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In our 9 adopted villages, 1600 People Affected by Leprosy (PAL) live with their families. In these villages
we are dealing with severe and moderate, acute and chronic malnutrition in the majority of their children.
Malnutrition impairs the physical and cognitive development of the children, which at the end leads to a
smaller chance for a good educational achievement. Severe malnutrition is both a medical and a social
disorder, successful management of these severely malnourished children requires that medical and
social problems be recognized and corrected. To break the cycle of their poverty we should treat the
acute malnourished children and prevent the chronic malnutrition which causes stunting and hardly
reversible amongst children older than 3 years. To achieve a sustainable improvement of the condition of
these children we work with the concept of the participatory approach. This means that we will not only
provide them with the treatment of malnutrition by distributing the required food, but also give them
hygiene, health and nutrition education. This way the parents would be able to grow crops independently
in the near future, to prepare a nutritious and a balanced diet in a hygienic way for their children.
Therefore an adequate supply of clean running water all year round is essential for better hygiene and the
sufficient harvest of crops for their own consumption. This paper provides the basic information about
nutrition and guidance to implement the treatment of acute malnutrition and the prevention of the
recurrence of malnutrition, tailored made for the condition with the limited facility in those villages. For
the data in more details concerning the current condition of their food consumption derived from their
limited facilities and health condition, I refer to the previous paper the TLP’s Medical Proposal,
NUTRITION PROGRAM, MEDICAL AND SOCIAL APPROACH, distributed in 12/5/2013
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Introduction
Foreword
Literature shows that healthy children learn better and have better educational achievement. A healthy
nutrition is crucial in children’s development. Not only does it strengthen the immune systems and lower
the risk of non-communicable diseases, such as diabetes and cardiovascular diseases, it also proved that
people with adequate nutrition are more productive and can create opportunities to gradually break the
cycle of poverty. Worldwide in 2011, 165 million children <5 years old were stunted. For normal
development, children need adequate nutrition and cognitive and social stimulation. The first 2-3 years of
life are crucial for both nutrition and child development. Rapid growth, including brain development
places high demands on nutrition. Moreover studies have revealed that the odd ratio for mortality of
children in wasting condition is nearly 10, which means they have almost 10 x increased risk of death
compared with healthy and well-nourished children. When we were visiting the villages, we noticed that
the children of PALs are small for their age. They look chubby (disproportionate fat mass relative to height)
but short for their age. From the data we have collected in July 2012, following the WHO guidelines we
found that 93.09% of the 492 analyzed children from 0-18 years old were below the 3 percentile curve for
their height and/or weight, this is the growth pattern which raises concerns for under nutrition. These
children are stunting, too small for their age as consequence of chronic malnutrition. They have delayed
bone development due to chronic under nutrition. These children are at risk for cognitive and learning
delay. Further analysis in more details reveals that 22 of 83, (26.5%) of children ≤ 3 years old are in
moderate and severe wasting condition. Amongst the preschool children who are younger than 6 years,
there are 37/154 (24%) in the moderate and severe wasting condition, a prevalence, which is 2-3 times
higher than in the poorest countries in the world like Bangladesh and Cambodia. Wasting is an acute case
of malnutrition which is caused by too less nutrition and energy intake. Those children are too light in
relation to their height. These children have a low lean body mass related to low muscle mass and low fat
stores. In our program we focus on the children between 6 months till 6 years old, because the school
children who are older than 6 years old receive daily lunch at their school provided by the government. To
ascertain that our findings of malnutrition among those children mentioned above, are mainly due to
food problems rather than due to a health problem such as maldigsestion by infection for example
chronic diarrhea, tuberculosis, AIDS etcetera, we have collected some individual demographic data,
medical history and individual physical examination of 18 children in Xide with the worst nutritional state.
We found that these children only eat 2 meals a day with each meal consisting of 2 tablespoons of white
rice plus watery soup made by dried cabbage. They only eat meat once a year during the Yi New Year. At
random data, which is collected from the children living in the other villages, the data reveals the same
dietary habits and medical history. Severe malnutrition is both a medical and a social disorder, successful
management of these severely malnourished children requires that medical and social problems be
recognized and corrected, therefore to achieve a sustainable result we are working with the concepts of
the participatory approach. The problem of malnutrition due to lack of food consumption is mainly caused
by the long duration of the dry season which lasts for 6 months annually and in-equal water distribution
during the rain and dry season. The current and the appropriate treatment of the acute malnutrition as
recommended by the World Health Organization (WHO) and United Nations Children's Fund (UNICEF) is
using the Ready to Use Therapeutic Food (RUTF), in the form of energy bars containing the required
calories and nutrition, which does not require any preparation, it can be eaten instantly thus without risk
for contamination. However we need to go through a time-consuming procedure to get these RUTF to
China since it has never been imported in the country so far. Although it is not difficult to treat acute
malnutrition, this is unfortunately not the case in the region with limited facilities like the mountain
villages we are operating in. Firstly we need to improve the needed infrastructure in the villages to ensure
the sufficient food source, to grow nutritious crops and to have small animal husbandry for their own
consumption. The issues which need a serious consideration are the costs and the choice of the food,
which crops are suitable to grow in these remote mountainous villages with unequal water distribution
and which animals are suitable for their animal husbandry use as animal source food.
To realize the above mentioned, Mr John Fraser Bowden, a senior architect and Mr. Patrick
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Purnell-Edwards, a senior water engineer, support our project by designing, building the
nutrition center and are dealing with the water issue. Mr Thomas Anton Wiedemann, a senior
agriculture engineer, guides us in the field of agriculture. This program is supported by our
Board Members chaired by Mr. Tony Leung.

Hong Kong, 15th May 2014
Theresia G.S Liem. M.D, internist.
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The objectives of the Nutrition Program
1.
2.

3.

To treat the acute malnourished children so that they could catch up their weight and growth to
the normal range and enjoy their normal physical and cognitive development.
To improve parent’s awareness regarding the importance of the health and growth development
of their children, in our case we start by providing them the personal and community hygieneand health education.
To guide parents so that they are able to produce and prepare the nutritious and balance diet
independently through the participatory approach.

The purpose of this paper
1.

2.

To provide our staff and those involve in our Nutrition Program the basic information about
nutrition in detail so that they could make the right choice of foods to guide the villagers
to prepare the required balanced diet.
To guide our staff to implement the nutrition program, how to prepare the required food as the
treatment of malnutrition accurately, including monitoring the results of the treatment.
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Contents
The glossary of terms and definitions
Amino acids
Amino acids are classified into three groups:
Essential amino acids, nonessential amino acids and conditional amino acids.

Essential amino acids
 Essential amino acids cannot be made by the body. As a result, they must come from
food.
 The nine essential amino acids are: histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, and valine.
Nonessential amino acids
 "Nonessential" means that our bodies produce an amino acid, even if we don't get it
from the food we eat.
 They include: alanine, asparagine, aspartic acid, and glutamic acid.
Conditional amino acids
 Conditional amino acids are usually not essential, except in times of illness and stress.
 They include: arginine, cysteine, glutamine, tyrosine, glycine, ornithine, proline, and
serine.
Atwater factors
1 g protein=4 kcal
1g fat=9kcal
1g carbohydrate=4 kcal
Comparing Z-scores and percentiles
Z-score
3
2
1
0
-1
-2
-3

Rounded percentiles
99th
th
97
85%
50%
15%
rd
3
1st

Essential fatty acids
or EFAs, are fatty acids that humans and other animals must ingest because the body requires them for
good health but cannot synthesize them. The essential fatty acid are the fatty acids required for biological
processes but are not the fats that only act as fuel. Only two fatty acids are known to be essential for
humans: alpha-linolenic acid (omega-3 fatty acid) and linoleic acid (an omega-6 fatty acid).
Lean body mass
Lean Body Mass is a component of body composition, calculated by subtracting
body fat weight from total body weight: total body weight is lean plus fat.
The Boer Formula: Men: eLBM = 0.407weight(kg) + 0.267height(cm) - 19.2
Women: eLBM = 0.252weight(kg) + 0.473height(cm) - 48.3. [5]
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Macronutrients
Protein, fat and carbohydrate
Micronutrients
Minerals and vitamins
The Maillard reaction
This is a chemical reaction between amino acids and reducing sugars that gives browned foods their
desirable flavor. Seared steaks, pan-fried dumplings, breads, and many other foods make use of the effect.
It is named after French chemist Louis-Camille Maillard, who first described it in 1912 while attempting to
reproduce biological protein synthesis.

Malnutrition
Over nutrition
Under nutrition
●Moderate malnutrition – moderate wasting or stunting
●Severe malnutrition – severe wasting, severe stunting, OR edematous malnutrition
Wasting (indicates acute malnutrition):
●Moderate wasting – weight/height Z-score <-2 to -3
●Severe wasting – weight/height Z-score <-3
Stunting (indicates chronic malnutrition):
●Moderate stunting – height or length Z-score <-2 to -3
●Severe stunting – height or length Z-score <-3
PDCAAS
PDCAAS (protein digestibility-corrected amino acid score) has been adopted by FAO/WHO as the method
of choice for evaluating protein quality in human nutrition [8]. PDCAAS represents the amino acids
available after protein digestion, that is, the content of the first limiting essential amino acid in a test
protein divided by the content of the same amino acid in a reference pattern of essential amino acids [10].
PDCAAS = AAS × TD, where AAS is the amino acid score and TD is the true digestibility.
The highest PDCAAS value that any protein can achieve is by definition 1.0 or 100%, which means that 100%
or more of the requirement of essential amino acids is achieved. A score above 100% should by definition
be truncated to 100%, because any amino acids in excess of what is required for building and repairing
tissues are catabolized
PUFA
PUFA: polyunsaturated fatty acid, such as n-3 fatty acid
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Type I and II nutrient
- Type I nutrient deficiency leads to depletion of body stores and then to a reduction in those metabolic
functions dependent on the nutrient.
- Type II deficiency, because there are no stores other than normal tissue, evokes preservation of plasma
and tissue levels, even at the expense of growth, repair and immune function. Catabolism of normal tissue
to release depleted nutrients can lead to deficits of many or all Type II nutrients.

Type I nutrients
Selenium
Iron
Calcium
Thiamine
Vitamin A
Vitamin C
Vitamin D
Vitamin E
Nicotinic Acid
Cobalamin
Pyridoxine
Iodine
Copper
Manganese
Riboflavine
Vitamin K
Folate

Type I and II nutrient
Type II nutrients
Nitrogen
Sulfur
Essentials amino acids
Potassium
Sodium
Magnesium
Zinc
Phosphorus
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The basic knowledge of nutrition
Nutritional qualities of food and ingredients (energy density, the water content)
Macronutrients: Protein, Fat, Carbohydrate
Micronutrients: Minerals and Vitamins (water soluble vitamins and fat soluble vitamins)
Ant nutritional factors
Contaminants
Food processing (mechanical methods, heat processing, soaking, germination and
malting, cooking in iron pots)
The typical diet in populations with a high prevalence of malnutrition consists predominantly of a starchrich staple, such as a cereal (maize, rice) or tuber (cassava), with limited amounts of fruits, vegetables,
legumes, and pulses, and little or no animal-source food. Such a diet is bulky, has a low density of energy
and nutrients and a low bioavailability of minerals, and will result in impaired growth, development, and
host defense to infections. Young children are also likely to be more sensitive to the effect of antinutrients, e.g., high levels of phytate, which impairs the absorption of several growth-limiting minerals,
such as zinc. Infants and young children are especially vulnerable to malnutrition because they have a high
growth velocity and also high energy and nutrient needs. Growth velocity up to the age of about 2 years is
especially high, and it is also during this period that the brain reaches almost 90% of adult size. Global
figures on nutritional status have also shown that malnutrition among children below 5 years of age
develops mainly during the period from 6 to 18 months [4]. This period, which is the complementary
feeding period, is therefore of special importance. The nutritional needs of a wasted and a stunted child
differ. In particular, the time needed to reverse the condition will differ considerably between wasting
and stunting. It will often be possible to reverse moderate wasting within 2 to 4 weeks, whereas reversing
moderate stunting may take months or years. if it is possible at all. Reversing stunting is easier the earlier
treatment is started, and the first 2 years especially seem to be a “window of opportunity. ”Wasted
children have a higher energy requirement and therefore will also benefit from a higher energy density
and a higher fat content of the diet, provided the need for other nutrients is covered. If stunted children,
with no wasting, are given a diet with high energy density and high fat content over longer periods, there
is a risk that they will develop obesity. However, in populations with a high rate of malnutrition, it is likely
that those in the age group from 6 to 24 months would benefit from a relatively high energy density, even
if they have not yet developed moderate wasting or are “only” moderately stunted. Thus, a diet with a
high energy density could have an important role in preventing moderate malnutrition in such
populations.

Nutritional qualities of food and ingredients
Energy density
The energy density is one of the most important qualities of foods for wasted children. If the energy
density is too low, the food becomes too bulky, and the child will not be able to eat adequate amounts.
Infant and young children have a limited gastric capacity and an energy requirement per unit body weight
about three times as high as adults. If a diet has a very low energy density, even non-malnourished
children may not be able to eat adequate amounts because of the bulkiness of the diet. The energy
density is most important for children with wasting, as they have an increased energy need for catch-up
growth. The most important factor influencing energy density is the fat content, as the energy density of
fat (9 kcal/g) according to the Atwater factors is more than double that of protein and carbohydrate (4
kcal/g). Another important factor is the water content.
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A biscuit will typically have an energy density of 4 kcal/g. Gruels and porridges given to infants will
typically have densities between 0.6 and 0.8 kcal/g, the food based on only cereal and water
will have density as low as 0.25 kcal/g
Energy density and the number of meals per day play role in energy intake.
Diets with a considerably higher energy density than 1 kcal/g and even 2 kcal/g may be beneficial in
treating moderately wasted children. These children have an increased energy need for catch-up, and
some will have a poor appetite with an inability to eat large amounts.
One of the reasons that RUTFs have been so successful in the treatment of severe wasting is likely to be
their high energy density of about 5 kcal/g.
A high energy density can be achieved by reducing the water content of the food and by adding oils or
sugar. It is usually considered to be difficult to produce gruels and porridges with energy densities above
1.5 to 2.0 kcal/g. Reducing the water content will result in foods that are not easy for infants and young
children to eat because of inappropriate texture and viscosity, and if sugar and other water-soluble
ingredients are added in high amounts, the osmolarity will easily become too high. Preferably, the
osmolarity should not be much above 300 mOsm/kg
Summary
1 Children with stunting have smaller energy requirements than children with moderate wasting and
therefore do not have the same need for foods with a high energy density. The energy density of their
food probably should not be much higher than that of food for children without malnutrition.
2 Energy densities between 1 and 1.5 kcal/g are recommended for infants and young children with
stunting.
3 Giving a diet with a high energy density for a long period to stunted children could potentially lead to
obesity.
4 For children with moderate wasting, foods with energy densities between 1.5 and 2.0 kcal/g should
be preferred.
5 High energy densities can be obtained by adding fats or oils to the food, which will not increase the
osmolarity.
6 Research is needed to further define the optimal energy density among both stunted and moderately
wasted children.
7. It should be investigated whether energy densities higher than 2.0 kcal/g given to children with
moderate wasting have advantages and can increase gain in lean body mass
The water content
The water content of foods differs considerably, from a very high content in liquid foods to a very low
content in dry foods such as biscuits. If foods with low water content are given, such as biscuits, there is a
need to cover the water requirements in another way, through drinks. If the child drinks un-boiled water,
the risk of infections from contaminated water is increased, when compared with a situation where the
child will receive water in foods that have been boiled or heated, provided the food is given just after
preparation and is not contaminated before consumption. It is especially important that the water
requirement be covered in malnourished children, as they have reduced ability to concentrate urine.
Macronutrients
Protein
Dietary protein content and quality are of major importance in the treatment of malnourished children. If
the content, quality, or availability is too low, it will limit growth and thereby recovery. If the intake is
above the requirement, the surplus protein will be metabolized into energy, which is not an energyefficient process. A surplus will also produce urea, adding to the renal solute load, which is a problem in
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malnourished children [6]. Furthermore, too
much protein might have a negative impact on
appetite [7], which is especially harmful in
malnourished children undergoing treatment. In
severe malnutrition, a high protein intake might
compromise liver function [6]. Finally,
protein, especially if it comes from animal
sources, is typically an expensive ingredient in a
diet, which is another reason for not supplying a
surplus of protein. In deciding the optimal
protein content of a diet for moderately
malnourished children, both the amount and the
quality of protein should be taken into account.
In the World Health Organization/Food and
Agriculture Organization (WHO/FAO) report on
protein requirements [8], which recommended a
minimum of 6.9 protein E% (=17g/1000 kcal) on
the assumption of a catch-up growth of 5 g/kg
per day and 8.9 PE% if 10 g/kg per day is assumed.
In a review of the composition of fortified
blended foods, we suggested aiming for a protein
E% of about 12, taking into account that the food
supplement would not cover the whole diet [9].

Protein quality
High-quality protein is defined as protein that supports maximal growth. The various protein quality
indexes include one or more factors related to amino acid profile, digestibility, and the presence of
inhibiting or enhancing components in the food ingested.
There is strong evidence that adding animal-source foods to diets for moderately malnourished children
will improve growth and recovery. This could be due to the higher micronutrient intake or the lower
intake of ant nutrients.
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Summary
1 Protein intake and quality are important determinants of growth in the treatment of moderately
malnourished children.
2 A surplus of protein in the diet may reduce appetite and is an ineffective and costly source of energy
3 A high protein quality, i.e., PDCAAS > 70% to 80%, should be aimed for.
4 Children receiving a diet with a low PDCAAS would benefit from addition of animal-source foods to the
diet. It is suggested that about one-third of the protein intake should come from animal-source foods
to make a significant impact on growth

Fat
Fat content
Fat is an important source of energy for infants and young children. The fat content of human milk is high,
with about 50% of the energy coming from fat, underlining that fat requirements are high in early life.
After introduction of complementary foods, the fat content of the diet decreases, but there is at present
no general agreement about the optimal level of fat in complementary foods and in diets for young
children. Several recommendations from high-income countries have stated that there should be no
restrictions on fat intake during the first years of life, without giving a minimum level [12]. For
complementary feeding of children who are not malnourished, a level of 30 to 45 fat E% has been
recommended, including the fat from breast milk.
For foods used in emergencies, a fat content of 30 to 40 E% has been recommended for complementary
feeding [13]. In the WHO guidelines for non breastfed infants and young children, the amount of fat to be
added to a diet, aiming at 30 fat E% in the total diet, has been calculated [14]. If the diet contains no
animal-source foods, it is recommended that 10 to 20 g of fat or oil should be added to the diet, while it is
recommended that children eating animal-source foods, including whole milk, should only be given an
additional 5 g of fat or oil daily, equal to one teaspoon per day.
Prentice and Paul [15] concluded that many children in low-income countries would benefit from an
increased fat intake, and they suggested a minimum level of 20 to 25 fat E%. They were cautious about
recommending a much higher intake of fat because of the potential risk of obesity and comorbidities seen
in many countries, but this is not likely to be a concern in the treatment of children with moderate
malnutrition, where the period of treatment is limited.
In an analysis of national data from 19 countries from Latin America, Uauy and coworkers [16] compared
food-balance sheets with prevalence rates of underweight, stunting, and wasting in the countries. They
found that a diet with less than 22% of energy from fat was likely to restrict growth and also that a low
intake of animal fats was likely to have a negative effect on growth.
Given the high energy needs of wasted children and the positive results obtained with foods with a high
fat content in the treatment of severe malnutrition, it seems prudent to aim at a fat intake close to the
upper limit of the range suggested in the review by Golden [6], which is 45 E% (=50g/1000kcal) for
treatment of moderately wasted children. For children with moderate stunting, who need treatment for
longer periods, a fat energy percentage close to the lower limit, which is 35 E% (36g/1000kcal), is
probably sufficient.
Summary
1 A low content of fat in the diet reduces the energy density and total energy intake.
2 Diets for moderately malnourished children should aim at a fat energy percentage between 35 and 45,
and not go below a minimum level of 30 fat E%.
3 When the fat content is increased, there may be a need to also increase the content of other nutrients
to avoid a decline in the nutrient density.
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Symptoms and effects of insufficient fat intake
The signs of severe n-6 PUFA deficiency are scaly skin impaired water balance, dehydration, and poor
growth [17]; whereas n-3 PUFA deficiency has less obvious signs, manifesting in neurological symptoms,
slow visual maturation, delayed motor skill development, and impaired learning [18]. Furthermore, other
studies suggest that essential fatty acid deficiency may result in increased susceptibility to infectious
disease, shortened erythrocyte survival, and some changes in the structure and function of the heart, liver,
gastrointestinal tract and other organ,
Summary
1 The intake of PUFAs is likely to be low in children with moderate malnutrition.
2 The intake of n-3 PUFAs seems to be especially low, resulting in a high n-6/n-3 PUFA ratio.
3 Several of the manifestations in children with moderate malnutrition could be caused by PUFA
deficiency, but evidence is lacking.
4 It is recommended that diets for moderately malnourished children contain at least 4.5 E% of n-6 PUFA
and 0.5 E% of n-3 PUFA.
5 The n-6/n-3 ratio in the diet should be below 15 and preferably between 5 and 9.
6 Foods with a high n-3 PUFA content, such as soybean oil, rapeseed oil, and fish, should be promoted.

