly into two
groups. The control group continued to take
the regular snack (six days each week), while
the experimental group received a similar
snack in which dried leaf concentrate, made
locally from lucerne, at 6% by weight, had
replaced the standard ingredients in such a
way that the control and experimental snacks
were isoenergetic and isoproteinaceous. This
had the effect of significantly raising the
micronutrient content of the snack, particularly in iron, calcium, b-carotene and folic
acid. The two groups were monitored monthly
and one week after delivery. In the experimental group there was a reduction (from
52% to 38% at term) in the proportion of
women with moderate or severe anaemia
(Hb £ 8.5 g/dl), compared with an increase in
the control group (from 60% to 83% at term).
Mean Hb in the experimental group was
unchanged (8.8 g/dl at baseline, 9.0 g/dl at
term) compared with a decrease in the control
group (from 8.4 g/dl to 7.8 g/dl at term, P =
0.02). Mean ± SD birth weight in the experimental group was higher than in the control
group (2695 ± 322 g versus 2540 ± 299 g, P =
0.02). A subsample of 20 infants (ten from
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each group) was followed for 6 months. Those
from the experimental group all gained
weight faster than those from the control
group, and their mothers reported better
and quicker recovery after delivery. A number
of these mothers chose to continue taking
the leaf concentrate snack throughout their
lactation, but no further outcomes were
measured.
In the same setting, at Jaipur, the relative effectiveness of leaf concentrate compared with iron and folic acid supplements
for treating anaemia in adolescent girls has
been studied (28). The study was a randomized controlled two-arm trial (n = 102)
over 3 months: one group received a daily
iron and folic acid supplement (60 mg iron,
500 mg folic acid); the other group received a
daily serving of 10 g of dried leaf concentrate
supplied by APEF (providing 5 mg iron, 15 mg
folic acid). Hb, mean red cell volume, serum
ferritin, serum iron and total iron-binding
capacity were measured pre- and postintervention. At the start of the trial, of the
102 girls, four (3.9%) were severely anaemic
(Hb < 7 g/dl), 28 (27.5%) were moderately
anaemic (Hb ³ 7 g/dl and <10 g/dl) and
70 (68.6%) were mildly anaemic (Hb ³ 10 g/dl
and <12 g/dl). In the iron and folic acid
group, 11 girls (20.4%) withdrew due to sideeffects of the supplement, compared with
one girl (2.1%) in the leaf concentrate group.
At the end of the trial, none of the remaining
86 girls was severely anaemic, nine (10.5%)
were moderately anaemic and 26 (30.2%)
were mildly anaemic; 51 (59.3%) had normal
Hb levels (³ 12 g/dl). These proportions
were comparable in both groups. After
adjustment for baseline values, the effectiveness of leaf concentrate in improving serum
iron parameters was comparable with iron
and folic acid, and the authors concluded
that leaf concentrate was a viable, and more
palatable, alternative to iron and folic acid
supplements for treating anaemia in adolescent girls in this setting.
Another randomized controlled trial
using dried leaf concentrate supplied by
APEF was conducted in Lima, Peru, involving two groups each of 30 chronically malnourished children aged 3–5 years (57). One
group received for 12 months a daily 10 g