Carbohydrates

Simple sugars
The most important dietary mono- and disaccharides are glucose, fructose, lactose, and sucrose (sugar).
These sugars are good sources of energy and will typically increase the energy density of a diet.
Lactose comes mainly from milk and milk products. Lactose maldigestion and intolerance are prevalent
in many populations in low-income countries, but symptoms are not common before the age of 3 to 5
years, and lactose maldigestion does not seem to be a major problem in the treatment of malnutrition [54,
55]. Even if malnutrition has a negative effect on the intestinal lactase content, the positive results of
treating severely malnourished children with F100, which contains about 21 g of lactose per 100 g of dry
F100, suggest that the lactose content of foods given to children with malnutrition is not likely to be a
problem. RUTFs also contain a considerable amount of lactose (about 12 g/100 g), which does not seem
to cause problems when given to malnourished children. Breastmilk also has a high lactose
content, and it has been suggested that this has a prebiotic effect, i.e., stimulating the growth of a
beneficial intestinal flora, as some of the lactose will enter the large intestine and act as indigestible fiber
[57]. Lactose enhances the absorption of calcium, magnesium, and perhaps phosphorus in infants [58]
Starch
Starch is the most widespread polysaccharide in the human diet. The main sources are staple foods such
as cereals, roots, and tubers. The staple food with the largest amount of starch is maize, but wheat, rice,
and potatoes also have high contents of starch. Starch is stored as amylose and amylopectin in granules in
plant tubers and seeds [19].
Dietary fiber
No universally accepted definition of dietary fiber exists. A useful and generally accepted definition is that
dietary fiber consists of non-starch polysaccharides such as cellulose, hemicellulose, pectin, β-glucans,
plant gums, and mucilages. In some definitions of dietary fiber, resistant starch components such as
oligosaccharides and inulin and non-carbohydrate components such as lignin, waxes, and chitins are also
included. Dietary fibers are also called “non-digestible carbohydrates,” especially in relation to the
physiological effects of these substances in infants and young children [20]. The most fiber-rich plant
foods are unrefined cereals and legumes, including soybeans, beans, lentils, and peas. All plant foods
contain both insoluble and water soluble dietary fibers, although in varying quantities. Insoluble fibers,
e.g., celluloses, some hemicelluloses, and lignin, are indigestible or only partially fermented in the large
intestine. Insoluble fiber in the diet causes soft stools and shortens intestinal transit time, which may
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reduce the digestibility and availability of nutrients. Food processing, such as extrusion cooking, can to
some degree solubilize insoluble fibers, especially in wheat flour [21]. Soluble fibers, e.g., pectins, gums,
and mucilages, are found in all plant foods, especially fruits and vegetables, but in varying amounts.
Soluble fibers possesses water-binding properties and are relatively rapidly fermented in the colon. Some
soluble dietary fibers, such as inulin, can improve absorption of calcium [22-24].Diets with a high content
of soluble dietary fibers may lead to flatulence due to their relatively rapid fermentation in the large
intestine [25]. In particular, a group of oligosaccharides, α-galactosides, typically found in legumes, are
digested in the colon by bacteria, resulting in the production of short-chain fatty acids and gases that
cause flatulence. High intake of soluble dietary fibers has been shown to lead to negative effects on
energy intake in the short term [26] as well as in longer-term studies [27] in healthy subjects and in
malnourished children [28]. There are several studies and reviews dealing with the potential negative
effect of dietary fibers on energy intake and growth in infants and children. Dietary fibers may reduce
energy intake through a suppressing effect on appetite, and they may increase fecal losses of energy due
to reduced absorption of fat and carbohydrate [29].
Until more evidence is available, it is not possible to give recommendations for an upper level of intake of
fibers that will not result in problems for children with moderate malnutrition. In dietary products used
for children with malnutrition, the content of fibers, and especially of insoluble fibers, should be kept as
low as possible. This is especially important during the first 2 years of life and in children with
gastrointestinal problems. With a cereal-based diet, it is difficult to follow the lowest of the
recommendations for fiber intake, which is the American Academy of Pediatrics recommendation of less
than 0.5 g/kg body weight per day.
Summary
1 Lactose maldigestion and intolerance is generally not a problem in the treatment of children with
moderate malnutrition.
2 Lactose may improve mineral absorption and have prebiotic effects.
3 Starch is an important and cheap source of energy for children with moderate malnutrition.
4 Dietary fibers increase bulk and satiety and reduce nutrient and energy digestibility, which may be
harmful to children with malnutrition.
5 It is unknown to what degree fibers are available as energy in infants and children with malnutrition,
especially if they have gastrointestinal problems.
6 In infants and children up to 2 years of age, the fiber intake, and especially the intake of insoluble fibers,
should be kept as low as possible until further evidence is available.
7 There are inadequate data to determine an upper limit for intake of insoluble dietary fibers
The content of total dietary fibers and of insoluble fibers should be declared on foods produced to treat
children with moderate malnutrition
Micronutrition
Minerals and vitamins
All micronutrients are essential to normal functions of biological processes and human health. However in
this article, emphasis is on those nutrients that are important for growth and whose availability is affected
by the food matrix or food processing and that are therefore considered to be of particular importance in
children with moderate malnutrition.
Minerals
Iron
Iron is involved in many vital functions in the human body. Oxygen transport, essential to brain function
and development, and severe iron deficiency can cause retarded mental development, which may be
irreversible. Recently, iron supplementation of children has been shown to increase morbidity and
possibly mortality among non-iron-deficient individuals in malaria endemic areas.
Dietary iron is present in foods in two main forms: heme iron only in foods of animal origin (with high

14

amounts in liver and red meat) and nonheme iron in both animal and plant foods, mostly in the ferric
state. Heme iron and nonheme iron are absorbed through different mechanisms. Heme iron is
transported into the enterocyte by the heme receptor, whereas nonheme iron uses the divalent metal
transporter (DMT1), which means that dietary ferric iron (Fe3+) must be reduced to ferrous iron (Fe2+)
before uptake [30]. Absorption of nonheme iron can be enhanced or inhibited by various dietary
components and thus depends on the meal composition, see table below,
Dietary compounds that influence the absorption of nonhemic iron

87=>[31]
The absorption of heme iron is much higher than the absorption of nonheme iron: about 25% for
heme iron and less than 10% for nonheme iron. Milk has low iron content, and the absorption of iron
from milk is relatively poor.
Zinc
Zinc is essential to growth, synthesis, and maintenance of lean body mass and to the immune functions.
Through its position in metallo enzymes, zinc plays a major role in vital processes such as nucleic acid
synthesis, protein digestion and synthesis, carbohydrate metabolism, bone metabolism, oxygen transport,
and ant oxidative defense. Zinc is often the limiting growth nutrient (type II nutrient) in diets in
populations with a high prevalence of malnutrition zinc is a key nutrient in diets for children with
moderate malnutrition. The absorption of zinc is enhanced at low dietary intakes of zinc.
Calcium has a negative effect on zinc availability. Good dietary sources of zinc include seafood, meat, nuts,
and dairy products. There is a high zinc content in whole-grain cereals, but because of the high content of
phytic acid, a strong chelator of zinc, the bioavailability is typically low. Golden has recommended a
nutrient density for zinc in food-based diets for moderately malnourished children of 13 mg/1,000 kcal.
This level is very high and can be difficult to achieve. Only small freshwater fish contain more than this
level of zinc. Meat and large fish typically have a zinc content considerably below the level of 13 mg/1,000
kcal, and milk has a zinc content of about 6 mg/1,000 kcal. Starchy roots and legumes typically contain
between 9 and 12 mg/1,000 kcal. Thus, the nutrient density suggested by Golden [6] can only be reached
by supplementation or fortification.
Phosphorus
Phosphorus or phosphate forms part of the phospholipids, an essential functional component of cell
membranes, and part of high-energy phosphate compounds such as adenosine triphosphate (ATP) and
creatine phosphate, the biological energy conservation molecule that is essential to all vital processes.
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Phosphorus is also an essential component of hydroxyapatite, the main structural bone mineral.
Deficiency of phosphorus is common in malnourished children, and severe hypophosphatemia
is associated with increased mortality in kwashiorkor [32], although causality has not been shown.
Phosphorus deficiency is also likely to cause rickets-like bone changes in malnourished children
[6]. Phosphorus is likely to be a limiting nutrient in the treatment of children with moderate malnutrition.
Absorption of dietary phosphorus is high (55% to 70%), relatively independently of dietary composition,
and does not appear to be up-regulated at low intakes. Dairy products, meat, poultry, eggs, fish, nuts, and
legumes are generally good sources of highly available phosphorus. However, the main form of
phosphorus from plant material is phytate, which is resistant to digestion unless enzymatically degraded
by phytase. Thus, phosphorus from phytate is only absorbed to a minor degree under normal conditions,
and the phytate fraction of phosphorus should therefore be discounted from calculations of total
phosphorus requirements.
Iodine
Iodine is an essential constituent of the thyroid hormones, which are key components of development
and growth. Iodine deficiency causes disorders ranging from enlarged thyroid gland (goiter) to severe
irreversible mental and congenital retardation (cretinism). The risk and severity of cretinism are, however,
determined by iodine deficiency during fetal life. Milder manifestations of iodine deficiency, including
mild mental impairment in childhood, may be reversible by iodine supplementation. Most foods have
naturally low iodine contents, since their iodine contents depend on the iodine content of the soil.
Seafoods, including seaweeds, are good sources of iodine. Dairy products are also good sources when
cattle feed is fortified with iodine. Universal iodization of salt is recommended as the only effective way of
controlling iodine deficiency, but providing moderately malnourished children with iodine from salt is a
problem, as salt intake should be kept low in children with moderate malnutrition. To solve the problem
are to fortify food or where fortified complementary foods are not available is to give infants and young
children from 7 to 24 months of age an annual dose of iodized oil supplement [33].
Selenium
Selenium protects against oxidative stress, as the main antioxidant enzyme gluthatione peroxidase is
selenium dependent [6]. Selenium deficiency seems to play a role in the development of kwashiorkor, and
the prognosis of the disease seems to be related to selenium status. Both plant- and animal-source foods
contain selenium in several different forms, which generally are well absorbed. However, the content of
selenium in both plant- and animal-source foods depends very much on the content in the soil. It is
therefore not possible to give advice as to which foods are important to provide a sufficient selenium
intake.
Potassium and magnesium
Malnourished children may have a low potassium and magnesium status, especially if they have lived on a
diet with few foods other than rice or highly refined wheat and have suffered from diarrhea, which
increases the loss of these minerals. Both potassium and magnesium are growth (type II) nutrients, and
deficiency has a negative influence on growth. Deficiency of potassium or magnesium interferes with
protein utilization; magnesium deficiency increases the risk of developing potassium depletion, and
supplementation with magnesium has shown to improve recovery from malnutrition. These two minerals
are mainly situated in the outer layers of cereals, and the levels are reduced considerably by milling.
When the values are compared with the recommended nutrient densities suggested by Golden (1,400
mg/1,000 kcal for potassium and 200 mg/1,000 kcal for magnesium), whole meal wheat flour has a
potassium content of about three-quarters and a magnesium content about double these recommended
densities, while white wheat flour has values far below these recommended densities.
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Vitamins
Water-soluble vitamins
Thiamine
Thiamine plays a central role in normal metabolism of energy, particularly carbohydrate. Also involved in
neural function. Since the body does not have any storage capacity for thiamine, it needs to be part of the
daily diet. Whole-grain cereals, meat, and fish are rich sources, whereas highly refined cereals such as
polished rice are poor sources of thiamine. Thus, monotonous diets based on highly refined cereals are
associated with a high risk of thiamine deficiency.
Panthothenic acid (vitamin B5)
Pantothenic acid, also called pantothenate or vitamin B5 (a B vitamin), is a water-soluble vitamin.
Pantothenic acid is the amide between pantoic acid and β-alanine. Its name derives from the Greek
pantothen (πάντοθεν), meaning "from everywhere", and small quantities of pantothenic acid are found in
nearly every food, with high amounts in whole-grain cereals, legumes, eggs, meat, royal jelly, avocado,
[12]
and yogurt. Small quantities of pantothenic acid are found in most foods. The major food source of
pantothenic acid is meat. The concentration found in animal muscle is about half that in human muscle.
Whole grains are another good source of the vitamin, but milling removes much of the pantothenic acid,
as it is found in the outer layers of whole grains. Also in broccoli and avocados.
Pantothenic acid is used in the synthesis of coenzyme A (CoA). Coenzyme A may act as an acyl group
carrier to form acetyl-CoA and other related compounds; this is a way to transport carbon atoms within
the cell. CoA is important in energy metabolism for pyruvate to enter the tricarboxylic acid cycle (TCA
cycle) as acetyl-CoA, and for α-ketoglutarate to be transformed to succinyl-CoA in the cycle. CoA is also
important in the biosynthesis of many important compounds such as fatty acids, cholesterol, and
acetylcholine.
Biotin (vitamin B7)
Also known as vitamin H or coenzyme R, is a water-soluble B-vitamin (vitamin B7). Biotin is a coenzyme for
carboxylase enzymes, involved in the synthesis of fatty acids, isoleucine, and valine, and in
gluconeogenesis. The only human health condition for which there is strong evidence of biotin's potential
benefit as a treatment is biotin deficiency. Biotin is necessary for cell growth, the production of fatty acids,
and the metabolism of fats and amino acids. Biotin assists in various metabolic reactions involving the
transfer of carbon dioxide. It may also be helpful in maintaining a steady blood sugar level Foods with a
relatively high biotin content include Swiss chard, raw egg yolk (however, the consumption of avidincontaining egg whites with egg yolks minimizes the effectiveness of egg yolk's biotin in one's body), liver,
Saskatoon berries, and leafy green vegetables. The dietary biotin intake in Western populations has been
[19]
estimated to be 35 to 70 μg/d (143–287 nmol/d).
Vitamin B12
Vitamin B12 is the generic name for a group of compounds called cobalamins. Vitamin B12 is essential for
normal blood formation and neurological function. It plays an indirect but essential role in the synthesis of
purines and pyrimidines, formation of proteins from amino acids, transfer of methyl groups, and
carbohydrate and fat metabolism. Through its role in the transfer of methyl groups, it is involved in the
regeneration of folate. Therefore, folate deficiency and vitamin B12 deficiency may have some of the
same signs, but vitamin B12 deficiency also has neurological consequences.
Vitamin B12 occurs almost exclusively in foods of animal origin. Severe deficiency can cause irreversible
developmental delay, including irritability, failure to thrive, apathy, and anorexia [34], which may
contribute to the development and manifestations of moderate malnutrition and hinder its treatment.
Vitamin C
Vitamin C (ascorbic acid) is essential for enzymatic hydroxylation and thereby stabilization of
collagen. It is an important antioxidant and enhances absorption of nonheme iron. Scurvy, the
manifestation of vitamin C deficiency, is common among those not consuming fruits or vegetables, such
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as refugees. The most important symptoms are nausea and poor appetite and bleeding from gums and
joints, as well as joint pains and poor wound healing. An important aspect of low vitamin C levels in the
diet of children with moderate malnutrition is that it is associated with low iron absorption, increasing the
risk of iron deficiency. Vitamin C is easily oxidized to inactive forms by exposure to air and to some degree
by heat treatment. Thus, postharvest storage and cooking of fruits and vegetables decrease the vitamin C
content of the foods dramatically. The best source of vitamin C is fresh fruit.
Fat-soluble vitamins
Vitamin A
Vitamin A is essential to vision, cell differentiation, and the immune response. It occurs in
foods as two different groups of compounds: preformed biologically active vitamin A and provitamin A
carotenoids. Preformed biologically active vitamin A (retinol, retinoic acid, and retinaldehyde) is only
present naturally in foods of animal origin. However, biologically active forms (retinyl palmitate) are used
to fortify foods such as margarine, dairy products, and sugar with vitamin A. The provitamin A carotenoids
require enzymatic cleavage before they are converted into biologically active forms of vitamin A.
The bioavailability of provitamin A depends on the food matrix and processing; the bioavailability of
carotenoids from raw orange-fleshed fruits is higher than that from cooked yellow or orange vegetables,
which is higher than that from raw green leafy vegetables [35]. ZINC may be required for the conversion
of provitamin A carotenoids to vitamin A [36].
Vitamin D
Vitamin D is important for normal bone metabolism, but also for the immune system. Vitamin D
deficiency is associated with growth retardation and rickets and may be a risk factor for tuberculosis [37].
Sources of vitamin D are sun exposure and dietary intake [31, 37]. In many areas, the most important
source is sun exposure. Skin pigmentation, and air pollution [38] may reduce the value of sun exposure as
a source of vitamin D. As mentioned by Golden [6], atmospheric dust in desert areas may reflect most of
the UV-B radiation except for the time around noon, when most people are indoors. Therefore,
hypovitaminosis D and rickets are very common even in many sunny countries, and people depend on
intake of vitamin D through naturally vitamin D–containing foods, food fortification, or supplementation.
Few food items contain more than small amounts of vitamin D. The best dietary sources are fatty fish
(salmon, mackerel, herring, sardines, and oil from fish), eggs, liver, and, where available, vitamin D–
fortified foods such as milk and margarine [31, 37]. WHO recommends an intake of 10 μg of vitamin D
daily to prevent hypovitaminosis D [87]. For children with moderate malnutrition, the recommended
vitamin D density is 13 μg/1,000 kcal [4].
Vitamin E
Vitamin E deficiency is uncommon in humans except in unusual circumstances. This is due to the
abundance of tocopherols in the diet. Individuals eating a vegetarian or vegan diet typically are not at
increased risk for vitamin E deficiency. Individuals with fat malabsorption and steatorrhea are at risk for
deficiency of all lipid-soluble vitamins. Tocopherol deficiency can be associated with a progressive sensory
and motor neuropathy, ataxia, retinal degeneration, and a hemolytic anemia. Vitamin E is found in a
variety of foods including oils, meat, eggs, and leafy vegetables. Vitamin E works as a free radical
scavenger, protecting polyunsaturated fatty acids (PUFA), a major structural component of the cell
membranes, from peroxidation. There is no evidence that supplementation of vitamin E improves
outcomes in healthy children or adults. The long-term effects and the safety of vitamin E supplementation
are unclear. High-dose supplementation may increase mortality and the risk of hemorrhage, The content
of vitamin E in the recommended RUTF is 20 mg per 100g RUTF.

18

Vitamin K
Deficiency of vitamin K results in a bleeding diathesis. Bleeding may be seen in the skin, the
gastrointestinal tract, genitourinary tract, gingiva, lungs, joints, or the central nervous system.
Dietary vitamin K1 (phylloquinone or phytonadione) is found in green vegetables like spinach and
broccoli]. Gut micro-flora synthesizes vitamin K2 (menaquinones, including menatetrenone), which
provides a portion of the dietary requirement of vitamin K. Vitamin K2 has approximately 60 percent of
the activity of vitamin K1, by weight, but bioavailability of both forms varies substantially depending on
other intraluminal nutrients. The recommended RUTF contains 15 microgram vitamin K per 100g RUTF.
Summary
1 The content and bioavailability of minerals and vitamins are often poor in diets of children with
moderate malnutrition and should be improved.
2 The bioavailability of minerals is influenced by various dietary components that may act as either
enhancers or inhibitors.
3 The content of phytate in foods has a strong negative effect on the bioavailability of important minerals,
and food-processing methods that reduce the phytate content of foods should be promoted.
4 Fortification or supplementation may be needed to cover the high mineral and vitamin requirements of
those with moderate malnutrition.
Antinutritional factors
Antinutritional factors are food constituents that have a negative impact on the solubility or digestibility
of required nutrients and thereby reduce the amounts of bioavailable nutrients and available energy in
the foods. Food constituents with antinutrient properties may also have beneficial health properties, and
the significance of each antinutritional factor has to be considered in the context of the specific diets and
the specific nutritional problems in a population. The most important antinutritional food constituent in
diets in low-income countries—in terms of negative nutritional impact—is phytate, which is primarily
contributed from cereal staples and secondarily from legumes and other plant foods. Phytate forms
insoluble complexes with a range of nutrients and thereby inhibits the absorption of proteins and
minerals, in particular iron, zinc, and calcium. Other important antinutritional factors in foods that have a
negative nutritional impact in low-income countries are
polyphenol compounds, which are present in different forms in fruits, vegetables, pulses, and cereals.
One of the most widespread groups of polyphenols with antinutritional properties is the soluble tannins,
which are present in, for example, tea. The antinutritional effect of polyphenols is complex formation with
iron and other metals and precipitation of protein, which reduces absorbability. In addition, a number of
more specific food components are present in some foods and may have more isolated negative
nutritional impacts in specific populations eating specific foods.
Phytate (phytic acid)
Inositol hexaphosphate (IP6), which is phytate, functions as a storage compound for phosphorus in seeds
and is essential for release of phosphorus during germination. In a dietary context, the significance of
inositol phosphate as an important antinutrient in cereal and leguminous foods is due to this phosphorus
storage function in plant seeds. In seeds, phytate may account for as much as 80% of the total phosphorus
content and 1.5% of the dry weight. During germination, phytate is hydrolyzed by endogenous phytase to
release phosphate and inositol [39]. In a physiological context, phytate and other phosphorylated inositols
(IP1 through IP5) are not alien compounds to humans, as these and other inositol deviates are widely
present in very small amounts in most mammalian cells, where they are involved in multiple functions
related to cell signaling pathways [40]. The antinutritional effect of phytate in a human diet is caused by
the inability of the human digestive system to degrade phytate. The phosphate groups in phytate strongly
bind divalent cations of Ca, Fe, K, Mg, Mn, and Zn. The complex of iron and other metal ions with IP4 and
IP5 is weaker than that with IP6, and lower inositols have an insignificant inhibiting impact on mineral
absorption [41, 42]. Phytate and lower phosphorylized inositols may be hydrolyzed to lower inositols by
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enzymatic removal of phosphate groups. Phytases involved in enzymatic dephosphorylation are present
in plant seeds, where they can mobilize the stored phosphorus, and phytases are also found in the
intestines of some animals, such as rats. However, humans have evolved to have insignificant intestinal
phytase activity [43], and the consumption of a phytate-rich diet leaves phytate largely undigested and
thus phosphorus unreleased for absorption, and other important nutrients immobilized due to complex
formation. The inhibiting effect of phytate on iron absorption is nonlinear, and the phytate content needs
to be reduced to below a threshold phytate content of 100 mg [44] (fig. 1) or below a phytate:iron molar
ratio of 1:1 [142] to have a significant positive effect on iron absorption. The inhibiting effect of phytate
on zinc absorption has recently been modeled based on data from human absorption studies [45],
predicting that the inhibiting effect of dietary phytate on zinc absorption is linear with no upper threshold
for the inhibitory effect [46]. Modeling absorbed zinc as a function of dietary phytate:zinc molar ratios
emphasizes the potential benefits of phytate reduction and zinc fortification in diets that are habitually
high in phytate. A plant-based diet has been categorized to have “moderate” zinc availability when the
molar phytate:zinc ratio is between 5 and 15 and “low” zinc availability when the molar ratio exceeds 15
[47]. A reduction of the phytate:zinc molar ratio in a maize-based diet from 36 to 17 was shown to
significantly improve zinc absorption [48], indicating that—unlike iron absorption—any reduction in
phytate may potentially contribute to improving zinc absorption. Various traditional processing methods
can reduce the phytate content in cereals and legumes. The potential impact of traditional processing
methods, thermal processing, mechanical processing, fermentation, soaking, and germination (malting)
on improving the bioavailability of micronutrients in a plant-based diet was reviewed by Hotz and Gibson
[49]. Soaking of cereals and legumes can promote diffusion of phytate into the soaking water. Soaking
unrefined maize flour reduced the phytate content by approximately 50% [49], and soaking of legume
seeds (peas, peanuts, and pigeon peas) has been reported to reduce phytic acid by about 20% [50, 51].
Soaking may also wash out soluble vitamins and minerals into the soaking water. Fermentation can
reduce phytate by up to as much as 90%, depending on species and pH [49], as a result of the enzymatic
activity of microbial phytase originating from the microflora in the fermentation culture, either present on
the surface of the fermented foods (spontaneous fermentation) or added as a starter culture.
Fermentation can also contribute to activating endogenous phytase in the cereal or legume being
processed, especially in fermentation processes producing low-molecular-weight organic acids such as
lactic acid, as many endogenous cereal phytases have optimum activity at pH 6 or below [39].
The stimulation of germination of cereals and legumes will activate endogenous phytase as a step in the
process of releasing the phosphorus that the plant has stored as phytate. The endogenous phytase
activity is higher in wheat and in other nontropical cereals such as rye and barley than in tropical cereals
such as maize, millet, and sorghum [52]. Therefore, mixing wheat and maize, for example, in a
germination process may stimulate a higher initial phytase activity and lead to higher reduction of phytate
as compared with germination of pure maize. The nutritional benefits of reducing phytate content
through processing depend on the ability to reach a sufficiently low level of phytate to improve iron
absorption. Dephytinization will also benefit zinc absorption [42] and possibly protein utilization.
The application of commercial phytases to foods for children with moderate malnutrition to reduce
phytate and thereby increase nutritional value, particularly mineral bioavailability, is unexplored, and
research is needed to clarify the potential for applications, as also pointed out in the reviews in this issue
by Golden [6] and by de Pee and Bloem [53]. In a recent study among women, iron absorption from a
whole-maize porridge was increased if phytase was added to the porridge [54].
In conclusion, it is important that foods used for rehabilitation of children with moderate malnutrition
should have a low content of phytate, especially if there are few or no animal-source foods in the diet.
This can be achieved by avoiding unrefined cereals and legumes with high phytate content and by using
food-processing methods that reduce the phytate content.
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Table 8. Phytate distribution in morphological
components of cereals and legumes
Source; [55] and [56]

[44]
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Polyphenols
Polyphenols are classified according to the polyphenolic groups. A major group with antinutritional
significance because of inhibition of mineral absorption consists of the phenolic acids classified as
hydrolyzable (or soluble) tannins and cinnamic acid derivates (table 9).
Isoflavones are polyphenols with estrogenic effect (see Phytoestrogens, above), and condensed tannins,
another group of flavonoids, have dietary significance by adding an astringent taste, as well as possessing
the ability for complex formation with metals similar to soluble tannins. Soluble as well as condensed
tannins are located in the seed coats of dark-colored cereals, such as sorghum and millet, and in beans
and other legumes. The tannin content in beans varies with color, with darker beans having a higher
content. The tannin content of legumes ranges from a high value of 2,000 mg/100 g in faba beans to a low
value of 45 mg/100 g in soybeans. The antinutritional properties of tannins in human diets are due to
complex formation with proteins and with a range of metals, of which complex formation with iron and
zinc is the most important in the context of feeding malnourished children. The complex formation
immobilizes nutrients for digestion and absorption and thereby reduces the nutritional value of the food
[57–59]. The tannin complex formation with proteins also inhibits the enzymatic activities of pectinase,
amylase, lipase, proteolytic enzymes, β-galactosidase, and those microbial enzymes involved in
fermentation of cereal grains [57]. Tannins in legumes reduce ignitable iron absorption by acting as a
natural iron-chelating agent. About 50 mg of legume tannin binds about 1 mg of ignitable iron from food
[160]. Some condensed tannins possess an astringent taste, which may contribute to a decreased intake
of foods containing tannins. Tannin-rich diets have been shown to decrease growth rates in rats, chickens,
and ducklings, but to what degree this can be a problem in children is not known. Tannins are heat stable,
and thus heat processing does little to reduce the tannin content in plant foods. Soaking in water or in salt
solution prior to household cooking significantly reduces the tannin content (by 37.5% to 77.0%),
provided the water used for soaking is discarded [58]. Black tea contains high levels of soluble tannins
that have a strong inhibiting effect on iron absorption. A study in adult women quantified the inhibition of
iron absorption by one cup of tea drunk with a rice meal to be 50%, and drinking two cups reduced
absorption by 66% . In some populations, tea, with or without milk, is given to infants and young children.
This should be discouraged, and tea should not be given to children with malnutrition.
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Other antinutrients
α-Amylase inhibitors
α-Amylase inhibitors are present in many cereals and legumes Amylase is necessary to hydrolyze starch
and is present in the saliva and in the pancreatic secretion. α-Amylase inhibitors reduce starch digestion
and energy availability through the inhibition of amylase. with the result that undigested starch is
metabolized in the large intestine as soluble fibers and turned into short-chain fatty acids with lower
energy efficiency. α-Amylase inhibitors are relatively resistant to boiling.To what degree α-amylase
inhibitors can also impair growth in children is not known.

Protease inhibitors
Trypsin and chymotrypsin are endopeptidases that break specific bonds in the middle of an amino acid
chain, i.e., protein. They are secreted from the pancreas into the small intestine where they reduce large
proteins into medium-sized peptides that are further degraded by exopeptidases, which break off amino
acids from the ends of the chain. Inhibitors of trypsin and chymotrypsin are present in most legume seeds.
Among ordinary food products, soybeans are the most concentrated source of trypsin inhibitors. Trypsin
inhibitors may inhibit other proteases beside trypsin [60]. High levels of protease inhibitors may result in
increased size of the pancreas and inhibition of growth [61]. Food processing can reduce the content of
trypsin inhibitor activity considerably.
Lectins (phytohemagglutinins)
Lectins, also known as phytohemagglutinins are carbohydrate-binding proteins or glycoproteins
are found in most legumes and cereals. Lectins are characterized by their ability to agglutinate
(clump) red blood cells in various species of animals [61]. They have a unique property of binding
carbohydrate-containing molecules, thus inhibiting growth by impairing nutrient absorption
[61]. In addition, about 60% of the lectins survive transit through the intestinal tract and become bound
to the intestinal epithelium, causing disruption of the brush border, atrophy of the microvilli, and
reduction in the viability of the epithelial cells. This markedly increases nutrient requirements by the gut.
Lectins can also facilitate colonization of the gut by bacteria, including pathogens [62], and can cause
bacterial overgrowth of the gut [63]. Lectins are readily destroyed by moist heat treatment but are quite
resistant to inactivation by dry heat treatment or to degradation by digestive enzymes and bacteria (61).
Saponins
Saponins have a bitter taste and are characterized by their hemolytic activity and foaming properties.
They are hydrolyzed by bacterial enzymes in the lower intestinal tract. Saponins have negative effects on
the permeability of the small intestinal mucosa and have been found to impair active nutrient transport in
animal and cell models Whether this effect on the gastrointestinal tract is also relevant for children with
malnutrition is not known.
Lysinoalanine
Certain processing methods, such as heat and alkaline treatment, produce lysinoalanine, a cross-linked
amino acid. Lysinoalanine is widely distributed in cooked foods, commercial food preparations, and food
ingredients. Lysinoalanine may exert a toxic effect via mineral binding in the renal tubules. Conversion of
lysine to lysinoalanine may lead to a decrease in the digestibility of the protein and a decrease in
biologically available lysine [65,66], which is important if lysine is the limiting amino acid of a diet.
Particular attention has been given to sterilized milk and milk powders, as low quality milk powders can
contain rather large amounts of lysinoalanine [67].
Cyanogenic glycosides
Cyanides are found in many foods and plants and are produced by bacteria, fungi, and algae [68,69].
Cyanogenic cassava roots (“bitter cassava”) are of particular concern [70]. Cyanide is highly toxic and must
be removed. Flour of cyanogenic cassava roots can be soaked in water for activation of enzymatic
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breakdown of the cyanide compounds. Consumption of insufficiently processed cassava may cause the
paralytic disease known as konzo
Summary
1 The contents of antinutrients in plant-based diets given to children with moderate malnutrition are
likely to have a major negative impact on nutrient availability and growth.
2 Animal-source foods have no or very low contents of antinutrients, and a diet with a high content of
animal foods will therefore have a low content of antinutrients.
3 Phytate is the most important antinutrient in foods for children with moderate malnutrition because it
impairs the bioavailability of iron and zinc and its phosphorus is unreleased for absorption, actions that
have a negative effect on growth.
4 In selecting cereals, legumes, and processing methods for diets for children with moderate malnutrition,
a low phytate content in the final product should be given high priority.
5 Among the polyphenols, tannins are the most important antinutrients. Legumes and cereals with high
contents of tannins should not be given to children with moderate malnutrition. Black tea should not be
given to children with moderate malnutrition because of its tannin content.
6 A number of other antinutrients, such as α-amylase inhibitors, protease inhibitors, lectins, saponins,
and lysoalanine, can also have a negative effect on growth, although there is a lack of data from
malnourished children
7 Cyanides are highly toxic. Cassava should not be given to children with moderate malnutrition, both
because of its high cyanide content and because of its low contents of protein and other nutrients.
Contaminants
Infants and young children, especially those being treated for wasting, have a very high energy intake per
kilogram of body weight and will therefore ingest large amounts of contaminants if they are given food
that is contaminated. Furthermore, it is plausible that infants and young children with moderate
malnutrition are more vulnerable to the negative effects of pesticides and heavy metals because of their
rapid growth and development, but evidence for this is scarce. The use of pesticides is widespread in
many low-income countries, and control measures are scarce or lacking. Adulteration of foods is another
aspect of contamination with potential serious effects. This recently became evident when it was
discovered that melamine had been added to milk in China to increase the nitrogen content and
thereby artificially increase the apparent protein content [71]. Melamine can cause urinary calculus, acute
renal failure, and death in infants.
Aflatoxins
Aflatoxin is a thermoresistant toxin produced by some molds, especially Aspergillus flavus. Aflatoxin
may be ingested in contaminated food, inhaled, or absorbed through the skin [72]. Exposure can result
in both acute toxicity with lethal outcome or more prolonged effects, such as hepatocarcinosis, depending
on the dose ingested [72]. A possible relation between kwashiorkor and aflatoxin exposure has been
suggested [72–74. Studies have also found an association between aflatoxin intake and growth
retardation in children [72, 75, 76]. However, a causal relation has not been confirmed [72]. It has been
suggested that aflatoxin may have immunosuppressing abilities and synergistic effects with infectious
diseases such as malaria and HIV [72]. It is not possible to avoid aflatoxin completely, and
the goal is therefore to reduce the contamination and intake as much as possible [72]. Like industrialized
countries, several African countries in 2003 had specific mycotoxin regulations to reduce exposure [73].
Some studies from sub-Saharan Africa have shown aflatoxin concentration above the Codex Alimentarius
limits in staple foods such as maize and peanuts [73]. Poisoning can still be a serious problem, as
illustrated by the large aflatoxinosis outbreak in Kenya in 2004 that resulted in many deaths [72].
High temperature and humidity provide the best environment for fungal growth, conditions that are
normal in many tropical countries. With the right conditions, fungi can grow in many different foods and
feeds [73]. Typical staples with high risk of contamination are maize and groundnuts [72.73]. Prevention
of aflatoxin exposure, therefore, is primarily accomplished through good agricultural practices, with
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better handling of crops both before and after harvest, e.g., early harvesting, proper drying, removal of
crops from earlier harvest, and proper storage [72, 77].
Summary
1 It is especially important that foods used for children with moderate malnutrition have low levels of
aflatoxin, as it is likely that these children are more vulnerable to the toxic effects.
2 The levels should be at least below the levels allowed by the Codex Alimentarius.
3 In programs and teaching material aiming at the treatment of children with malnutrition,
it should be emphasized that foods with a high risk of contamination should be avoided.

Food processing
The reasons for processing food include preservation of foods for use in times of shortage; increasing
shelf-life; removal of toxins; removal of antinutrients, which will improve digestibility and availability of
nutrients; and improvement of palatability. As part of food processing, it is also possible to fortify foods.
Food preservation is done in order to reduce the contents of microorganisms and enzymes or to decrease
their activity, which can be done by heating, removing water, or adding a preservative such as acid, sugar,
or salt. Processing will typically decrease the contents of vitamins and minerals, but some methods, such
as fermentation and germination, can increase the contents of some nutrients, such as vitamins B and C.
As processing will also decrease the contents of antinutrients, it will have a positive effect on the
availability of vitamins and minerals [78]. Different food processes can have different effects on a number
of nutritional qualities.

Dehulling: remove the outer cover decortification:

Mechanical methods
Dried staple crops are processed into flours or powders in many different ways, from traditional pounding
with pestle and mortar followed by winnowing (to separate the chaff from (grain) by means of a current
of air or to rid of undesirable parts) to advanced industrial milling. The overall principle is to remove the
outer layers of the grains, which are either inedible or contain substances that are not wanted because
they have negative sensory qualities or anti nutritional effects, are toxic, or may have a negative effect on
shelf-life. Most cereals are milled into flour or meal with removal of the outer layers of the grain, which
reduces the nutritional value. However, removal of the outer layers also makes the grain more resistant
to degradation, because the outer layers of the grains contain fats, which are prone to rancidity. The fiber
content is also highest in the outer layers, and milling will therefore reduce the amount of fiber, with
lower fiber content with increased milling. The extraction rate is the percentage of the amount of wholegrain cereal that is left after milling. Because the nutrients in cereal grains are unevenly distributed, with
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higher contents in the outer layers of thiamine, niacin, iron, and calcium especially, milling results in
substantial losses of nutrients but also in a reduction in the contents of antinutrients such as fiber, tannins,
and phytate (table 8/page 23). Processing will also reduce the relative content of protein (the protein
energy percentage) (table 12), as the outer layers of the grain have a higher protein content. The quality
of the protein can also be reduced, as the protein in the outer layers can have a high lysine content.
Dehulling or dehusking and decortication are other mechanical methods to remove the outer layers of
grains. Dehulling and decortication are often used as synonyms, although strictly speaking dehulling refers
to the removal of the outer layer only, whereas decortication removes more layers than only the outer
layer. The optimal degree of milling or the extraction rate is a balance between keeping as much of the
nutrients in the finished product as possible and at the same time removing as many of the unwanted
substances, such as antinutrients, as possible. It is possible that the optimal extraction rate is different for
malnourished children than for the general population, as malnourished children might be more
vulnerable to the potential negative effects of antinutrients and fibers. However, because there is a lack
of studies evaluating the negative effects of fibers and antinutrients in diets for children with moderate
malnutrition, there is a need for studies evaluating how different processing methods for staple foods
influence the growth of malnourished children. Milling of the various cereals—wheat, rice, maize,
sorghum, and millet—is described in the sections describing the individual cereals below.
Heat processing
Heat can increase the digestibility of protein, carbohydrates, and other nutrients, thereby enhancing the
nutritive value of the food. It can also inactivate some of the naturally occurring enzymes, such as
pectinase and lipoxygenase, in fruits and vegetables, thereby protecting against off flavors, loss of color,
and poor texture in the food product. The heat can release vitamins such as vitamin B6, niacin, folacin,
and certain carotenoids from poorly digested complexes and thereby enhance the bioavailability of these
vitamins. Another advantage of thermal processing is inactivation of antinutrients in certain foods.
However, thermal processing also has several adverse effects. During thermal processing and subsequent
storage, thiamine and ascorbic acid are especially susceptible to depletion due to leaching (to
empty/drain) and thermal degradation. In addition to the Maillard reaction, a chemical reaction between
an amino acid and a reducing sugar, forming a variety of molecules responsible for a range of odors and
flavors, thermal processing at high temperatures can also cause other undesirable reactions to protein,
such as oxidation of amino acids, and formation of new amino acid structures or dipeptides that cannot
be digested or absorbed through the normal process [80]. The simplest way of heat-treating cereals,
legumes, or tubers is to boil them, but legumes in particular need boiling for a long period to be
acceptable for eating, which is a resource-consuming process. This is one of the reasons why cereals and
legumes are often heat-treated by roasting. Roasting, also called toasting, is a high-temperature dry
treatment that is often used for preparing cereals and legumes for blended foods. Typically the whole
grain is heat-treated in a hot drum in which the grain comes into contact with the hot wall. The process
reduces some of the antinutrients and reduces the level of protease inhibitors and volatile glycosides [79].
Roasting improves flavor and enhances digestibility of the starch. The attractive “roasted” taste is due to
the Maillard reactions in the outer layers of the grain. The process reduces the viscosity of porridge made
from roasted flour as a result of dextrinization and starch breakdown [79]. A newer method of roasting,
also called “micronizing” or “infrared roasting,”brings the heat directly into the grain, somewhat similarly
to the microwave principle, and provides a more controlled roasting.
Extrusion
Extrusion cooking (heating under pressure) is an energy-efficient industrial process used widely in the
production of blended foods. It is a much more controlled process than roasting and takes only 30 to 60
seconds. This process “precooks” cereals and legumes by breaking down starches and denaturing proteins,
thereby improving digestibility. After extrusion cooking, typically at 130° to 140°C and under high shear,
the blended food or cereal can be used as an “instant food,” which only needs to be mixed with water
before eating. However, often it is advised to bring the water to the boiling point before making the
porridge or to cook the porridge or gruel for a few minutes in case the water used for mixing is
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contaminated. Another important quality of extrusion-treated flours is that the nutrient density is
improved because of the lower viscosity, which means that less water is needed to obtain an acceptable
viscosity. The lower viscosity is caused by dextrinization, which shortens the starch molecules. Extrusion
cooking can only be used for flours or blended foods with a fat content below about 10% if low-cost dry
extruders are used, but fat can be added to the product after extrusion. Extrusion cooking has both
positive and negative effects on nutritional value. Positive effects include destruction of antinutritional
factors. However, extrusion cooking at very high temperatures and low water content aids Maillard
reactions and reduces the nutritional value of the protein. It may also increase the formation of resistant
starches, which may lead to intestinal discomfort. Furthermore, heat-labile vitamins may be lost to
varying extents [81], but they can be added after extrusion Lysine is the most sensitive amino acid due to
its free ε-amino group, but arginine, cysteine, tryptophan, and histidine may also be affected [83]. Lysine
is the limiting amino acid in most cereal proteins, and the fate of this amino acid during extrusion cooking
is therefore important. In a study of healthy adult volunteers receiving a test meal with corn-soy blend
cooked for 15 minutes at 80°C, with or without previous extrusion cooking, there was no significant effect
on starch digestibility
[82]. Furthermore, it was suggested that extrusion cooked foods caused increased bacterial fermentation
in the colon, presumably through the solubilization of insoluble fibers, which may depress appetite.
Extrusion cooking has potential advantages when used for blended foods, but the effect of the process on
gastrointestinal function in infants and young children with malnutrition needs to be investigated in more
detail.
Soaking
Both whole grain and flours can be soaked. Usually the process lasts for 1 or 2 days, but soaking for some
hours may also have beneficial effects, such as reduction of phytate content [79]. Soaking of flours results
in diffusion of water-soluble minerals but also reduces the content of phytate [84]. The extent of the
phytate reduction depends on the type of cereal or legume, the pH, and the length and conditions of
soaking. Soaking of unrefined maize flour can reduce phytate content by up to 50%, and most of this
reduction takes place during the first few hours of soaking [84]. The contents of other antinutrients, such
as saponins, trypsin inhibitors, and polyphenols, are also reduced during soaking [79].
Soaking of grains before milling can improve flavor. If unsafe water is used for soaking, enteropathogenic
microbes might multiply and result in a contaminated product. It is therefore important that such foods
be boiled long enough to ensure that pathogens are killed.
Germination and malting
Legumes and grains can be soaked in water for up to 24 hours and allowed to germinate or sprout (grow a
new shoot). The grains are then dried, dehusked ( husk: the outer membrane or green envelope of fruits
or seeds), and milled. In this malting process, some of the starch in the grains is degraded into sugars,
protein quality and digestibility are improved, the contents of riboflavin, niacin, and vitamin C are
increased, and the contents of antinutrients are reduced [79]. Malting produces α-amylase, which
converts starch into sugars and thereby makes the porridge or gruel less thick. This is of special
importance for children with moderate malnutrition, as it allows more cereal or legume to be added,
thereby increasing the energy and nutrient density. Several studies have shown that the energy and
nutrient intake can be improved if germinated amylase-rich flour is used for porridges or if some of this
flour is added to a porridge [79, 85]. Soaking, which is part of the germination and malting processes, can
add pathogens to the product, so it should be ensured that the gruel or porridge is heated sufficiently
before consumption [79]. In conclusion, germination and malting result in a number of beneficial effects,
of which the most important are increased energy and nutrient contents and reduced levels of
antinutrients.
Fermentation
Fermentation is one of the oldest and most effective methods of producing and preserving foods. It is a
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process in which microorganisms, typically lactic acid bacteria or yeast, multiply and produce a number of
enzymes, such as amylases, proteases, and lipases, which affect the taste, viscosity, and nutritional value
of the product.

A very important and well-documented effect is that on food safety, as the low pH and the
microorganisms produced during fermentation protect against the multiplication of pathogens.
Fermentation breaks down protein to peptides or amino acids; starch is broken down to simple sugars
and phytase is produced, which breaks down phytate. Many foods can be fermented, such as cereals,
legumes, roots, fish, meat, and milk. Traditionally and in the household the process is spontaneous,
initiated by the microorganisms present in the foods, but in industrial production starter cultures are
often used. Fermentation of cereals and animal products is mainly done by bacteria. Molds (multicellular
fungi) are used to process cheeses and legumes, whereas yeasts (single-celled fungi) are mainly used in
the fermentation of breads.
The fermentation process influences the nutritional quality of foods in a number of ways, e.g., by
increasing energy density and increasing the amount and bioavailability of nutrients [86]
Fermentation can induce degradation of phytate to lower inositol phosphates through microbial phytase
enzymes and by activation of endogenous phytases [84]. Fermentation improves the bioavailability of iron
and other minerals by reducing phytate content and by lowering the pH. In addition to the beneficial
effect of direct fermentation of cereals on mineral absorption, it has been shown that the addition of
small amounts of fermented vegetables (specifically, carrots and onions) to
a cereal meal (wheat roll) almost doubles the relative iron bioavailability from the meal [86]. In conclusion,
fermented foods have many advantages as foods for children with moderate malnutrition and should be
promoted where possible.
Cooking in iron pots
Cooking meals in cast-iron pots has been suggested as a sustainable way of providing absorbable iron
from meals. Two intervention trials with infants and young children showed that those randomly assigned
to eating meals cooked in iron pots had a decreased prevalence of anemia after 8 to 12 months as
compared with those assigned to eating meals cooked in noniron pots [87, 88]; however, a more recent
study showed no effect of cooking in iron pots on anemia prevalence [89]. An in vitro study of the release
of iron into a maize porridge prepared in a cast-iron pot showed that both a low pH and the presence of
organic acids increased the amount of absorbable iron released from the pot [90]. With
low pH and addition of citrate, as much as 26.8 mg of iron/100 g of porridge was released. Even with a
neutral pH and with no addition of organic acids, 1.7 mg/100 g porridge or 34 mg/1,000 kcal was released,
assuming an energy density of the porridge of 0.5 kcal/g. Thus, the use of cast-iron pots for cooking food
for moderately malnourished children has the potential of providing a low-cost, sustainable supply of
dietary iron. However, the acceptability of using cast-iron pots in households, the risk of providing too
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much iron if iron pots are used for fermented foods with low pH, and the risk of heavy metal
contamination should be investigated further.

Summary
1 Food processing, especially of staple foods such as cereals, legumes, and roots, can have important
beneficial effects on the nutritional value of foods given to children with moderate malnutrition.
2 The outer layers of grains typically have a high content of both nutrients and antinutritional factors
such as phytate, tannins, and fibers. Processes such as milling will therefore remove both nutrients and
antinutrients. The optimal degree of milling is therefore a balance between keeping a high content of
nutrients and removing as many of the antinutrients as possible, and it is likely that the optimal balance
is different for moderately malnourished than for well-nourished children.
3 Methods such as soaking, malting, and fermentation increase the nutritional value of foods, e.g., by
reducing the content of antinutrients.
4 As part of food processing, it is possible to fortify foods with minerals and vitamins.
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The food
Non animal food: cereals, legumes, beans, vegetables and fruits
Animal source foods
Ingredients

Non animal source food
Starchy vegetable foods
Cereals

wheat,
corn,

gran of wheat , rye,
rice ,
oat,

barley
millet

Cereals are mainly grasses cultivated for their edible grains or fruit seeds. Cereals are the cheapest way to
provide energy. In low-income countries, these foods provide 70% or more of the energy intake. The most
important staple foods (Staple food is the name for a food that can be stored easily, and eaten
throughout the year. Different kinds of staple food are used in different parts of the world (In Italy a
staple food is pasta, as it can last for a long time). Early civilizations usually ate staple foods because they
could be stored for a long period of time without having to worry about them going bad) in terms of
global production are maize, wheat, and rice. Cereal grains supply energy mainly as starch.(Starch or
amylum is a carbohydrate consisting of a large number of glucose units joined by glycosidic bonds. This
polysaccharide is produced by most green plants as an energy store).
They are also an important source of protein, supplying most of the protein intake in many populations.
They contain from 6 to 14 g of protein/100 g dry weight, and from 7% to 14% of the energy comes from
protein. The amino acid composition of cereals is in most cases not optimal, typically being deficient in
lysine. There is some calcium and iron, but the absorption of these minerals is not high. They are
important sources of B vitamins but contain no vitamin C and no provitamin A, except for whole yellow
maize. The amount of fat in cereals is generally low, with a predominance of n-6 PUFAs. Whole grains
contain high levels of dietary fiber and antinutrients, which can be reduced by food processing methods
such as milling. The outer layers of cereal grains contain the highest amounts of nutrients, fibers, and
antinutrients. Processing methods such as milling will therefore typically reduce the contents of
all these three constituents. The degree of processing is therefore a balance between reducing the
negative factors (antinutrients and fibers), which is important for young children, especially if they are
malnourished, and not removing too much of the nutrients. This balance is different for each cereal It is
possible that the optimal extraction rate is different for malnourished children than for the general
population, as malnourished children might be more vulnerable to the potential negative effects of
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antinutrients and fibers. If a large fraction of the whole grain is removed, such as in white wheat flour
where 30% to 40% of the whole grain is removed, this will also influence the price of the product. Some
cereals, especially wheat, rye, and barley, contain gluten, which can cause celiac disease, a form of
gluten allergy. Oats may contain very small amounts of gluten. Most other cereals, including maize, the
most widely used cereal in food aid, do not contain gluten. Until recently it was believed that celiac
disease or gluten intolerance only affected people of European origin. However, new studies have shown
that celiac disease is also a problem in populations in Southern Asia, the Middle East, North, West, and
East Africa, and South America whose main staple food is wheat. Thus, gluten intolerance should also be
considered in children with moderate malnutrition from populations with a high intake of wheat. In such
populations, the use of diets with no gluten should be considered if the prevalence of celiac disease is
high.
Wheat
Wheat is one of the cereals that are produced in the highest quantities in the world, and it is also the main
staple food in some low-income countries, e.g., in North India and North Africa. The protein content is
about 10 g/100 g, i.e., the protein content constitutes about 12% of the energy. However, the quality of
the protein is lower than in other cereals, with a relatively low PDCAAS (table 2/page 14). Lysine is the
limiting amino acid. Milling of wheat increases the proportion of starch and sugars and lowers the
proportion of other nutrients. Mineral content decreases with the refining process, and the contents of
dietary fiber, protein, and fat also decrease significantly (tables 12 and 13). For example, the contents of
potassium and magnesium, which are important growth (type II) nutrients, are reduced by two-thirds in
white flour; Refined flour contains no lignin and has much less insoluble fiber than whole-grain flour.
(table12). The extraction rate of whole-wheat flour is typically 85%, whereas white flour has an extraction
rate of about 60%. In white flour, most of the fibers are lost.
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An extraction rate of about 80% is a prudent balance between not reducing the nutrient content too
much and reducing the fiber content.
Rice
Rice is the main staple food of over half the world’s population.Rice proteins have a higher content of
lysine than most other cereal proteins, and rice protein is considered to be of high quality, with one of the
highest PDCAAS among cereals. However, rice has one of the lowest protein contents among cereals, and
despite a relative high lysine content, the limiting amino acids are lysine and threonine. Brown rice (in
which only the hull is removed) has higher energy content due to a higher fat content and also a higher
vitamin B content, but it also has a higher content of fiber. The loss of vitamin B in milled rice can be
partly prevented by parboiling (Parboiled rice (also called converted rice) is rice that has been partially
boiled in the husk. The three basic steps of parboiling are soaking, steaming and drying. These steps also
make rice easier to process by hand, boost its nutritional profile and change its texture. About 50% of the
world’s paddy production is parboiled. The treatment is practiced in many parts of the world such as India,
Bangladesh, Pakistan, Myanmar, Malaysia, Nepal, Sri Lanka, Guinea, South Africa, Italy, Spain, Nigeria,
Thailand, Switzerland, USA and France).
Parboiling is a process in which the whole grain is soaked, steamed, and dried. During soaking, the
watersoluble nutrients become more evenly distributed throughout the whole grain and are hardly
removed during dehulling. During drying, the outer coat of the grain is hardened by the heat so that when
the grain is stored it is more resistant to insect invasion. Rice is rarely ground to flour. However, it is often
milled into a highly refined product, losing a high proportion of vitamins and other important nutrients in
the process. The primary objective in rice milling is to remove the hull and the bran (outer layer) with
minimum breakage of the endosperm. This is achieved by cleaning, shelling or dehulling, and milling. In
brown rice, only the hull is removed. The traditional method of pounding rice in a wooden mortar and
winnowing it results in the loss of about half of the outer layers and germ.

Maize
Maize, or corn, is used as a staple food mainly in the Americas and in Africa. The major nutritional
component in maize is starch in the form of amylose and amylopectin. The maize kernel (inner seed)
contains about the same amount of protein as other cereals, but with a lower content of lysine and
tryptophan. The fat content is high, about 9% of the energy in whole-grain maize. Maize oil has a high
content of PUFAs, mainly linoleic acid (24%), and thereby a high n-6/n-3 fatty acid ratio. Whole-grain
maize has a low content of niacin, even compared with wheat and rice. Furthermore, it is in a form with
reduced availability. In South America, maize is often treated with lime water, which makes niacin better
available.In the late 1930s, Cicely Williams made the first description of kwashiorkor and reported that it
was associated with a maize diet. However, since most of the children had a history of deficient
breastfeeding and only received maize as supplementary food, it may not have been a characteristic of
maize that caused kwashiorkor in that setting. Milling of maize reduces the nutritional value, as
in other cereals. The milling of maize yields a variety of products. There are two methods of milling maize:
dry and wet milling. Wet milling produces starch, syrups, and dextrose for use in the food industry. The
most common process used in low-income countries is dry milling. In dry milling, the hull and germ are
stripped from the endosperm (The nutritive tissue within seeds of flowering plants), and can be totally separated
from the endosperm. Degermed and dehulled maize has an extraction rate of 60%, which almost doubles
the price compared with whole-meal flour. Traditional methods using stones or pestle and mortar are still
common in many low-income countries. With these methods, the grains lose some of their outer coat but
retain some of the lipid-rich outer layers. Because of the fat content, the products become rapidly rancid,
and milling has to be done frequently.
Oats
Oats are grown mainly in cold areas and are not considered an important crop in the diets of most
low-income countries. Oats have a high nutritional value. Oats have a higher protein content (13 g/100 g)
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than maize, rice, and wheat and also have a high lysine content and thereby a high PDCAAS. However,
there is also a considerable quantity of phytic acid. The lipid concentration of oats is higher than that of
other cereals, with a favorable ratio of unsaturated to saturated fatty acids compared with other cereals.
Oats are appropriate for children with moderate malnutrition, but because of price and availability they
are often not a realistic option.

Sorghum and millets

Sorghum and the several millet species are grasses with an ancient history of cultivation in Africa and Asia
(table 14). They are relatively drought-resistant crops and are suitable for production under difficult
agronomic conditions. Sorghum and millets for human consumption are mostly grown in Africa and India,
although their production is declining as they are being replaced by maize and rice. Sorghum and millets
are often grown for subsistence use and are therefore important crops for local food security in some arid
(dry and sandy) and semiarid regions. Sorghum and millets are used in a range of traditional foods and
beverages, such as thin and stiff porridges, unleavened flatbreads, and beverages. There are white and
colored varieties of sorghum and millet species. The colored varieties contain tannins and have some
agronomic advantages because they are more resistant to bird and pest attacks, but the tannins have
a negative impact on the nutritional value because of their antinutrient properties. Millets are various
species of small seeded grasses, of which the major species for human consumption are pearl millet
(Pennisetum glaucum) and finger millet (Eleusine coracana). The nutritional quality, including the protein
and fat contents, varies with the species and varieties. Both sorghum and millet species in general have
high fiber contents. The total dietary fiber content is reported as 17% to 20% in millets and 14% in
sorghum.
Industrially and home-based processing of sorghum and millets includes mechanical milling to obtain
dehulled, refined flour. Milling of sorghum removes 10% to 30% of the original weight. Traditional
processing of sorghum and millets includes fermentation, soaking, and germination, which can contribute
to improving the nutritional quality by reducing the contents of tannins and fibers. Sprouts of germinated
sorghum contain a cyanogenic glucoside that can be hydrolyzed to highly toxic cyanide (HCN) [209], and
the fresh shoots and roots of germinated sorghum must therefore never be consumed
Quinoa
Quinoa is grown as a crop primarily for its edible seed. It is a pseudo-cereal rather than a true cereal, as it
is not a grass. Its leaves are also eaten as a vegetable. Quinoa originates from South America and is still
mainly grown there. Quinoa has a balanced content of essential amino acids and thus a high protein
quality. It is also a source of vitamin E, thiamine, iron, zinc, and magnesium. Quinoa has a coating of
bitter-tasting saponins, which can be removed by soaking.
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Teff

Teff is grown mainly in Ethiopia and Eritrea and to a lesser extent in India and Australia. The grain has a
high content of several nutrients, including calcium, phosphorus, iron, copper, and thiamine. Teff also has
a good amino acid composition and has lysine levels higher than those of wheat. In Ethiopia and Eritrea,
teff is mainly used in enjera, a fermented thin, flat pancake, which is consumed mainly by adults. However
expensive.
Summary
1 Cereals are important ingredients in diets for children with moderate malnutrition, as they provide
easily available and low-cost energy, protein, and important nutrients.
2 In choosing the best cereal types for treating children with moderate malnutrition, the contents of
nutrients, fibers, and antinutrients, especially phytate, should be taken into consideration.
3 A high extraction rate will reduce the contents of fibers and antinutrients, but also the contents of
nutrients. Thus, the optimal extraction rate is a balance that differs according to the type of cereal and
the target population
4 White rice, wheat flour with a 85% extraction rate, and maize flour with a 60% extraction rate are
prudent choices for feeding children with moderate malnutrition.

Legumes and pulses

Legumes are plants from the family Fabaceae or the fruits of these plants. Well-known legumes include
peas, beans, and peanuts. The FAO (Food and Agriculture Organization of the United Nations) has defined
“pulses” as legumes harvested solely for the dry grain. This definition excludes green beans and green
peas, which are considered vegetable crops. Crops that are grown mainly for oil extraction (oilseeds such
as peanuts and soybeans) are also excluded. Legumes play an important role in the diets of people in Asia,
India, South and Middle America, and to some extent in Africa. Legumes have a high nutritional quality.
The protein content is high, typically from 20 to 35 g/100 g, or a protein energy percentage of 20 to 30.
The quality of the protein is not high because of a low content of methionine. The lysine content is high
compared with cereals, and therefore legumes complement the low lysine content of cereals, resulting in
a high PDCAAS in foods containing both cereals and legumes. The fat content is low, about 1% to 3%, with
the exception of whole peanuts and soybean, which contain about 43 and 18 g of fat/100 g, respectively.
The total content of fiber is generally high, typically around 5 to 15 g/100 g dry weight, of which 4 to 5
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g/100 g is insoluble fiber (table 15). The content of phytate is high in legumes, at the same level as in
whole-grain cereals (tables 13 and 16). However, in cereals the phytate is located mainly in the outer
layers and can be removed more easily during processing, which is not the case with legumes. Therefore,
the phytate content is higher in legumes. An analysis of complementary foods from Indonesia found that
legumes typically had phytate contents three to four times higher than those in cereals [93]. Colored
legumes also have high levels of polyphenols. Legumes often contain high amounts of indigestible
oligosaccharides (stacchiose and rafinose) that are rapidly fermented in the colon and can cause
undesired flatulence [94]. This gas production may play a role in the acceptability of legumes, including
soybean products, as a major food source for humans.
Lentils

Lentil is a plant of the legume family with lens-shaped seeds. Lentils are used to make daal, a traditional
dish with cooked lentils. Lentils can be white, yellow, red, green, brown, or black. Red, yellow, and white
lentils have had their skins removed, i.e., they are decorticated. Some lentils contain a toxin that can
cause latyrism, a neurological condition with paralysis [95]. The amount of toxin can be reduced by
soaking, heating and fermentation
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Beans

pigeon peas
Beans are large seeds of plants of the family Fabaceae. There is a great variety of bean types that are
produced in large parts of the world. Grams are a group of legumes that includes pigeon peas, chick peas,
green grams, and mung beans. The protein
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content of beans is between 20% and 30%. The PDCAAS is reasonably good, although their overall value is
reduced by their lower digestibility.Beans are generally very low in fat, containing about 2% to 5% of
energy as fat, and the dietary contribution
of beans to the intake of n-3 fatty acids, due to the content of α-linolenic acid, is generally minor [96].
Beans are an excellent source of folate. Even though beans have relatively high contents of both calcium
and iron, they are not a very good iron source because of the low bioavailability of iron from legumes
[97,98]. Beans provide a large amount of dietary fiber. Beans contain several antinutrient factors, of
which the most important are trypsin inhibitors, phytate, and lectins. The phytate content of beans is
between 1% and 2%, which contributes to the poor bioavailability of minerals in beans.
Soybean
Soybeans are an important crop, providing primarily high contents of oil and protein. Soybeans occur in
various colors: black, brown, blue, green, and yellow. The oil and protein contents together account for
about 60% of the weight of dry soybean flour (protein 37% and oil 22%) (table 15). The protein content is
of high quality. It contains all the essential amino acids. With the exception of the sulfur amino acids,
cysteine and methionine, in which soybeans are deficient, other essential amino acids are present in
sufficient quantities; noteworthy is the high amount of lysine, which distinguishes soybeans from
other legumes and cereals [99,100], and provides soy protein with a high PDCAAS. For this reason,
soybeans are a good source of protein, especially for those living on a diet low in animal-source foods.