serving of leaf concentrate and the other
group 15 g of skimmed milk powder with
equivalent protein content. The children were
monitored clinically (weight, height, morbidity) and biochemically (serum protein, albumin, transaminase and creatinine). The leaf
concentrate and milk were taken daily in the
children’s homes, mixed into a maize porridge, and their intake was monitored. The
two groups of children had similar characteristics at entry to the study (body mass index,
age, sex, Hb), except for serum protein and
albumin which were, respectively (mean ±
SD), 59.3 ± 4.5 g/l and 27.8 ± 1.1 g/l for the
leaf concentrate group compared with 62.2 ±
5.3 g/l and 28.6 ± 0.8 g/l for the skimmed
milk group. The leaf concentrate was well
accepted by the children (consumption 91%)
and produced no digestive, kidney or liver
complaints. Losses to follow-up were fewer
in the leaf concentrate group (four children at
3 months and six children at 12 months) compared with the skimmed milk group (nine
and 16 children, respectively). Growth estimated by mean increases in weight and height
was similar for the two groups. Leaf concentrate improved Hb levels (33% anaemic at
entry, 0% after 12 months) whereas this proportion was unchanged in the skimmed milk
group. No untoward effects were recorded
that could be attributed to the leaf concentrate, nor were there abnormal increases in
transaminases and creatinine. Biological
markers for protein deficiency (serum protein
and albumin) were similarly corrected in the
two groups at 12 months. The investigators
concluded that leaf concentrate was as effective as skimmed milk in treating protein malnutrition in children, with the additional
benefit of treating anaemia. These findings
were replicated in a subsequent study carried out in the same district with similar
methodology but on a larger sample (70 children in each group) over 6 months, and with
powdered whole (instead of skimmed) milk
given to the control group (E. Bertin, F. Vitry
and J. Adnet, 2010, paper submitted to Journal
of Human Nutrition and Dietetics).
A 3-month trial in the Democratic
Republic of the Congo (DRC), in partnership
with the DRC Research Centre for Health
Sciences, compared the effects of 10 g of dried
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leaf concentrate versus 15 g of skimmed milk
powder on growth and measures of malnutrition (e.g. albuminaemia) in two groups
each of 30 children aged 3–5 years. Acceptability of leaf concentrate was similar to that
of milk powder, as were the effects of the
two nutritional supplements on gains in
height and weight, and improvements in
measures of malnutrition (E. Bertin, 2008,
report to APEF).
A wealth of observational and anecdotal
evidence for the apparent benefits of leaf concentrate has been accumulated from programmes in more than a dozen countries
(17–23). Although inadmissible in a systematic review of evidence, these reports (mainly
observational case series and testimonials by
medical professionals) are supported by the
findings of the randomized controlled trials
summarized above. Programmes in several
countries have instigated randomized controlled trials in order to provide rigorous
evidence. Most notably, in Burundi and
Cameroon, two randomized controlled trials
involving the consumption of leaf concentrate by people living with HIV/AIDS have
shown promising results, following very
favourable case-series reports from programmes in these countries ((29) and APEF,
2007, internal document).

Leaf Concentrate, Past and Future
The previous sections have described some of
the applications and benefits of leaf fractionation within a food-based approach for combating micronutrient malnutrition. This section
briefly reviews the major factors that have
hitherto hindered the widespread adoption
of leaf concentrate and leaf fractionation,
explains how these may be overcome, and discusses the potentially wider role of leaf concentrate in alleviating human malnutrition.
Over the past 40 years, the use of leaf
concentrate in human nutrition has had a
chequered history, with three main cyclical
factors inhibiting its more general use:
•

A lack of public awareness of the existence of leaf concentrate and its benefits
has resulted in a lack of ‘demand’ for it.

•
•
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The lack of such ‘demand’ has discouraged the initiation of production.
The lack of production (supply) has
meant that there has been little public
awareness.

Until recently, there have been two further,
connected, obstacles:
•

•

Lack of efficient, village-level, intermediate-scale processing machinery (up to
500 kg of leaf per hour) enabling consistent and profitable production of locally
made leaf concentrate.
Lack of robust, comparable scientific data
on the effectiveness of leaf concentrate in
combating malnutrition based on the
consumption of a consistent product.

In addition, the vast majority of potential
beneficiaries of leaf concentrate are severely
impoverished, struggling even to afford the
extremely low ‘cost price’ of the industrial
product (currently €1/kg, ex-works in France,
i.e. just over €3.5/year at 10 g/day per person); this has made leaf concentrate an unattractive option for commercial investors
seeking a rapid return on their investment.
The availability of the French industrially produced leaf concentrate is now permitting the accumulation of an increasing body
of evidence regarding the nutritional effectiveness of leaf concentrate (see previous section), not only in directly combating specific
deficiencies (e.g. iron or vitamin A) but also in
improving general health, resisting infection
and accelerating recovery; of particular interest are the positive effects observed in people
living with HIV/AIDS (18,19,29,58).
The French leaf concentrate also offers
the potential for the creation of a local demand
for leaf concentrate pending the establishment of a local ISP scheme, while the development of a new village-scale combined
pulper and press, which has performed well
in trials, would widen the range of scales at
which ISP might be started, bringing to a
larger number of people the benefits of leaf
fractionation outlined earlier.
Although the first ISP scheme may
require a relatively high initial capital investment, experience of manufacturing outside
Western Europe indicates that costs may be
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substantially reduced (F.-C. Richardier, 2009,
personal communication).
Possibly outside the immediate scope of
the current work, but closely linked, are two
further potential uses of leaf concentrate.
•