The oil content is of high quality, as soy oil contains a high proportion of unsaturated fatty acids, with a
high content of the n-3 fatty acid α-linolenic acid and thereby a favorable n-6/n-3 PUFA ratio of about 7.
On average, dry soybeans contain about 35% carbohydrates. The insoluble carbohydrates in soybeans
include cellulose, hemicellulose, pectin, and a trace amount of starch. Soybeans contain both watersoluble and fat-soluble vitamins. The water-soluble vitamins are mainly thiamine (vitamin B1), riboflavin
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(vitamin B2), niacin (vitamin B3), pantothenic acid, and folic acid (vitamin B9). Soybeans also contain
vitamin C, but the amount is negligible in mature soybeans, although it is present in measurable amounts
in both immature and germinated seeds [100]. The fat-soluble vitamins in soybeans are vitamins A and E,
with essentially no vitamins D and K. Vitamin A is present mainly as the provitamin β-carotene, and the
content is negligible in mature seeds.
As in most legumes, there is an abundance of potassium but not of sodium, and soybeans are a very
good source of phosphorus, although a significant proportion of it is present as phytic acid phosphorus,
which has only partial biological availability. Soybeans are also a good source of calcium and magnesium,
but they are poor in iron. The amounts of zinc, iron, and iodine are minimal [100]. Soybeans contain
antinutritional factors, of which the most important are protease inhibitors, lectin, and phytates.
A range of soy products are used for vulnerable and undernourished populations. The most common
products are whole soybeans or grits (coarse food e.g. ground corn), full-fat soy flour, and defatted soy
flour [101]. In corn–soy blend, nondehulled and dehulled soybeans and defatted and toasted soy flour
have been used [53]. Other more refined products are soy protein concentrates and soy protein isolates,
the latter used in infant formula. The difference between defatted soy flour, soy concentrates, and soy
isolates is not only the carbohydrate content, which is 32%, 21%, and 3% respectively, but also the
content of fiber and antinutrients which is reduced, although important quantities are left even in soy
isolates [102,103]. In conclusion, soybeans have exceptionally high contents of both protein and fat. The
quality of protein is high, with a balanced amino acid composition and thereby a high PDCAAS, and the
quality of fat is also good, with a relatively high contribution from n-3 PUFAs and thus a favorable n-6/n-3
fatty acid ratio. On the other hand, soybeans also contain high levels of antinutrients, especially phytate,
and high levels of phytoestrogens (see section on Phytoestrogens, above). There is a lack of studies on the
potential negative effects of the antinutrients in soybeans in malnourished infants and young children.
Studies of growth in weanling pigs have shown that growth is better on a milkbased diet than a corn–soy
diet. But whether that is due to beneficial effects of milk or antinutritional effects of the soy and corn is
not known. There is an urgent need to perform studies of the effects of different preparations of
soybeans with different contents of antinutrients on growth
Peanuts
The peanut is also known as groundnut and is one of the most nutritious seeds and one of the world’s
most popular legumes or pulses. In Africa peanuts are prepared as fresh boiled peanuts or roasted. They
may also be ground or milled, and ground peanut is often available at markets to prepare peanut sauce.
With more than 40% fat, peanuts contain more fat than other legumes. The protein content is about 25%,
but peanuts are deficient in lysine and methionine. The amount of carbohydrate is relatively low at about
28%. Peanuts have little or no carotene but are a good source of vitamin E, niacin, and folate [104]. The
fatty acid composition is discussed in the section on Oils and Fats, below. Peanuts have higher levels of
phytate than most other legumes (tables 7 and 15) and also contain α-galactosides.
Summary
1 Legumes and pulses are important foods for children with moderate malnutrition because they have a
high content of protein with an amino acid composition that complements the amino acid profile of
cereals.
2 The content of fibers and antinutrients is high, and optimal processing to reduce the amounts is
important.
3 Soybeans are used extensively as a commodity with a high protein content and quality at a reasonable
price. However, the contents of fibers and phytate differ considerably between different soybean
products.
4 Soybeans have a high content of fat, with a high content of PUFAs and an optimal n-6/n-3 balance
Roots
Roots provide primarily energy in the human diet in the form of carbohydrates. In low-income countries,
the main nutritional value of roots is their potential ability to provide one of the cheapest sources of
energy in the form of carbohydrates. Both protein and fat contents are very low.
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Cassava

Cassava is a starchy root that is an essential part of the diet of more than half a billion people. It is
originally from South America but is now grown in many places. Cassava is also known as manioc or
tapioca. It is drought resistant, needs little attention, and gives a high yield. Both the tubers and the
leaves are used as food sources. The tubers are an important staple food in many low-income countries of
Africa, South and Central America, India, and Southeast Asia, providing a cheap carbohydrate source.
About 90% of the energy content in cassava comes from carbohydrates, mainly starch. Cassava is deficient
in protein, with only about 3% of the energy coming from protein and only 1% from fat. Cassava species
contain varying amounts of toxic cyanogenic glycoside, which can cause the paralytic disease konzo and
can interfere with the function of the thyroid gland and cause goiter [105, 106]. The cyanide content can
be reduced by soaking or boiling, but fermentation is more effective. Cassava leaves have high contents of
carotene, vitamin C, iron, and calcium. The leaves contain more protein than the tubers, but they lack
methionine
Potatoes and sweet potatoes
Potatoes belong to the nightshade family (Solanaceae) and have a high protein content (9 E%) with a high
protein quality (PDCAAS) (table 2), higher than that of any of the cereals or other roots. The content of
fibers is low, and the contents of vitamin C and potassium are high. Because of the potential role of
potato production in food security and poverty reduction, the United Nations and the FAO declared 2008
as the year of the potato (www.potato2008.org). Sweet potatoes are starchy roots belonging to the
bindweed family (Convolvulaceae) that are widely grown as staple foods in parts of Africa and Asia. Sweet
potatoes have the same energy content as potatoes but a lower protein content, equivalent to about 7
E%. The yellow forms of sweet potato (orange-fleshed sweet potatoes) contain higher amounts of
provitamin A carotenoids than the white forms and have been promoted as a dietary supplement to
improve vitamin A status in vitamin A–deficient children [107.108].
Plantain

a bunch of plantains

39

Plantain is a form of banana and thus a fruit, not a root, but it is often classified with starchy roots, as it
has a nutritional composition close to that of starchy roots. Plantains contain more starch than bananas
and are either boiled or fried or made into a flour after sun drying (109). So it has to be cooked before
serving as it is unsuitable raw. It is used in many savory dishes somewhat like a potato would be used and
is very popular in Western Africa and the Caribbean countries. It is usually fried or baked.

Summary
1 Roots are typically cheap sources of energy, but the protein and fat contents are low and they are
therefore not optimal as foods for children with moderate malnutrition.
2 Potatoes are a valuable food with a high content and quality of protein and a low content of fibers and
phytate.
Vegetables

A vegetable is not botanically defined, as it may be any edible part of a plant, such as the root, stem,
leaves, or fruit. Many vegetables, such as carrots, onions, tomatoes, pumpkins,

okra (ladyfingers)
aubergines, and green peas, can be valuable ingredients in diets for children with moderate malnutrition.
In addition to the energy and nutrients they provide, they bring taste, color, and variability to the diet.
Although vegetables typically shrink when cooked, they are often not very energy dense and can
contribute to the bulkiness of the meal. They may also contain considerable amounts of fiber, which is
part of the bulk problem. Many vegetables contain important amounts of micronutrients, especially
provitamin A, vitamin C, and iron. Although the bioavailability of minerals in vegetables can be low
because of antinutrients, the high amounts of vitamin C may improve the mineral bioavailability of the
whole meal. Vegetables such as green leaves and fruits can be grown in home gardens or gathered from
fields or bushes at the village level. Some vegetables, such as tomatoes, can be sundried and used later in
cooked meals. Vegetables may therefore be affordable and valuable ingredients in diets for children with
moderate malnutrition.
Summary
1 Many vegetables are affordable and nutritionally valuable ingredients in diets for children with
moderate malnutrition.
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Green leafy vegetables

Amaranth

Taro

Dark-green leafy vegetables such as kale, spinach, and leaves of cassava, pumpkin, amaranth, and taro
are widely available and are consumed as part of the normal diet in many populations. Green leafy
vegetables are rich sources of provitamin A, vitamin C, iron, and calcium (tables 17 and 18).

They are almost always cooked before consumption, which causes them to shrink in volume and become
more nutrient dense. However, cooking may affect the bioavailability and activity of the nutrients.
Cooking destroys 50% to 80% of vitamin C but improves the bioavailability of beta carotene
Even though the conversion of provitamin A carotenoids is less effective than previously believed, green
leafy vegetables consumed daily are still a valuable source of vitamin A, even with a low intake of dietary
fat [110]. Since green leafy vegetables can be grown at home at low cost, they may serve as a reasonable
alternative to vitamin A–rich animal-source foods. Home gardening of green leafy vegetables combined
with nutrition education in rural South Africa improved the vitamin A status of 2- to 5-year-old children
compared with children in a control village [111]. The iron content of most green leafy vegetables is
relatively high, although the bioavailability of iron is compromised by a high content of tannins and
oxalates [112]. Overall, consumption of green leafy vegetables improves the nutrient quality of cerealbased diets, although the bioavailability of vitamin A as well as that of iron is low.
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Moringa leaves

The tropical drought-resistant tree Moringa oleifera is native to India but has been introduced to Africa
and South America. The leaves are consumed raw, cooked like other green leaves, or as a dried,
concentrated powder. Moringa is suitable for home gardening, as it is easy to grow and its fresh leaves
can be harvested continuously. It has been claimed to have unusually high contents of calcium, iron,
vitamin A, and high-quality protein and low contents of antinutrients such as tannins and oxalates .
Moringa leaves have therefore been promoted as a potential low-cost, high-quality food. Published data
on the nutrient content of moringa leaves are, however, inconsistent, probably reflecting different preand postharvest procedures, varieties, leaf age, etc. There is limited information on the bioavailability of
nutrients from moringa leaves, although they
were effective in improving vitamin A status in depleted rats. Systematic nutrient analyses and human
intervention trials assessing the effects of consumption of moringa leaves. are needed before the
potential effects of the moringa
tree can be estimated.
Summary
1 Green leafy vegetables contain iron and provitamin A and can be valuable ingredients in diets for
moderately malnourished children.

Fruits
Most fruits contain readily available energy in the form of simple sugars, mainly fructose. Those with
orange or yellow-colored flesh are rich in provitamin A (tables 19 and 20).

42

Fresh fruit is an excellent source of vitamin C and should be consumed with plant-based meals to
enhance absorption of iron. In addition, the bioavailability of provitamin A is relatively high from fresh
fruits [113]. Most children like the natural sweetness of fruits, so the addition of fresh fruit to a meal may
increase its perceived palatability and thus increase the intake of the whole meal. Avocado has an
exceptionally high content of fat, about 15 g/100 g, with about two thirds being monounsaturated fat.
The energy density is therefore high, more than
1.6 kcal/g. Therefore, if available and affordable, avocadoes are valuable in the diet of children with
moderate malnutrition. Banana is also a high-energy food, with an energy density around 0.9 kcal/g. Ripe
bananas have a high sugar content and thus provide an easily available energy supply. Unripe bananas
have a high fiber content and are thus unsuitable for children with moderate malnutrition.
Summary
1 Most fruits are good sources of vitamin C and should be consumed raw with plant-based meals to
enhance iron absorption.
2 Yellow- and orange-fleshed fruits are good sources of provitamin A.
3 Fruits add sweetness and color to a meal, factors that will improve perceived palatability and often
increase dietary intake among children.
4 The intake of fruits should be promoted, as they currently have low status in many settings.

Animal-source foods
Animal products, such as meat, fish, eggs, and dairy products, are energy dense, excellent sources of high
quality and readily digested protein and micronutrients, and they contain virtually no antinutrients.
The most important micronutrients in animal products are iron, zinc, calcium, riboflavin, vitamin A, and
vitamin B12. It has been concluded that “relatively small amounts of these foods, added to a vegetarian
diet, can substantially increase nutrient adequacy” [114].
Positive associations were found between intake of animal source foods and growth in weight and length,
after controlling for socioeconomic factors [265]. Similarly, intake of animal-source foods was associated
with linear growth in 12- to 15-month-old children in Peru [115], especially in those with a low intake of
complementary foods.
In Mexico, consumption of foods of animal origin was positively associated with body size
in stunted children at 30 months and with growth rates from 18 to 30 months [116]. The iron, zinc, and
vitamin B12 contents of animal-source foods, in addition to high protein quality, may have contributed to
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these findings [117]. 544 children enrolled in class 1 were randomly assigned to meat (60 to 85 g/day),
milk (200 to 250 mL/day), energy (isocaloric with the milk and meat, 240 to 300 mL/day), or no food
supplement for a 2-year period [118]. Children receiving meat had a greater increase in arm muscle area
than children in the milk and energy groups, who had greater increases than children in the control group.
The effect of milk on arm muscle area was not significantly greater than that of energy supplementation.
There were no main effects of any of the supplements on linear growth. However,
among children with low height-for-age z-scores at baseline, those receiving milk gained more height than
children in the other groups [118]. Height gain during the intervention period was positively predicted by
intakes of energy from animal-source foods, both milk and meat [119].
Other studies, from both industrialized and from developing countries suggest that milk has a specific
stimulating effect on linear growth [120].
Observational and intervention studies from industrialized countries suggest that intake of cow’s milk
stimulates insulin-like growth factor 1 (IGF-1) secretion, which has a direct effect on linear growth [121,
122]. Equivalent amounts of protein in meat did not have an effect on IGF-1 levels [122].
Many studies have shown an impact of childhood malnutrition on cognitive function, physical activity, and
school attendance and performance. Positive associations have been found between intake of animal
source foods and cognitive performance and verbalization in toddlers [123,124], and school-age children
receiving meat had better verbal and performance test results, were more attentive to classroom work,
and showed leadership behavior [125, 126]. An overview of the characteristics of animal foods that are
likely to cause the beneficial effects seen after intake of animal-source foods is given in table 22.

Milk
Cow’s milk
Cow’s milk is a good source of many nutrients and has a high content of high-quality protein, containing
all essential amino acids. The PDCAAS is typically 120%, depending on the exact amino acid distribution,
with tryptophan as the limiting amino acid. Mature bovine milk contains about 3.2% to 3.5% protein by
weight, equivalent to about 20% of the energy. The main protein fractions of bovine milk are casein and
whey, which account for approximately 80% and 20% of the protein, respectively. Whole cow’s milk
provides a good supply of energy (266 kJ/100 g), with 45% coming from fat, whereas skimmed milk
provides only 151 kJ/100 g. Cow’s milk also contains high levels of important nutrients, such as calcium,
available phosphorus and magnesium, and several B vitamins and bioactive factors and proteins that may
have growth-promoting abilities . However, cow’s milk is a poor source of iron because of low iron
content and poor bioavailability. Because of its stimulating effect on linear growth, milk may have an
important role in the prevention and treatment of stunting, especially during the first 2 years of life.
However, it is also important in the treatment of moderate wasting, as a high-quality protein source with
high levels of micronutrients and no antinutrients is likely to be important for lean body mass accretion.
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The successful treatment of severely malnourished children is based on products with either 100% (F100)
or about 50% (RUTFs) of the protein coming from milk. Milk should also be considered a key ingredient in
the foods used for treatment of children with moderate malnutrition. There is no firm evidence to
determine the minimum amount of milk that would have an impact in treatment of children with
moderate malnutrition. Based on the available data of the effects of interventions with animal foods, it
seems likely that a diet with 25 to 33% of the protein coming from milk would have a significant effect.
However, there is need for studies to determine the minimum amount of milk that will have a significant
effect. The amounts of milk equal to 25% to 33% of the recommended protein intake for children with
moderate malnutrition (24 to 26 g/1,000 kcal [6]) are about 200 to 250 mL of liquid milk or 15 to 20 g of
milk powder or whey protein powder (skimmed-milk powder or whey protein concentrate 34%) per 1,000
kcal.
Milk products
There are many different types of cow’s milk products available, and in the following section the benefits
and problems of using the different types of milk products in the treatment of children with moderate
malnutrition will be discussed.
Liquid milk, i.e., either raw, pasteurized, or ultrahigh- temperature (UHT)-treated milk, is suitable to
give to children with moderate malnutrition. It should preferably be whole milk to provide a suitable
balance between protein and fat intake. Skimmed milk or milk with a reduced fat content (< 2%) should
not be given unless it is balanced with a fat intake that reaches the recommended level. Milk with
reduced fat content also has a high renal solute load in relation to the energy content. A problem with
pasteurized or UHT-treated milk is the high price. In soured and fermented milks such as yogurt, a
Lactobacillus culture converts nearly all the lactose into lactic acid and a curd is formed. Apart from that,
the nutritional content of soured milk is almost the same as that of the fresh milk from which it is made.
Fermented milk or yogurt has many advantages. It keeps better, and the risk of growth of pathogenic
bacteria is reduced. The content of lactic acid bacteria can have probiotic effects, for example through an
influence on the gastrointestinal immune system, and may
reduce the risk of diarrhea. Furthermore, the low pH will improve absorption of iron, and the reduction in
lactose content during fermentation will reduce the effects of lactose intolerance, if present.
Powdered milk is often cheaper and more easily available than liquid milk. The most important problem
with the use of powdered milk is the risk that the powder will be mixed with contaminated water
when it is made into liquid milk. Since milk is a good growth medium, pathogens will easily multiply and
can cause severe diarrhea. If milk powder is used for liquid milk, it should be mixed with boiled water and
used within 1 to 2 hours to avoid contamination and bacterial proliferation. This problem of
contamination is the main reason that many UN organizations [127] and international NGOs [128] have a
policy of never distributing powdered milk as a take-home commodity. Another reason for
not distributing powdered milk is that liquid milk in some situations may be perceived to be an infant
formula and thereby have a negative effect on breastfeeding. The most common types of powdered milk
available in areas with high levels of moderate malnutrition are whole-milk powder, which is often widely
available in tins in local shops, and skimmed-milk powder, which is typically only available in large
quantities (e.g., bags of 25 kg) for producers of food, UN organizations, and NGOs. Because of its high fat
content, the shelf-life of wholemilk powder is limited to a year or less, depending on how it is packaged,
whereas skimmed-milk powder can keep for several years if it is not fortified with vitamin A. Whole-milk
powder can be used for liquid milk if food safety precautions are followed. Skimmed-milk powder should
be used only as an ingredient in other foods, such as blended foods, and should not be used for making
liquid skimmed milk. If skimmed-milk powder is used to make a drink without replacing the fat, the drink
will be unsuited for infants and young children for the same reasons as skimmed milk. The relative
contents of protein and minerals, and thus the renal solute load, will be too high if the fat is removed. This
can be harmful, especially for infants and the youngest children (129)
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“Filled milk” is a powdered product based on skimmed milk and vegetable oil that is sold in some
low-income countries. Typically it is sold in small sachets sufficient for one glass of milk. The main
advantage is that it is cheaper than whole-milk powder. The replacement of milk fat by vegetable oil could
be beneficial from a nutritional point of view, depending on which vegetable oil is added.
Whey powder (13% protein) or whey protein concentrate concentrate (whey protein concentrate with 34%
or 80% protein) is made from the liquid part of milk that remains after casein has coagulated in cheese
production. It is often not easily available locally, but it can be used in programs in the preparation of
special foods or blends for malnourished children, for example. Since it is a product left after cheese
production, it is typically 20% to 30% cheaper than skimmed-milk powder per unit protein, which is an
important aspect in the treatment of children with moderate malnutrition. Whey has a high content of
both lactose and minerals. In whey powder (13% protein), the lactose content is about 70%. Whey
contains many peptides and proteins with potential beneficial effects on the immune system and
muscle synthesis, but this needs to be confirmed in studies of children with moderate malnutrition [129].