•

As part of emergency food stocks held by
the World Food Programme, as there is
increasing testimony to the benefits of
leaf concentrate in the field (17–23).
Incorporated into a ready-to-use therapeutic food (RUTF) formulation. The general health benefits noted when leaf
concentrate is incorporated into a variety
of diets judged to be deficient in micronutrients (see ‘Leaf Fractionation in a Foodbased Approach’, pp. 341–342) bear strong
similarities to those attributed to pro- and
prebiotics (59). A formulation has been
developed using the French leaf concentrate (Dibari, 2007, internal report, Valid
International), with which initial trials
will be undertaken. In the long term, a
locally produced RUTF containing leaf
concentrate from an ISP scheme could be
produced, independently of imported
mineral–vitamin mixes (S. Collins, 2009,
personal communication).

•
•
•
•
•

•
•
•

Moreover, none of APEF’s fieldwork
could have been undertaken without its overseas partners:
•

•

•

•

Acknowledgements
The authors wish to thank Professor John C.
Waterlow, FRS, for his advice and unfailing
encouragement throughout four decades.
They also acknowledge with gratitude
the contribution of:
•

•
•

David Thurnham, Howard Professor of
Human Nutrition (Emeritus), University
of Ulster, Coleraine, Northern Ireland,
for his comments on the review of the
evidence for the effectiveness of leaf concentrate in human nutrition.
Karen Bradfield, for proofreading, comments and drafting Fig. 18.1.
Jenefer Davys, Judith Davys and Nerissa
Martin, for proofreading and comments.

APEF has benefited from the cooperation
and logistical support of the University
Hospitals of Reims and Lima and of the
following corporate and voluntary sector
organizations in France:

Coop de France Déshydratation – Paris;
Luzerne Recherche Développement –
Marne;
SAF Agriculteurs de France – Paris;
Association Alsace Bénin;
EdM (Enfants du Monde) – France
(projects in Burkina Faso, Madagascar
and Senegal);
Ordre de Malte – France;
Pro-Natura International – Paris; and
Rotary France.

•

•

•

•

•

Centre de Santé (sida) Saint Camille –
Bénin [Saint Camille Health Centre (specializing in HIV/AIDS) – Benin];
Centre de récupération et d’éducation
nutritionnelle de Guié – Burkina Faso
[Guié Nutritional Rehabilitation and
Education Centre – Burkina Faso];
Apecos – Association de prise en charge
des orphelins de sida – Burundi
[Apecos – Association Caring for AIDS
Orphans – Burundi];
Cirba – Centre Intégré de Recherches Bio
cliniques (sida) d’Abidjan – Côte d’Ivoire
[Cirba – Integrated Centre (specializing
in HIV/AIDS) for Organic Clinical
Research, Abidjan – Ivory Coast)];
Medicap – Médicalisation et aide aux
prisonniers – Madagascar [Medicap –
Medical Care and Aid for Prisoners –
Madagascar];
Asociación Franco Mexicana Suiza y
Belga de Beneficencia – Mexico [FrancoMexican-Swiss and Belgian Benevolent
Association – Mexico];
Soynica – Asociación Soya de Nicaragua –
Nicaragua [Soynica – Soya Association
of Nicaragua – Nicaragua];
Bdom – Bureau Diocésain des Œuvres
Médicales Archidiocèse de Bukavu –
RDC [Bdom – Medical Services
Office of the Archdiocese of Bukavu –
DRC]; and
Dispensaire Emmaüs and Mission
Catholique de Djilas – Sénégal
[Emmaüs Clinic, Catholic Mission at
Djilas – Senegal].