Evaporated milks are normally full-cream milks with some water removed, although sometimes the milk
fat is replaced with vegetable oil. Condensed milks are evaporated milks that may be made from whole
milk or from milk from which the fat has been removed. They have a high concentration of sugar (about
45% by weight), which reduces the relative concentrations of protein and other nutrients and makes the
milk unsuitable for use as a drink for infants and young children (see Sugar, below). Some evaporated and
condensed milk is fortified with vitamins A and D. Both types of milk are sold in tins, are expensive, and
should not be used as a drink. However, they can be mixed into porridge and other foods.
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In hard cheeses, most of the whey is removed from the casein curd during processing. Therefore cheese
has a low content of lactose and of all water-soluble vitamins, as they are removed with the whey. If
made from whole milk, these cheeses contain vitamin A, a little vitamin D, and most of the original
calcium. Cheese is expensive and therefore is not a relevant food for children with moderate malnutrition.
Milk from other domestic animals
Most of the animal milk consumed by humans is from cattle. The second highest amount is from buffalo.
Buffalo milk is more concentrated than cow’s milk, with higher energy, protein, and fat contents. Milk
from many other domesticated animals is used for drinks or foods. Table 23 shows the composition of
milk from some milks are more concentrated than others, with higher contents of energy, protein, and fat.
This should be taken into account when calculating the amount to be given to children with moderate
malnutrition.
Some vitamin A and a little vitamin D is present in all milk fats. Some milk, such as goat’s milk, has little or
no folate compared with other milks. The concentration and availability of iron in all milks are low.

Summary
1 Liquid milk and milk powder are good sources of high-quality protein and micronutrients important
for growth.
2 The minimum amount of milk protein needed to improve growth in children with moderate
malnutrition is not known, but a milk content providing 25% to 33% of the protein requirement is likely to
have a positive effect on weight gain and linear growth. However, studies should be conducted to
determine the amount that is cost-effective.
3 200 to 250 mL of milk or 15 to 20 g of milk powder or whey protein powder (skimmed-milk powder or
whey protein concentrate 34%) per 1,000 kcal will provide 25% to 33% of the recommended protein
intake (24 to 26 g/1,000 kcal).
4 Milk is likely to be more effective than meat in treating moderate stunting, as milk has a special effect
on linear growth through stimulation of IGF-1 production.
5 Powdered milk with reduced milk fat, such as skimmed-milk powder or whey protein, should never be
used for preparing liquid milk, because of the high protein content and risk of infection if mixed with
contaminated water, but it can be mixed with blended foods or other foods that are cooked
or heated.
6 Whey contains peptides and proteins that have been suggested to have positive effects compared
with skimmed-milk powder, but these effects have not been documented in children with moderate
malnutrition.
7 The effects of using whey instead of skimmed-milk powder in the treatment of children with moderate
malnutrition should be tested in intervention trials, both because whey protein concentrate is cheaper
than skimmed-milk powder and because of the potential beneficial effects of whey.
8 Whole-milk powder should be used as a drink for children with moderate malnutrition only if it is
prepared under strictly controlled and hygienic conditions.
9 If milk is the only animal-source food given, sufficient iron should be provided in the diet.
10 Fermented milk products should be promoted, as they have advantages over other milk products.

Meat

The word “meat” refers to skeletal muscle and related fat. Muscle tissue has a very high content of
protein, about 20% in fresh and 80% in dried meat. Its protein contains all of the essential amino acids,
and it is a good source of zinc, phosphorus, iron, vitamin B 12, selenium, niacin, vitamin B6, and riboflavin
(table 24).
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Furthermore, it contains the “meat factor”, which enhances nonheme iron absorption. Meat contains no
fiber, has a negligible content of carbohydrates, and has a relatively high content of fat. However, the fat
content of meat can vary, depending on the type of animal and how it was raised, the feed, and the part
of the body. Game (wild) meat is typically leaner than meat from farm animals and has a more favorable
fatty acid composition, with more n-3 fatty acids.
Meat is an expensive food, but the price varies considerably depending on local availability, whether it
comes from cattle, sheep, goats, or pigs, and the cut of the meat. In some countries, dried meat is
available as an alternative to fresh meat. Meat is a very valuable ingredient in diets for children with
moderate malnutrition. The most important characteristic of meat, as compared with the other important
animal-source food, milk, is its positive effects on iron and zinc status
Offal
The edible parts of animals can be divided into meat (i.e., skeletal muscle) and other (nonmeat) parts,
collectively called offal. The offal includes internal organs and external parts. The internal organs comprise
the heart, liver, kidneys, spleen, tongue, and lungs (red offal), and also the brain, marrow, stomach and
intestines, testicles, and thymus (white offal). External parts include the ears, eyes, snout, palate, tail, and
feet. The most important organs are the liver, kidney, and intestines. Liver is a rich source of iron and zinc,
most of the B vitamins including folate, and vitamins A and D and also has a high content of the “meat
factor” (table 24). Liver can also have a high content of contaminants.If liver is available and affordable, it
is highly recommended that small amounts be added to the diet of children with moderate malnutrition.
Even if it is not possible to supply liver daily, it will still be a valuable ingredient even if it is only given one
or two times a month. In a study from Peru, the use of liver in complementary food was an important part
of an educational intervention aimed at parents of infants and young children [131]. Those randomized to
the intervention had higher intakes of iron and zinc, better weight and length gain, and less stunting. The
extent to which offal is used for human consumption differs between cultures. What is considered a
delicacy in one culture may be considered unacceptable in another culture. In low-income countries,
better utilization of all edible parts of animals may considerably increase the intake of important nutrients.
Offal typically has a low market value, and most offal has a high nutritional value. Greater use of
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acceptable and appropriate offal in feeding of infants and young children should be considered, especially
if there is no or very low intake of animal source food.
Blood
Blood from animals is used in foods in some cultures, either as an ingredient in sausages or as a drink with
milk in some populations, whereas it is not accepted in other populations for cultural reasons. Dried blood
or serum has been produced commercially as an ingredient but has not been widely used. However,
where blood or serum is culturally acceptable, it can be a nutritious and cheap ingredient in food for
infants and children with moderate malnutrition, as it is a good source of iron, vitamin B12, protein, and
other nutrients (table 24). In Chile a cereal fortified with bovine hemoglobin concentrate (14 mg of
iron/100 mg of powder) seemed to reduce the risk of iron deficiency when given to healthy breastfed
infants from the age of 4 months to the age of 12 months [132].
Summary
1 The intake of meat or offal should be promoted.
2 Meat is an excellent source of high-quality protein and several important micronutrients and has a
particular positive effect on iron status.
3 Meat is expensive and, in many settings, not easily available, and it has to be prepared in special
ways (e.g., by mincing) to be acceptable to young children.
4 Liver is an exceptionally rich source of iron, zinc, vitamin A, and other nutrients and should be promoted
as an important part of the diet.
5 The potential of increasing the use of offal and blood should be explored, where culturally acceptable,
as these may be a low-cost source of animal food.
Eggs
Eggs from chickens and other birds have a very high nutritional value, as they provide all the nutrients
necessary for a bird embryo to develop. Eggs are often more easily available at the community level than
milk and meat, have a lower cost, and can be bought in small quantities. More than half the energy in
eggs comes from the fat in the yolk; 100 g of chicken egg contains approximately 10 g of fat. An average
chicken egg contains about 5 to 6 g of protein and 4 to 5 g of high quality fat. About 20% of the fatty acids
are PUFAs, with a favorable n-6/n-3 fatty acid ratio of 4 to 5. Eggs contain a significant amount of
cholesterol, about 0.5 g/100 g. However, this is not likely to have negative effects in infants and young
children. Breast milk also contains high levels of cholesterol, which may play a role in early development.
Egg white consists primarily of water and protein (13%) and contains little fat and carbohydrate. Egg
protein is of very high quality, with a PDCAAS of 118%. The most important micronutrients are vitamin A,
thiamine, and riboflavin, and also some vitamin D. Egg contains iron, but the availability is poor, and egg
white also seems to have a negative effect on absorption of nonheme iron from other foods [285]. Giving
one or two eggs a day to a child with moderate malnutrition will be a valuable contribution to the
requirements.
Summary
1 Eggs contain high amounts of high-quality protein and fat, preformed vitamin A, and other important
micronutrients.
2 Eggs are a valuable food to give to moderately malnourished children and should be promoted.
Fish
All fish are a rich source of high-quality protein and provide a range of other important nutrients,
depending on species and processing. The fat content in fish species ranges from less than 1 to more than
30 g of fat/100 g of raw fish. Fatty fish are a valuable source of n-3 LCPUFAs. Small, soft-boned fish that
are eaten with the bones are an excellent source of calcium and phosphorus. Furthermore, fish is a good
source of zinc and bioavailable iron, and fish enhances nonheme iron absorption due to the “meat-factor”
effect.
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In all parts of the world, there is a general consumer preference for large-sized fish. Consequently, small
fish generally have a relatively low market price and are therefore more accessible to the poor. In general,
small sized fish are nutritionally superior to large fish because the edible parts of small fish include more
diverse tissues, such as the head, bones, and viscera, as compared with large fish, where muscle tissue
contributes most to the edible parts. In coastal areas and in regions with rich inland water resources, such
as the large river basins of Asia and Africa (Ganges, Mekong, Nile, etc.), fresh fish is widely available,
strongly impacted by seasonal and annual variation. In such areas, fish is often the main or only accessible
animal food for poor households [133]. The fish species found in the diet in these regions reflect the
biological diversity of the natural environment and typically include a variety of small fish species. As an
example, poor rural households in Bangladesh typically consume more than 50 different fish species over
a year, and a single meal can include mixed batches of 5 to 10 according to availability, market structure,
and the quality of the fish.

Nutritional contribution
The energy density in fish is determined mainly by the fat content and ranges from 80 kcal/100 g of raw
fish in lean fish such as cod and other species with less than 1% fat, to 360 kcal/100 g of raw fish in fatty
fish such as eel, reaching to more than 30% fat in raw fish [134]. In addition to interspecies variation in fat
content, the specific content in fish is also influenced by physiological conditions (e.g., reproductive cycles)
and feeding conditions. For example, the fat content in Peruvian anchovy (Engraulis ringens) after a stress
period due to the El Niño phenomenon fell from 11% fat to less than 1% in raw fish.
The protein content in fish species, with few exceptions, is in the range of 15% to 25%, and most species
are in the range of 18% to 20%. The protein quality is in general high. The PDCAAS has been reported for a
few species as being similar to that of meat, i.e., in the range of 70% to 100%.The fatty acid composition
of freshwater fish varies between different aquatic environments (due to diet, temperature, salinity, etc.).
No data on the fatty acid composition of small freshwater fish species are available, but the lipid quality of
the larger tropical freshwater fish is comparable to that of temperate freshwater fish. Roughly estimated,
the PUFA content of freshwater fish is around 25% of the fat, one- third of which is n-3 PUFA, and half of
the n-3 PUFA is long-chain PUFA. Fish is a good dietary source of micronutrients, especially iron and zinc.
A proportion of the iron, ranging from 30% to 80%, is present in highly bioavailable forms, such as heme
iron or other high-molecularweight organic compounds, such as ferritin. In general, the iron content in
fish is less than that in red meat and is similar to the content in chicken and pork [135]. The specific iron
content varies with species and with the cleaning practices that determine which parts of the fish are
edible. Some small freshwater fish species of the genus

Esomus

Amblypharyngodon mola

Esomus have been found to have an iron content (12 mg/100 g of edible parts) four to five times higher
than that of other small species from the same aquatic environment [136]. Small, soft-boned fish are a
good calcium source. The bioavailability of calcium from the soft-boned species Amblypharyngodon mola,
which is one of many commonly consumed small fish species in South Asia, has been shown to be similar
to the bioavailability of calcium from milk [137]. The acceptability of consumption of bones is determined
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by the “hardness” of the bones, and “hard-boned” small fish species contribute less dietary calcium
because the bones are discarded as plate waste [138]. In table 25, the calcium contribution from small
fish is corrected by a “plate waste factor” to compensate for the measured calcium content of bones
discarded as plate waste. Fish liver is well known as a rich source of vitamin A and D, while fish muscle
tissues have low contents of these vitamins. The vitamin A content in small fish has been shown to vary by
a factor of more than 100 between species. In vitamin A–rich species, a large proportion of the vitamin A
is located in the eyes of the fish, and the traditional cleaning practices as a determinant of the edible parts
are therefore a crucial parameter for the dietary contribution of vitamin A from such species . Vitamin A in
fish is present in two forms: vitamin A1 (retinoids) and vitamin A2 (dehydroretinoids). The biological
function of vitamin A2 is calculated as 40% of that of vitamin A1. There are only a few intervention studies
with fish in children. In a study in Ghana, moderately malnourished children were fed a maize-based
complementary diet with powdered dried fish (20% on a dry weight basis) added to either a traditional
maize porridge, koko, or a complementary food, Weanimix, which contained 75% to 80% maize, 10% to
15% soybeans or cowpeas, and 10% peanuts [298]. Other groups received either Weanimix alone or
Weanimix with a micronutrient supplement. The children were fed the diet from 6 to 12 months of age.
The growth of the children was similar in all groups, but they all received a diet with improved protein
quality. Also, powdered dried fish did not improve the iron stores of the children. In a recent study from
South Africa, schoolchildren were given a bread spread with fish flour from a marine source or a placebo
spread. Those receiving the fish spread had an improvement in verbal learning and memory.
Processed fish
Processing technologies to expand the shelf-life of fish are drying, salting, smoking, and fermentation.
Icing and freezing for preservation of fish are rarely an option in low-income countries, and if a cooling
chain is available, there is an inherent problem of ensuring that it is intact from the producer to the end
user. All fish-processing methods affect the organoleptic qualities (taste, smell, and appearance) as well as
the nutritional quality of the fish.
Sun-drying.
Sun-drying of fish is widely practiced in Asia and Africa, and dried fish is in most cultures an accepted
ingredient in mixed dishes. The organoleptic quality of traditional sun-dried fish is highly variable, and
caution should be exercised to identify suppliers of products of good quality The nutritional value of dried
fish is similar to that of fresh fish for protein, fat, and minerals (iron, zinc, and calcium), whereas for
species with a high vitamin A content, the vitamin A is almost totally destroyed by sun-drying [139]. Small
dried fish can be ground to powder and added to foods such as porridge. Dried fish is available in many
settings and is an affordable animal food that can be added to diets of children with moderate
malnutrition.
Salting.
Salting is widely used for preservation. The salt in fish can be washed out before use, and the original
nutritional composition is largely reconstituted. The food safety of salted fish is a concern, as
contamination with pathogenic bacteria is a risk, particularly when the fish is processed in a warm
climate without cooling opportunities. Even if most of the salt is washed
out, there will still be a relatively high content of salt, making salted fish an inappropriate food, since the
salt content in the diet of malnourished children should be kept low [6] .
Fermenting.
A large number of traditional fermented fish products are known in most fish-producing regions in the
world. Traditional processing methods are highly variable, ranging from light salting of products with a
few days of shelf-life to processing with a higher level of salting of products that are preserved for several
months. The nutritional value of fermented fish products is comparable to that of fresh fish. However, the
suitability of fermented fish in diets for children with moderate malnutrition has to be considered in
terms of the organoleptic qualities of the products and the cultural habits for the specific local products,
and in terms of food safety issues
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Food safety is related to the risk of growth of pathogenic bacteria, and also in some regions, especially in
Asia, to the risk of infections with fishborne zoonotic parasites such as liver flukes [140]. The risk of
infections with fishborne zoonotic parasites is eliminated by heating the fish and is therefore relevant only
if a fish product is consumed raw or insufficiently heated. Raw, fermented fish may contain thiaminase,
which can reduce the effect of thiamine pyrophosphate. Thiaminase is destroyed by heating [141]. Tinned
fish. is a convenient substitute for fresh fish. Fat fish such as tuna and mackerel are energy dense,
especially when preserved in oil. The nutritional profile of tinned fish is largely similar to that of fresh fish,
but the lipid profile can change slightly in the tinning process and after 3 to 6 months of storage. Tinned
fish cannot be stored after opening because of the risk of bacterial contamination.
Fish protein concentrate.
Fish protein concentrate is a powdered product made from whole fish, with a high protein concentration.
However, fish protein concentrate is not well adapted for human consumption, because the taste and
smell are unacceptable, even in refined products. Decades ago, fish protein concentrate was considered
for use as a protein supplement for malnourished children. In one early study, fish protein concentrate
was compared with skimmed milk for the ability to induce weight gain and rehabilitation in children
suffering from kwashiorkor. It was concluded that fish protein concentrate had an impact largely
comparable to that of skimmed-milk powder, but the fish protein concentrate diet was not well accepted
by the majority of the children. In a similar study in measles-infected children, the tolerance of the fish
protein concentrate diet was reported to be acceptable, and the nutritional value was comparable to that
of milk powder. However, at present, there are no practical applications of fish protein concentrate in
feeding children with moderate malnutrition, due to its organoleptic qualities.

Contamination
The accumulation of mercury in fatty fish is a potential health risk. Some high-income countries have
issued guidelines for restricted intake of fatty fish by pregnant women and children to avoid exposure to
toxic substances such as mercury. Accumulation of polychlorinated biphenyls (PCBs), lead, arsenic, and
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cadmium in fish stocks may pose a health hazard. Fish originating from polluted environments may be
safe for consumption, especially lean fish with a short life cycle that are less likely to accumulate
contaminants. The main contamination risks are from carnivorous fatty fish with long life cycles, such as
tuna; in feeding children with moderate malnutrition, caution should be exercised to avoid high and
frequent intake of tinned tuna or mackerel, for example, unless the product is known to have a low level
of contamination. Many small freshwater and coastal fish are lean with short life cycles, which prevents
the accumulation of most potential contaminants. The use of pesticides in agricultural production may
be hazardous to fish living in rice fields. It is usually not a major problem in other settings. Caution should
be exercised in the use of toxic substances in local postharvest preservation, such as the use of DDT to
prevent insect infestation during sun-drying of fish or the use of diluted formalin for preservation of
“fresh” fish. These contamination risks should be avoided by using trustworthy suppliers.
Summary
1 Fish is a good source of high-quality protein, n-3 fatty acids, and micronutrients.
2 Small fish that are consumed whole are an especially good source of highly bioavailable calcium, iron,
zinc, and vitamin A.
3 Vitamin A is NOT preserved in sun-dried fish.
4 Fillets from large fish have low to moderate levels of iron and zinc.
5 Fish enhances absorption of non heme iron. The enhancing effect is about half that of meat.
6 Fish is beneficial to add to the diet as an animal source food, replacing meat. The nutritional impact
of adding small amounts of fish (10 to 50 g) to a meal remains to be documented.
7 The issues of food safety and contamination should be considered if fish are used in the diets of children
with moderate malnutrition.