Leaf Concentrate

363

References
1. Waterlow, J.C. (2008) Letter: Undernutrition should be the first priority. Public Health Nutrition 11, 651.
2. Food and Agriculture Organization of the United Nations (2009) Food Safety and Quality. http://www.fao.
org/ag:agn:agns (accessed 1 March 2009).
3. Food and Agriculture Organization of the United Nations (2002) Living Well with HIV/AIDS: A Manual on
Nutritional Care and Support for People Living with HIV/AIDS. FAO, Rome.
4. Pirie, N.W. (1987) Leaf Protein and Its By-products in Human and Animal Nutrition, 2nd revised edn.
Cambridge University Press, Cambridge, UK.
5. Davys, M.N.G. (1973) An introduction to dewatering. Journal of the British Association of Green Crop
Driers 7(Winter), 62–79.
6. Kennedy, D. (1993) Leaf Concentrate: A Field Guide for Small-scale Programs. http://www.leafforlife.org/
PDFS/english/Leafconm.pdf (accessed 10 March 2009).
7. Telek, L. and Graham, H.D. (eds) (1983) Leaf Protein Concentrates. AVI Publishing Company, Westport,
Connecticut.
8. Rouelle, H.M. (1773) Sur les fécules ou parties vertes des plantes, et sur la matière glutineuse ou végétalanimale. Journal de Médicine, Chirurgerie et Pharmacie 40, 59.
9. Levere, T.H. (1984) Dr Thomas Beddoes (1750–1808): science and medicine in politics and society.
British Journal for the History of Science 17, 187.
10. Osborne, T.B. and Wakeman, A.J. (1920) The proteins of green leaves. I. Spinach leaves. Journal of
Biological Chemistry 42, 1.
11. Chibnall, A.C. and Schryver, S.B. (1921) Investigations on the nitrogen metabolism of the higher plants.
I. The isolation of proteins from leaves. Biochemical Journal 15, 60.
12. Kiesel, A., Belozersky, A., Agatov, P., Biwschich, N. and Pawlowa, M. (1934) Vergleischende
Untersuchungen über Organeiweiss von Pflanzen. Zeitschrift für Physiologische Chemie 226, 73.
13. Joy, L. (1982) The Significance of Leaf Nutrient in Reducing Human Malnutrition. United Nations Financing
System for Science and Technology for Development, New York, New York.
14. Commission of the European Communities (2009) Commission Decision of 13 October 2009 authorizing
the placing on the market of a leaf extract from Lucerne (Medicago sativa) as novel food or novel food
ingredient under Regulation (EC) No 258/97 of the European Parliament and of the Council. Official
Journal of the European Union L294/12.
15. Jones, A.S. (1981) Potential change in animal output from grassland: production from fractionated forage.
In: Jollans, J.L. (ed.) Grassland in the British Economy. Centre for Agricultural Strategy, Reading, UK,
pp. 496–510.
16. Jones, A.S. (1983) The effect of mechanical processing of grass on the nutritive value of forage for
ruminants and the degradability in the rumen. In: Griffiths, T.W. and Maguire, M.F. (eds) Forage Protein
Conservation and Utilization. Commission of the European Communities, Brussels, pp. 35–45.
17. Roque, A. (2004) Observations des effets de la consommation des extraits foliaires de luzerne au Burkina
Faso (Province du Yatenga) Juin 2002 – Janvier 2004. Enfants du Monde. http://www.nutritionluzerne.org/
pdf/burkina/bukina05a.pdf (accessed 1 March 2009).
18. Pallanca, G. (2009) Letter: Leaf concentrate. Undernutrition. AIDS. The elimination of NOMA (Cancrum
oris)? Public Health Nutrition 12, 291.
19. Bonnet, M.J. (2009) Letter: Leaf concentrate. Undernutrition. Nourishing child and adult patients in
Congolese hospitals. Public Health Nutrition 12, 439–440.
20. Andrianasolo, F. (2009) Letter: Leaf concentrate. Undernutrition. Nourishing inmates in Malagasy prisons. Public Health Nutrition 12, 440.
21. Coly, A. (2009) Letter: Leaf concentrate. Undernutrition. Testimony from a clinic in Senegal. Public Health
Nutrition 12, 587.
22. Bremond Pellat, H. (2009) Letter: Leaf concentrate. Undernutrition. Benefits for children in Mexico.
Public Health Nutrition 12, 736.
23. Mathur, B. (2009) Letter: Leaf concentrate. Not only lucerne. Public Health Nutrition 12, 1588–1589.
24. Food and Agriculture Organization of the United Nations, Agriculture and Consumer Protection
Department, Nutrition and Consumer Protection Division (2009) Household food security and community nutrition. http://www.fao.org/ag/agn/nutrition/household_en.stm (accessed 28 February 2009).
25. Bertin, E. (2007) Composition nutritionelle detailée de l’extrait foliaire de luzerne (EFL). Association pour
la Promotion des Extraits Foliaires en nutrition, Paris.

364

M.N.G. Davys et al.

26. Food and Agriculture Organization of the United Nations and World Health Organization (2001) Human
Vitamin and Mineral Requirements: Report of a Joint FAO/WHO Expert Consultation, Bangkok, Thailand.
Food and Nutrition Division, FAO, Rome.
27. Food and Agriculture Organization of the United Nations (2006) Fortification of Food with Micronutrients
and Meeting Dietary Requirements: role and position of FAO. ftp://ftp.fao.org/ag/agn/nutrition/fortification.pdf (accessed 3 March 2009).
28. Vyas, S., Bertin, E., Davys, M.N.G., Collin, S.M. and Mathur, B. (2010) Leaf concentrate as an alternative
to iron and folic acid supplements for anaemic adolescent girls: a randomised controlled trial in India.
Public Health Nutrition 13, 418–423.
29. Allart, P. (2008) Intérêt potentiel de l’utilisation des extraits foliaires de luzerne pour lutter contre la malnutrition chronique chez le sujet séropositif pour le HIV dans les pays en voie de développement. Thèse
pour le diplôme d’état de docteur en pharmacie, Université de Reims Champagne-Ardenne, Reims,
France.
30. Soynica (2009) The domestic method of making leaf concentrate. http://www.nutrition-luzerne.org/
anglais/pdf/Domesticmethod%20English.pdf (accessed 3 March 2009).
31. Jadhav, B., Tekale, N.S. and Joshi, R.N. (1979) Green manure crops as a source of leaf protein. Indian
Journal of Agricultural Sciences 49, 371–373.
32. Cox, D., Rajasuriya, S., Soysa, P., Gladwin, J. and Ashworth, A. (1993) Problems encountered in the
community-based production of leaf concentrate as a supplement for pre-school children in Sri Lanka.
International Journal of Food Sciences and Nutrition 44, 123–132.
33. Fellows, P. (1987) Village-scale leaf fractionation in Ghana. Tropical Science 27, 77–84.
34. Joshi, R.N., Savangikar, V.A. and Patunkar, B.W. (1983) Production of leaf protein in an Indian village –
prospects and problems. In: Roy, S.K. (ed.) Frontiers of Research in Agriculture. Proceedings of the Indian
Statistical Institute Golden Jubilee International Conference, Calcutta, India, 27 September–1 October
1982. Indian Statistical Institute, Calcutta, India, pp. 1–8.
35. Joshi, R.N., Savangikar, V.A. and Patunkar, B.W. (1984) The Bidkin green crop fractionation process.
Indian Botanical Reporter 3, 136.
36. Rodale Institute (2003) Farming Systems Trials: 23 Years of Scientific Data and Discovery, 2003. http://
www.strauscom.com/rodale-facts/ (accessed 3 March 2009)
37. Waterlow, J.C. and Cruikshank, E.K. (1961) Preliminary trials in re-feeding malnourished infants with leaf
protein concentrates. In: Meeting Protein Needs of Infants and Children. NAS Publication No. 843.
National Academy of Sciences, National Research Council. Washington, DC, pp. 69–73.
38. Waterlow, J.C. (1962) The absorption and retention of nitrogen from leaf protein by infants recovering
from malnutrition. British Journal of Nutrition 16, 531–540.
39. Fox, H.C. and Waterlow, J.C. (1966) Nutritive value of leaf protein concentrates for children. In:
Proceedings of the 7th International Congress on Nutrition, Vol. 3, pp. 160–178.
40. Singh, N. (1971) Feeding Trials with Children. IBP Handbook No. 20. Blackwell, Oxford, UK.
41. Doraiswami, T.R., Singh, N. and Daniel, V.A. (1969) Effects of supplementing Ragi (Eleusine coracana)
with lysine or leaf protein on the growth and nitrogen metabolism of children. British Journal of Nutrition
23, 737–743.
42. Olatunbosun, D.A., Adadevoh, B.K. and Oke, O.L. (1972) Leaf protein: a new protein source for the
management of protein–calorie malnutrition in Nigeria. Nigerian Medical Journal 2, 195–199.
43. Kamalanathan, G., Karuppiah, P. and Devadas, R.P. (1975) Supplementary value of leaf protein and
groundnut meal in the diet of preschool children. Indian Journal of Nutrition and Dietetics 12,
203–205.
44. Devadas, R.P. and Davys, M.N.G. (eds) (1978) Leaf Protein Feeding Trial Conducted in Coimbatore, South
India, 1975–1977. Find your Feet, London.
45. Devadas, R.P., Vijayalakshmi, P. and Vijaya, S. (1984) Studies on nutritional trial with pre-school children
with low-cost leaf protein supplement. Current Trends in Life Sciences XI, 311–315.
46. Shah, F.H., Salam Sheikh, A., Farrukh, N. and Rasool, A. (1981) A comparison of leaf concentrate fortified
dishes and milk as supplements for children with nutritionally inadequate diets. Qualitas Plantarum –
Plant Foods for Human Nutrition 30, 245–258.
47. Shah, F.H. (1984) Feeding Trial at SOS Village. Council for Scientific and Industrial Research, Lahore,
Pakistan.
48. Gladwin, J., Rajasuriya, S.V., Soysa, P.E., Cox, D.N., Fraser, J. and Ashworth, A. (1993) Supplementing
meals with leaf concentrate in Sri Lankan nursery schools: impact on anthropometric status. Proceedings
of the Nutrition Society 52, 99a.