Oils and fats
Vegetable oils and fats are important ingredients in the diet of children with moderate malnutrition. They
are expensive ingredients, and often the intake is low in populations with high rates of malnutrition. Apart
from being low in fat, the basic diet of malnourished children appears to be specifically low in n-3 PUFAs,
whereas many of the oils and staple foods supply some n-6 PUFAs (Tables 12, 15, and 26). These aspects
are discussed in the sections on Fat Composition of the Diet which also include the recommendations for
intakes of n-6 and n-3 PUFAs for moderately malnourished children (5 g of n-6 PUFA/1,000 kcal and 0.55 g
of n-3 PUFA/1,000 kcal). In this section, the characteristics and the role of oils and fats in diets for
moderately malnourished children are discussed. The potential health effects of an optimal intake of
PUFAs and the large variation in PUFA content of different vegetable oils make the source of vegetable oil
used in foods for children with moderate malnutrition important.
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Food declarations often do not mention the kind of vegetable oil that is used. This is not satisfactory. The
source and amount of fat should be declared in processed foods used for children with moderate
malnutrition.
Some of the oils that are frequently used in low income countries, such as palm oil and coconut oil,
have a high content of saturated fatty acids. These fatty acids provide a good source of energy but do not
provide essential fatty acids. The potential negative effect of a high intake of saturated fat, which is a
concern in high-income countries, is not likely to be a problem in the treatment of malnourished children.
Palm oil is characterized by a high content of palmitic acid (about 45%) and has a very low content of n-3
PUFAs and thus a high n-6/n-3 PUFA ratio of about 45. Unheated palm oil is red because of a high content
of β-carotene. Palm kernel oil, which is made from palm seeds and not palm fruit, as is palm oil, has a very
different fatty acid composition. As in coconut oil, more than 80% of the fatty acids in palm kernel oil are
saturated fatty acids; most of these are the medium-chain fatty acids lauric and myristic acid, and only
about 8% is palmitic acid. Compared with red palm oil, palm kernel oil and coconut oil have much lower
contents of oleic acid and PUFAs. Most other common vegetable oils have a high content of either oleic
acid (18:1n-9), linoleic acid (18:2n-6), or both (table 26). Oleic acid acts as a competitor in the metabolic
processing of the essential fatty acids, linoleic acid and α-linolenic acid (18:3n-3), and as such can to some
extent possibly spare the essential fatty acids for their essential functions

Kernel and mesocarp
Source of resp.coconut and palm oil

rapeseed field
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flaxseed=linseed oil

Most other common vegetable oils have a high content of either oleic acid (18:1n-9), linoleic acid (18:2n6), or both (table 26). Oleic acid acts as a competitor in the metabolic processing of the essential fatty
acids, linoleic acid and α-linolenic acid (18:3n-3), and as such can to some extent possibly spare the
essential fatty acids for their essential functions. The oleic acid–rich oils may thus be a good choice to use
with other more essential fatty acid rich oils. Only a few of the common vegetable oils contain a
significant amount of α-linolenic acid; the most common is soybean oil, but canola (rapeseed) oil, walnut
oil, and flaxseed oil also contain significant amounts. However, none of these vegetable oils contain n-3
LCPUFAs (eicosapentaenoic acid and docosahexaenoic acid), which are only supplied in large quantities
from marine foods. The n-3 PUFA–containing oils may be the best choice for malnourished children. The
needs for n-3 PUFAs could be fulfilled either by giving soybean oil as the main fat source or by supplying
some flaxseed oil in combination with a vegetable oil that is available and affordable. To supply the 0.55 g
of n-3 PUFA/1,000 kcal needed, 5 mL of rapeseed oil/1,000 kcal or 8 mL of soybean oil/1,000 kcal is
needed. To cover the requirements of n-3 PUFA with other vegetable oils with lower n-3 PUFA content is
not realistic. For corn oil it would take 70 mL of oil/1,000 kcal, and the recommended n-6/n-3 ratio would
never be reached if large quantities of corn oil were used.
Soybean oil is of high quality, as it contains a high proportion of unsaturated fatty acids; the most
important ones being: PUFAs; linoleic acid, α-linolenic acid, and oleic acid (18:1n-9). Soybean oil contains
a high amount of n-6 PUFA, less n-3 PUFA, but compared with other oils a relatively high content of n-3
PUFA (100 g of soybean oil contain 7 g α-linolenic acid and 51 g of linoleic acid) resulting in an n-6/n-3
PUFA ratio of 7, close to the recommended ratio of 6 [6]. In comparison, flaxseed oil, also called linseed oil,
has a very high n-3 PUFA (α-linolenic acid) content and thereby a n-6/n-3 PUFA ratio of 0.2. The n-3 PUFA
content of rapeseed oil (canola oil) is between the two with respect to the ratio between n-3 PUFA and n6 PUFA; it has a high content of oleic acid and is used increasingly as the main vegetable oil in many
European countries. Corn oil, sunflower oil, grapeseed oil, and peanut oil are unbalanced sources of
essential fatty acids, with high amounts of n-6 PUFA and only a little n-3 PUFA. Using these oils will make
the essential fatty acid intake more unbalanced.
Rapeseed oil may have high levels of erucic acid, which may have negative health effects, but some types
of rapeseed oil, such as canola oil, have low levels of erucic acid. The European Union directive for the
composition of infant formula states that the amount of erucic acid should not be above 1% of the total
fat content. It therefore seems reasonable to adopt the same limit for infants and children with moderate
malnutrition. Flaxseed oil has traditionally been used for wood finishing but is now becoming a more
common food supplement sold in health-food shops. It is rapidly oxidized and may produce toxic
oxidation products if antioxidants are not added. Although flaxseed oil is a rich source of n-3 PUFA, it
should not be used for infants and young children before potential negative effects have been examined
further. Palm oil, soybean oil, and rapeseed oil are among the oils produced in the largest amounts
globally. There are only moderate differences in price among the three types of vegetable oil used
commonly by the World Food Programme: soybean oil, palm oil, and sunflower oil. Based on prices from
January 2009, the cheapest oil was palm oil (about US$800/ton), with soybean oil and sunflower oil being
about 20% more expensive and rapeseed oil about 30% more expensive. To cover the PUFA requirements,
soybean oil or rapeseed oil, which at present is only about 10% more expensive than palm oil, are the
best choices. Vegetable oils can be hydrogenated to produce a solid or a semisolid fat, which can have
technical advantages in food production, such as in baking. When a vegetable oil is hydrogenated, the
unsaturated fat is transformed into saturated fat, which increases the melting point of the fat. If the
vegetable oil is only partially hydrogenated, trans-fatty acids are produced, which seem to have several
adverse health effects, especially on cardiovascular risk factors, and may counteract the effects of cisunsaturated fatty acids [313]. Partially hydrogenated fat is not allowed in the Codex Alimentarius
standard for cereal-based infant foods [314]. Thus, partially hydrogenated vegetable oils should not be
used in diets for children with moderate malnutrition. The most common animal fats include butter, ghee,
lard, and fish oil. Ghee is boiled, clarified butter without the protein from the butter, and lard is pure fat
from the pig. Lard has considerably more n-3 PUFA than butter (table 26), and both lard and butter have
n-6/n-3 ratios of 9 to 10, which is within the recommended range. However, it is not realistic to cover the
requirements of PUFA from these fat sources, since too large amounts would be needed. Fish oil has a
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very high content of n-3 PUFA, about 35%. To cover the recommended intake of n-3 PUFA, only about 1.5
mL of fish oil/1,000 kcal is needed. Since fish oil contains n-3 PUFA in its long-chained forms,
docosahexaenoic acid and eicosapentaenoic acid, this amount is likely to be more effective than
equivalent doses of n-3 PUFA with only α-linolenic acid.
Summary
1 Vegetable oils are important ingredients in diets for malnourished children, as they supply both energy
and essential fatty acids.
2 Soybean and rapeseed oil are the oils that best cover the requirements of PUFAs at a reasonable cost. »
Adding about 15 mL (1 tablespoon) of soybean oil daily to the diet of a malnourished child will cover the
requirements of essential fatty acids and will supply about 10% of the energy requirements.
3 If vegetable oils with low contents of n-3 PUFAs are used, the n-3 PUFA requirements could be covered
by adding small amounts of fish oil.
4 The source of vegetable oil used in processed food for children with moderate malnutrition should be
declared.
5 Partially hydrogenated vegetable oils should not be used in diets for children with moderate
malnutrition because of potential adverse effects of trans-fatty acids .
Ingredients
Sugar

Sugar contributes only energy and no other nutrients, such as vitamins or minerals. Brown sugar, which
typically is a mix of white sugar and molasses, contains some iron and calcium. Molasses contains 4.7 mg
of iron and 205 mg of calcium per 100 g [27], but it constitutes only about 5% of brown sugar and is not
available at a reasonable price. The energy content of sugar is a little less than half that of fat. Still, added
sugars have a relatively high energy density compared with many other foods, since the water content of
sugar is zero. Adding sugar to foods increases the energy density but at the same time decreases the
nutrient density and increases the osmolarity. The higher energy density is likely to have a positive
influence on energy intake, an effect that is worrying in high-income societies with a growing prevalence
of obesity. In the treatment of children with wasting who have an increased energy need, this increase in
energy intake is an advantage. Adding a high sugar content to diets for children with moderate stunting
who need treatment over a long period may impose a risk of overweight. Another important aspect of
added sugar is how it affects taste. The sweet taste is likely to improve the palatability and thereby the
acceptability of the food. Adding sugar may therefore help to increase energy intake both through
increased energy density and through an improved taste, an effect that may be especially important in
situations where bulky foods are fed or appetite is poor. However, when sugar is used for a longer period
of time, there is a risk of reinforcing a preference for sweet foods, resulting in too high an energy intake
later in life. Adding sugar to a food or a diet reduces the nutrient
density, as it provides no vitamins and minerals. Studies from high-income countries have shown
that a high sugar intake (above 15 E%) has a negative influence on certain important nutrients, such as
zinc, where the nutrient density (mg/10 MJ) was below the recommended level [142.143]. In 2003, the
report of a Joint WHO/FAO Expert Consultation on Diet, Nutrition and Prevention of Chronic Diseases
[144] recommended that added sugar intake should not go above 10 E% at the population level. There are
no firm scientific data to support the level of 10 E%, but rather it has been chosen as a prudent level. In
treating children with moderate malnutrition, 10 E% seems to be a reasonable maximum level. If more
than 10 E% is added to a food or diet, there is a need to ensure that the content of vitamins and minerals
is sufficient. In treatment of moderate wasting for a limited period, a content higher than 10 E%, but not
more than 20 E%, may be acceptable. Sugar adds considerably to the osmolarity of the food, which should
also be taken into consideration. A high and frequent intake of sugar over a long time may increase the
risk of caries, especially in situations with poor oral hygiene [144]. However, this may not be important
during shorter periods of rehabilitation. Giving a diet with a high sugar content over a long period may

56

also make it difficult for the child later to accept a diet with no or very low sugar content. This problem,
which has been observed after treatment of severe malnutrition, should be investigated further.
Summary
1 Adding sugar increases energy intake by increasing energy density and improving taste but reduces the
nutrient density of the food.
2 Adding sugar may increase the risk of caries.
3 The amount of sugar should generally not exceed 10 E%, although 20 E% for up to a few weeks may
be acceptable for treatment of wasted children.
Salt
Malnourished children have only a low requirement of sodium, since they are in a sodium-retaining state
[6]. A high sodium intake will increase the renal solute load, which may result in hypernatremic
dehydration. Furthermore, a high sodium intake may result in heart failure. Sodium adds taste to a meal,
but this is not likely to be important for infants and young children.
Thus, there is no need to add salt (sodium chloride) to the diet of an infant or child with moderate
malnutrition. Salt is used as a vehicle for iodine fortification, but children should have their iodine
requirement covered in another way.

Summary
1 Salt (sodium chloride) should not be added to the diet of children with moderate malnutrition.

Appetite
All efforts have been done to provide foods to these malnourished children will end up without result if
the food is not consume well. A. good appetite is one of the significant factors to achieve our goal.
There are some studies suggesting that different foods have different effects on appetite, apart from the
effect of the energy content. This is an area that has been studied in detail in relation to obesity, but it is
also an area that is relevant for malnutrition [145]. To our knowledge, there is not much information
available on appetite in relation to treatment of malnutrition, although this is an area with potentially
high importance. Some studies suggest that a high protein content in a diet will have a negative effect on
energy intake [145], which could be an important reason, apart from cost, not to have too high a protein
content in diets for malnourished children. It has also been suggested that beans can have a negative
effect on appetite, which may be caused by colonic fermentation of oligosaccharides that produces
discomfort because of gas production and slowing of gut transit time [146]. This could be another reason
for not using or using only small amounts of beans and other legumes in diets for children with moderate
malnutrition. Other foods have been suggested to influence appetite less than would have been expected
from the energy content. Some studies have shown that liquid sugar, as in soft drinks, and especially
fructose–glucose syrup, has a limited effect on appetite and may therefore result in increased energy
intake and weight gain [147.148. However, liquid sugar is not suitable for long-term use in children with
moderate malnutrition.
Summary
1 Some foods have an influence on appetite (positive or negative) beyond the effect of the energy content.
2 Research is needed to assess the effects of different foods, ingredients, nutrients, and dietary diversity
on appetite among malnourished children.
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Conclusion
The WHO approach to provide treatment of severe acute malnutrition in an inpatient feeding center with
an inpatient ward, however we are limited by a lack of facilities, the cost, the insufficient supply of trained
medical personnel and poor access to health care facilities for these mountain villagers. An alternative is
to provide a Community-based therapeutic care (CTC) and emphasizing a decentralized and low-cost
model of care. CTC is not limited by adequacy of local health care services. Key components of the CTC
approach are:
1. Decentralized design and community involvement, to minimize geographic barriers and
encourage early presentation and compliance.
2. Early intervention for moderate acute malnutrition, to prevent progression.
3. Use of simple protocols and supplies, including Ready to Use Therapeutic Food (RUTF).
Literature shows that between 2001 and 2005, an increasing number of countries and relief agencies
adopted this approach with remarkable success. Children with severe malnutrition, with or without
edema but with a good appetite, were effectively treated as outpatients; children with anorexia or
complications were initially treated in inpatient programs Recovery rates were nearly 80 percent, case
fatality rates were 4.1 percent and, thus, equivalent to the rates on the WHO protocol, but "coverage"
rates (ability to reach the population in need) were increased to 72 percent. As a result, CTC has become
the preferred approach for emergency relief programs. The approach is also increasingly adopted for
larger non-emergency programs, such as those in Malawi and Ethiopia and is now recommended by the
WHO for uncomplicated cases of severe acute malnutrition. As their strategy they provide Ready to Use
Therapeutic Food (RUTF). RUTF is food supplement in the form of bars that are of high nutritional quality,
inexpensive, easily transportable, and have minimal waste. RUTF was developed from a mixture of
peanuts, sugar, oil, and powdered milk, supplemented with a vitamin and mineral mixture. It has a high
energy density. Because of low water content, RUTF can be kept unrefrigerated for several months and is
thus ideal for outpatient use. A systematic review concluded that RUTF (also known as a lipid-based
nutritional supplement, LNS) or other specially formulated food increased the recovery rate by 29 percent
for children with moderate acute malnutrition. On average severe malnourished children will gain and
normalize their weight after 8 weeks treatment with the RUTF. Another relevant aspect to use RUTF as
treatment for acute malnutrition in low resource places is the safety, without using water to prepare the
food before consumption it lowers the risk of infection by contaminated water.
However despite the availability of RTUF worldwide and our attempt to work with RUTF, currently there is
a chance that we are not able to provide RUTF to the children as therapy for their malnutrition. Therefore
as alternative we need to prepare the self-made food using the local ingredients. Regarding the
component of the food to be provided to acute malnourished children we try to use the ingredients used
to make RTUF, F-75 and Plumpy Nuts as much as possible. After these children gain and normalize their
weight we will guide villagers to prepare well balanced diets with the recognized and recommended
requirements to maintain their health.
The important issues we need to consider are the cost effective required ingredients to prepare the food,
non-animal and animal source food, which non-animal source food can be grown in these mountainous
villages with the long lasting dry season of 6 months per year and which animals to hold in their animal
husbandry, preferable with short reproductive cycles. Although animal source food is more expensive for
the treatment of malnutrition and children growth we should not replace them with the cheaper nonanimal food source. Young malnourished children who often have a vulnerable gastrointestinal tract are
more susceptible to the negative effects of anti-nutrient such as phytate and especially the non-soluble
fibers and their older fellows. Despite the essential nutrition value of the non-animal source food, many
contain fiber with its anti-nutrient. We need to take into account that plant based foods such as unrefined
cereals and legumes which are relatively cheap and available. The anti-nutrient effect however can be
reduced through food processing such as soaking, malting and fermentation. Milling reduces the content
of both nutrients and anti-nutrients as both are high in the outer layer of grains. The optimal degree of
milling is therefore a balance of keeping a high content of nutrients and removing as many of the antinutrients as possible. The fat content thus the energy density is low in traditionally plant based diet, while
it is known that increasing the fat content is the way to increase the quality of the diets of malnourished
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children the recommended fat energy percentage is >30E%. Besides the fat quantity, we need to pay
attention to the fat quality in the diets of malnourished children, especially the n-3 fatty acids which are
low in plant based diet, the ratio between n-6 PUFAs and n-3 PUFAs respectively should contain 4,5E%
and 0.5E%. These could be found in soybean, rapeseed oil and fish, which have high contents of n-3 fatty
acids. Animal source food, as milk, meat and eggs contain minerals which are important for growth (Zinc,
Phosphate) and high quality protein without anti-nutrients. If available, milk is likely more effective than
meat in treating especially the stunting malnourished children as it has its special effect on linear growth
through stimulation of IGF-1 production. There is also animal source food that is cheaper and valuable
such as fish especially small fish which can be eaten whole and therefore have a high nutrient content.
Offal is another alternative, it is often underutilized however if culturally acceptable it is valuable.
As consequence of this out- patient program, we could be exposed by a logistic issue which requires our
consideration, the so called sharing phenomena. We could provide RUTF as medicine, the therapy of
malnutrition and emphasize that parents should not share the therapy with their other non acute
malnourished children, however in case we are not able to work with RUTF and need to provide the selfprepared meal with the content similar as RUTF, we may face a greater chance that parents with low
income will let their acute malnourished child share the meal with their sibling. We need to take these so
called sharing phenomena into account especially concerning the duration of the treatment required to
achieve the weight gain and our budget.
We could prevent the sharing phenomena by providing the meal and let the acute malnourished children
consume their meal at the nutrition center; however it will only work after parents give their consent. As
a backup plan to prevent the sharing phenomena, we could provide the siblings who come along to the
nutrition center healthy snacks such as fresh fruit or roasted sunflower seeds to supply their
micronutrition.
To realize this program we firstly need to prepare our staff and provide them the basic knowledge about
nutrition in detail so that they are able to prepare the required food and in the later phase to guide the
villagers to make the choice of the ingredients to prepare the nutritious food for a balanced diet. We also
need to improve the infra-structure in the villages and encourage the villagers to participate in the
program. The very first basic requirement is the equal distribution of clean running water all year round to
grow nutritious vegetables and to hold an animal husbandry. Mr. J.F. Bowden, an architect and Mr. P.
Purnell-Edwards, a water engineer, are supporting us in this field. For the agricultural issues we receive
support from Mr. T. Wiedemann, an agricultural engineer. For their contribution I refer to their Liangshan
Water report and the Framework analysis for interventions to address the malnourishment of children.
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THE WORKBOOK

The content and RUTF as recommended by WHO, our schedule and its budget
To catch up growth and gain weight
To correct mineral imbalance
F-75

Day dose: 100 kcal/kg body weight = 130 ml/kg body weight

Workbook table 1.
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Plumpy Nuts

Day dose: 200kcal/kg body weight

Workbook table 2.
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For those with moderate malnutrition and to maintain their normal weight and growth after treatment
with Plumpy Nut
We choose Plumpy Sup beyond Plumpy Doz due to poor facility and hygiene issue in the villages.

Plumpy Sup

Day dose: 75 kcal/kg body weight

Workbook table 3.
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The schedule of therapy using RUTF
Time line for XIDE:
Time
Phase 1
Group 1
Mid June- early
November
2013

Phase 2
D1-D12-D68
Catch up of growth and gain
weight

Group 2

2 weeks later than Group 1

The same as Group 1

Phase 3
Continuation
Of 10 mo. duration of
treatment till D 368
Maintenance and prevention
of recurrence of malnutrition
2 weeks later than Group 1
With treatment end 2 weeks
later than the end of Group 1

Workbook table 4.

Timeline for Jinyang and Butuo
Time
Phase 1
2nd January 2014end March 2014

Phase 2
D1 3 months later than D1
of Xide
Workbook table 5.