Leaf Concentrate

365

49. Cox, D.N., Soysa, P.E., Rajasuriya, S., Nadika Wijesoma, D. and Ashworth, A. (1993) Dietary survey of Sri
Lankan pre-school children and the potential role of leaf concentrate supplementation. International
Journal of Food Sciences and Nutrition 43, 231–240.
50. Devadas, R.P. and Murthy, N.K. (1978) Biological utilization of b-carotene from amaranth and leaf protein in pre- school children. World Review of Nutrition and Dietetics 31, 159–161.
51. Bhashkarachary, K., Rao, D.S.S., Deosthale, Y.A. and Reddy, V. (1997) Bioavailability of b-carotene from
GLV and its processed products. In: Proceedings of the XVIII IVACG Meeting, Cairo.
52. Institute of Medicine (2001) Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium,
Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium and Zinc. National Academy
Press, Washington, DC.
53. Mathur, B., Joshi, R.N. and Bray, W.J. (1986) Impact of supplementing leaf concentrate on Haemoglobin
levels of children. Indian Journal of Nutrition and Dietetics 26, 267–271.
54. Ciocalteu, A., Radulescu, D., Dina, I. and Dumenica, I. (1995) The effects of lucerne leaf concentrate on
haemodialysed patients. Presented at Haemodialysis Congress, Athens, July 1995.
55. Zeana, C., Bogdan, C. and Olaru, D. (1996) Foliary alfalfa extract as nutritive adjuvant for elderly.
Presented at the 3rd Congress of the International Association of Gerontology, European Region, Clinical
Section, Thessaloniki, Greece, 14–17 November 1996.
56. Mathur, B. (1997) Impact of Leaf Concentrate Supplementation on the Nutritional Status of Pregnant
Women at ICDS Anganwadies in Jaipur, Project Report. Department of Science and Technology, New
Delhi.
57. Bertin, E., Cordero, A., Villareal, J. and Vitry, F. (2005) Lucerne leaf concentrate: a solution to malnutrition? Poster presented at French Nutrition Society’s Congress, Marseille, France, 17–19 November 2005.
58. Association pour la Promotion des Extraits Foliaires en nutrition (2009) Testimonials and results from the
field. http://www.nutrition-luzerne.org/anglais/index2.htm (accessed 11 March 2009).
59. Collins, S. and Henry, J. (2004) Alternative RUTF formulations. Emergency Nutrition Network Special
Supplement Series No. 2. http://www.ennonline.net/pool/files/ife/supplement23.pdf (accessed 21
May 2010).