63

Phase 3
end 10 mo. treatment 2
weeks later than Group 1

Budget (in calendar year)
Village/Year
Xide

Therapy of AM

Mainteance and
prevention of
recurrence
of AM

Jinyang

prevention of
deterioration of CM
children < 6 years
who
are not acute
malnourished
Therapy for AM

Butuo

Mainteance and
prevention of
recurrence
Of AM
prevention of
deterioration of CM
children < 6 years
who
are not acute
malnourished
Therapy for AM

Puge,
Ganluo,
Luding

Budget
per year
TOTAL

July 2014-2015
F-75 (d1- d12 days):
20/50x209xUS$ 7.52=
US$ 628,67

2015-2016

Plumpy Nut 56 days,d13-68 till
mid Sept
20/50X1545.6xUSS$ 6,18=US$3
821
Plumpy Sup 10 months:
3.5 months
20/160 x 3.5/10
x13248xUS$5.86=
US$ 3396,50
Plumpy Sup 10 months:
3.5 months
20/160 x 3.5/10
x13248xUS$5.86=
US$ 3396,50
F-75 start October 2014
15/50x 209x US$7.52=US$ 472
Plumpy Nut till mid December
15/50x1545,6xUS$ 6.18=US$ 28
66
15/160x0.5/10x13248xUS$ 5.86
=US$ 364

20/160x0.5/10x13248xUS$ 5.86
=US$ 485

Mainteance and
prevention of
recurrence
Of AM
prevention of
deterioration of CM
children < 6 years
who
are not acute
malnourished
prevention of
deterioration of CM
children < 6 years
who
are not acute
malnourished

20/160 x 6.5/10x 13248x
US$ 5,86=US$6308
(till mid July)

20/160 x 6.5/10x 13248x
US$ 5,86=
US$6308
(till mid July)

i5/160x9,5/10x13248x
US$5,86=US$ 6914
till mid October
20/160x9.5/10x13248xUS$ 5.86=
US$ 9215

F-75 start January 2016
15/50x209xUS$ 7.52=
US$ 472
Plumpy Nut till mid March
15/50x1545.6
xUS$ 6.18=US$ 2866
Plumpy Sup from mid March
15/160x9.5/10x13248x
US$5.86=US$ 6914

Jan-mid January 2016
15/160x0,5/10x1324
8xUS$ 5.86=US$ 364

35/160x9.5/10x13248x
US$5.86=US$ 16133

35/160x0,5/10x1324
8xUS$ 5.86=US$849

Start in June 2015
35/160x7/10x13248x
US$5.86=US$ 11888

Till end March
35/160x3/10x13248x
US$5.86=
US$ 5095

US$ 15429,67

US$ 67018

Workbook table 6.
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2016-2017

US$ 6308
US$ 88755

Budget (in financial year)

Workbook table 7.
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Self-prepared food, with the content as recommended by WHO
Target: to correct micronutrition deficiency

Alternative for F-75 if milk is unavailable
Use precooked corn-soya blend (CSB) or wheat-soya blend (WSB)
CSB or WSB 50 g
Sugar 85 g
Oil 25 g
20 ml electrolyte/mineral mix
Make up to 1000 ml with (boiled) water
Average Body Weight 15kg, feeding duration 12 days,
Dose: 100Kcal / body weight/day=130 ml/body weight/day
Per child per day: 15kg x 130 ml=1950 ml
For 50 children and 12 days duration: 50 X 1950ml (counted as 2000ml) x 12 = 1200.000 ml=1200 liters

Based on the following prices: (info from Jidi, Cheng Gong and Sebastian)
1 kg wheat RMB: 4
1 kg oil: RMB 20
1 kg sugar: RMB 8
18 liter water: RMB 13 (1 liter water: RMB 0.72)
Vitamins and minerals without iron: HK$ 138 /50ml = RMN 108 (1 HK$=0.78 RMB)
For 1200 liters we need:
Wheat
1200 x 25g= 30.000g = 30 x RMB 4=
Soya
1200 x 25g=30,000=30 x RMB 15=
Sugar
1200 x 85 g= 102.000 g= 102 x RMB 8=
Oil
1200 x 25 g= 30.000 g= 30 x RMB 20=
RMB 600
Water:
1200 liters=1200 x RMB 0.72=
RMB 864
Micro nutrition:
2,5 ml per child per day
For 50 children during 12 days feeding: 50 x 12 x 2,5 ml= 1500 ml, 1500/50 x RMB 108=

RMB 120
RMB 450
RMB 816

RMB 3240
Total:

RMB 6090
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The recommended content of food for malnourished children
Plumpy Nut: 200kcal/kg body weight for 8 weeks

Workbook table 8.
The choice of food to distribute after the correction of micronutrition.
The food requirements similar as the content of Plumpy Nuts and the quantity of the food source
available in Xide:
Energy requirement to catch normal weight 200kcal/kg body weight per day
A
The required
quality
of the food

Protein (10% of
total energy)
% of milk proteins
Soy flour
Oat, rolled

B
The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

C
The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

12.1 g
>50%

2,43 g

Buckwheat
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D
Available
food
source
in this
village

E
Content of
sort
macro/micro
N in g per
100g

F
Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

kcal

37g/100g
13.2g/100g

2.43/0.37=6.5g
2.43/0.132=18.5g

13,25g/100g

2.43/0.132=18.5g

The required
quality
of the food:
macro and
microntrition

Rice (white Tice
polished, raw)
Kale leaf raw
Spinach
Guava
Potato raw
Sweet potato
Banana
(aver. 1
banana=135g)
Orange
Aver.1
orange=140g)
Chicken
Goat
Rabbit
Lean pork
Lean beef
Fish, e.g
Amblypharyngodo
n mola
Egg (aver weight 1
egg, 65g)
Cow Milk
(human milk 1g
protein/100ml)
Lipids (45% of
total energy)
Peanut dry
Beef fat
Avocado (aver.
weight 1
avocado,150g)
Egg
Pork fat
Goat
Rabbit
Duck
Chicken
Fish,
Amblypharyngo
don mola

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

The
chosen
food
source

√

√

29.9

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

8.4g/100g
3.3g/100g
2.86g/100g
2.6.g/100g
1.9g/100g
1.3g/100g

2.43/0.084=29g
2.43/0.033=74g
2.43/0,0286=85g
2.43/0.026=93g
2.43/0.019=127g
2.43/0.013=187g

1.1g/100g

2.43/0.011=220g

0.9g/100g

2.43/0.009=270g

31.2g/100g
27.1g/100g
26.9g/100g
22.2g/100g
21.7g/100g
16-18g/100g
raw fish

2.43/0.312=8g
2.43/0,271=9 g
2.43/0.269=9g
2.43/0.222=10.9 g
2.43/0.217=11.1g
2.43/0.16=15g

5-6g/100g

2.43/0,05=48.6g

3.2g/100ml

2.43/0.032=76ml

42.7g/100g
28.4g/100g

6/0.427=14g
6/0.284=21g

15.4g/100g

6/0.154=38.9g

10g/100g
9.6g/100g
9.2g/100g
8.9g/100g
5.1g/100g
4.6g/100g

6/0.10=60g
6/0.096=62,5g
6/0.092=65.2g
6/0.089=67.4g
6/0.051=117g
6/0.046=130g

4.4g/100g

6/0.044=136g

kcal

6g
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The required
food:
macro and
micronutrition

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

Maize, meal
wholegrain
white.yellow
Pork lean
Pumpkin leaves
Spinach
Potato,raw
Sweet potato, raw
Fatty acid n-6
(% of total energy)
Fish oil
Canola/rapeseed
oil
Soybean oil
Maize oil
Olive oil
Palm oil
Sunflower
Coconut oil
Fatty acid n-3
(% of total energy)
Fish oil
Canola/rapeseed
oil
Soybean oil
Maize oil
Olive oil
Palm oil
Sunflower oil
Coconut oil
Caarbohydrate

Fibre contain
Rice,white
polished
Wheat ,flour
white 60%
extraction

7%= 4g

0.7%=0.35g

45g
36% of total
energy
<5 %

The
chosen
food
source

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

3.6g/100g

6/0.036=166g

1.9g/100g
0.4g/100g
0.39g/100g
0.3g/100g

6/0.019=315g
6/0.004=1500g
6/0.0039=1540g
6/0.003=2000g

0.3g/100g

6/0.003=2000g

3.6g/100g

0.8/0.036=22.2g

22.1g/100g
50.4g/100g
53.2g/100g
9.8g/100g
9.1g/100g
3.6g/100g
1.8g/100g

0.8/0.221= 3.6g
0.8/0.504=1.6g
0.8/0.532=1.5g
0.8/0.098=8.1g
0.8/0.091=8.8g
0.8/0.036=22.2g
0.8/0.018=44.4g

38.7g/100g

0.07/0.387=0.18g

11.1g/100g
6.8g/100g
1.2g/100g
0.8g/100g
0.2g/100g
0.2g/100g
0

0.07/0.111=0.63g
0.07/0.068=1.02g
0.07/0.012=5.8g
0.07/0.008=8.75g
0.07/0.002=35g
0.07/0.002=35g

79g/100g

9/0,79=11.4g

76g/100g

9/0.76=11.8g

71.5g/100g

9/0.72=12.5g

kcal

0.80g

0.07g

9g

Buckwheat
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The required
food:
Macro and
micronutrition

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

Brown bean ,dry
Red lentil dry
Plantain,raw
Peanut
Potato,raw

63.4g/100g
58.5g/100g
31.9g/100g
28.4g/100g
18.3g/100g

9/0.634=14.2g
9/0.585=15.4g
9/0.319=28.2g
9/0.284=31.7g
9/0.183=49g

Sweet potato,raw
Calcium
Kale
Chinese cabbage
Spinach
Phosporus
Beans brown and
white
Peanut
Egg
Pork lean
Pork fat
Chicken
Rabbit
Pear dried fruit
White rice
Kale
Spinach
Pear
Potassium
Peanut
Spinach
Potato
Kale
Pork & beef
Tomato
Chinese cabbage
Peach
Orange
Pork, beef
Magnesium
Squash &
Pumpkin seeds
Sunflower seeds
Soybean
Spinach

17g/100g

9/0.17=52.9g

200mg/100g
125mg/100g
130mg/100g

55/2.00=27.5g
55/1.25=44g
55/1.30=42g

400mg/100g
360mg/100g
220mg/100g
200mg/100g
150mg/100g
200mg/100g
200mg/100g
150mg/100g
100mg/100g
70mg/100g
50mg/100g
30mg/100g

55/4.00=13.8g
55/3.60=15.3g
55/2.20=25g
55/2.00=27.5 g
55/1.50=36.6g
55/2.00=27.5g
55/2.00=27.5g
55/1.50=36.6g
55/1.00=55g
55/0.70=78.6g
55/0.50=110g
55/0.30=183g

700mg/100g
700mg/100g
600mg/100g
500mg/100g
350mg/100g
300mg/100g
250mg/100g
200mg/100g
150mg/100g

205/7.00=29.3g
205/7.00=29.3g
205/6.00=34.2g
205/5.00=41g
205/3.50=58.6g
205/3.00=68.3g
205/2.50=82g
205/2.00=102.5g
205/1.50=137g

534mg/100g
346mg/100g
86mg/100g
79mg/100g

16.9/5.34=3.2g
16.9/3.46=4.9g
16.9/0.86=19.7g
16.9/0.79=21.4g

20mg/100g

16.9/0.20=84.5g

276 mg

276 mg

1022 mg

84,6 mg

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

The
chosen
food
source

kcal

55mg

55mg

205mg

16,9 mg

Blackberries
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The required
food:
macro and micro
nutrition

Zinc
Wheat germ
toasted
Beef
Pumpkin and
squash seed
Copper
Sesame seeds
Kale
Mushroom
Buckwheat
(roasted)
Iron
Squash &
pumpkin seeds
Peanut, cashew,
almond
Beef
Spinach
Tofu
Egg
Iodine
Iodine oil
supplements

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g
12.9 mg

1.6 mg

10,6 mg

92 microg

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

16.7mg/100g
12.3mg/100g

2.5/0.167=15g
2.5/0.123=20.3g

10.3mg/100g

2.5/0.103=24.3g

4.08mg/100g
1.5mg/100g
0.9mg/100g

0.33/0.0408=8g
0.33/0.015=22g
0.33/0.009=36.7g

kcal

2.5

0.33

0.6mg/100g

0.33/0.006=55g

15mg/100g

2.1/0.15=14g

6.1mg/100g
3.7mg/100g
3.6mg/100g
2.7mg/100g
2mg/100g

2.1/0.061=34.4g
2.1/0.037=58g
2.1/0.036=58.3g
2.1/0.027=77,8g
2.1/0.02=105g

2.1g

18.4 microg
Young malnourished children
should not consume salt fortified
with Jodine
Make sure the children use multiple
micronutrition supplement
12mcg/1
large egg
1.5 egg
12mcg/80g

Source: seafood
and seaweed
Eggs

Selenium

The
chosen
food
source

27.6
microg

5.5 microg
79.3
microg/100g
44.8microg/
100g
38.5microg/
100g
37.8microg/
100g
27mcg/100 g

Sunflower seeds.
Lean beef
Rabbit
Chicken
Mushroom
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5.5/0.793=6.9g
5.5/0.448=12.3g
5.5/0.385=14.3g
5.5/0.378=14.6g
5.5/0.27=20.4g

The required
food:
macro and micro
nutrition

Sodium
Carrot
Potato
Vitamin A
IU to
mcg:IU/3,33=mcg
Sweet potatoes
(COOKED)

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g
<267 mg

840 microg

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

The
chosen
food
source

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

75mg/100g
10mg/100g

53.4/0.75=71 g
53.4/0.10=534g

kcal

53.4 mg

168 microgram
19218IU=
19218/3.3
5823mcg
/100g

168/58.23=2.9g

Carrots
(COOKED)

17033 IU=
5161mcg
/100g

168/51.61=3.25g

Kale
(COOKED)

13621 IU=
4127.6 mcg
/100g

168/41.276=4g

Squash
(COOKED)

11155 IU=
3380.3 mcg
/100g

168/33.803=5g

Vitamin D
IU to mcg
IU/40=mcg
Egg
(aver. 1 egg=65g)

15 microg

3mcg
37 IU=
37/40=
0.925mcg
/100g

White button
mushroom

Vitamin E
Sunflower seeds
(ROASTED)

27 IU=
27/40=
0.675 mcg
/100g
18.4 mg

3/0.00925=324g

3/0.00675=4.4g

3.68 mg

Silky tofu
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36.3mg/
100g

3.68/0,363=10g

5.3mg/100g

3.68/0.053=69.4g

The required
food:
macro and micro
nutrition

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

The
chosen
food
source

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

2.1mg/100g

3.68/0,021=175g

1.3mg/100g

3.68/0,013=283g

Guava
(aver. 1 fruit=55g)

228.3mg
/100g

9.8/2.283=4.3g

Kale

120mg/100g

9.8/1.2=8g

Strawberries
Aver.1 large strb=
18g
Oranges
aver. 1 orange=
131g

58.8mg
/100g

9.8/0,588=16.7g

53.2mg
/100g

9.8/0.532=18.4g

Tomatoes
Aver.1 =123g

22.8mg
/100g

9.8/0.228=43g

Sunflower seed

1.48mg
/100g

0.11/0.0148=7.4g

Pork (lean)

1.12mg
/100g

0.11/0,0112=9.8g

kcal

Spinach
(COOKED)

Squashed &
Pumpkin
(COOKED)

Vitamin C

Vitamin B1
(Thiamine)

49 mg

0.55mg

9.8 mg

0,11mg
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The required
food:
macro and micro
nutrition

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

0.43mg
/100g

0.11/0.0043=25.6g

Beans

0.24mg
/100g

0.11/0.0024=45.8g

Squash(Acorn)

0.17mg
/100g

0,11/0.0017=64.7g

Beef & Lamb
(Lean Steak)

0.86mg
/100g

0.332/0.086=3.9g

Pork
(Sirloin)

0.51mg
/100g

0.332/0.051=6.5g

Egg

0.51mg
/100g

0.332/0.051=6.5g

Mushroom

0.49mg
/100g

0.332/0.049=6.8g

Sesame seeds

0.47mg
/100g

0,332/0.047=7g

1.35mg
/100g

0.11/0,0135=8g

Dry Roasted
Soy bean
Edamame

Vitamin B2
(Riboflavine)

Vitamin B6
(Pyridoxine)

1.66mg

0.55mg

The
chosen
food
source

kcal

0.332 mg

0.11mg

Sunflower seeds
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The required
food:
macro and micro
nutrition

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

The
chosen
food
source

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

0.81mg/100g

0,11/0.0081=14 g

0.79mg/100g

0.11/0,0079=14g

0.68mg/100g

0.11/0.0068=16 g

0.24mg/100g

0.11/0.0024=46g

83.1mcg
/100g

0.34/0.831=41g

6.0mcg
/100g

0.34/0.06=5.6g

kcal

Chicken & turkey

Lean Pork
COOKED Sirloin
Lean Beef
COOKED Rib

Spinach
COOKED

Vitamin B12

1.7 microg

0.34 mcg

Liver (Beef)
Red meat beef
Egg

Vitamin K
Sun dried
tomatoes

19.3
microg

2.0mcg
/100g

0.34/0.02=16.8g

43mcg
/100g

3.86/0.43=9g

40mcg
/100g

3.86/0.4=9.7g

3.86 mcg

Okra

Carrots

13mcg
/100g

3.86/0.13=3g

Blackberries

20mcg
/100g

3.86/0.2=2g
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The required
food:
macro and micro
nutrition

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

208mcg
/100g

38.6/2.08=18.5g

Raw Spinach

194mcg
/100g

38.6/1.94=20g

Orange
Aver 1 fruit=131g

39mcg
/100g

38.6/0.39=100g

14.8mg
/100g

0.97/0.148=6.5g

Folic acid
Vitamin B9
Black eye bean

Niacin
Vitamin B3

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

193 microg

4.88mg

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

The
chosen
food
source

kcal

38.6mcg

0.97 mg

Chicken breast
COOKED

Peanuts
Oil Roasted

13.8mg
/100g

Lean beef
COOKED RIB

9.0mg
/100g

Sun flower seeds

8.3mg
/100g

Mushroom
Grilled Portobello

6.3mg
/100g
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0.97/0.138=7g

0.97/0.09=11g

0.97/0,083=11.7g

0.97/0.063=15.4g

The required
food:
macro and micro
nutrition

Biotin
Vitamin B7
Egg (cooked)
Pork
Pantothenic acid
Vitamin B5
Sunflower seeds
Shiitake
mushroom
COOKED
Egg
Lean Pork
COOKED Sirloin
Chicken
COOKED
drumsticks

The required
quantity per
sort of
macro/micro
Nutrition per
500 kcal in g

60 microg

2.85mg

The required
quantity per sort
of macro/micro
Nutrition per
100 kcal in g

The
chosen
food
source

Content of
sort
macro/micro
N in g per
100g edible
portion

Requirement
in g as the only
source per sort of
macro/micro
nutrition per 100

25mcg/1egg
2mcg/85g
2.35mcg/100

12/25=1/2 egg
12/0.023=
521g

7.06mg/100g
3.59mg
/100g

0.57/0,0706=8g
0.57/0.0359=16g

1.53mg/100g

0.57/0.0153=37g

1.65mg/100g

0.57/0.0165=35 g

1.32mg/100g

0.57/0.0132=43g

kcal

12mcg

0.57mg

Workbook table 9
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How to use the table and to compose a recipe for a meal with similar content as Plumpy Nut
The relevant reasons why we need to know how to compose the meal for the malnourished children
correctly and accurately,
1. In case we are not able to provide these acute malnourished children RUTF, which is the
recognized therapy to gain their weight to normal, we need to prepare the therapy
ourselves, which is by providing them meal with the composition similar as Plumpy Nut.
Therefore we should try to use all ingredients used in the Plumpy Nut, with similar
quality and quantity. It is very essential to provide them all those ingredients accurately
in order to achieve our goal, which is to increase their weight.
2. Using RUTF for therapy of acute malnutrition, in average it takes 8 weeks before the
children will gain their weight, however we are not informed how long it will last before
children could gain weight by providing them self-prepared meal. By preparing meal
with similar content as RUTF we try to reduce the risk for long lasting and never ending
treatment duration.
3. In case we could start our Nutrition program by using RUTF, at the end of the program,
to achieve a sustainable result and to prevent recurrence of malnutrition we need to
guide parents to prepare balanced and nutritious foods to keep their children healthy.
We will only able to guide them appropriately if we have the knowledge about the food
compounds and its food source. It is never too early for staff to learn more about
nutrition.
The food sources in workbook table 9 are chosen based on the assumption of the current crops and
animals which are available in Xide village and the local market. It is very likely that there will be some
amendments of the list in the near future made by our agriculture engineer. We hope after the
improvement of the infrastructure in Xide, with equal water distribution and based on the data collected
about the climate, parents are able to grow more nutritious crops in their small gardens and have more
animal husbandry, as preference are those with short reproductive cycle for example rabbits, chicken for
their meat but mainly for the eggs. A program to plant e.g. fruit trees, berries, sunflower(seeds) and
mushroom will be very helpful as fresh fruits are the best source of vitamin C, sunflower and mushroom
are good sources of the required micronutrition. Once the villagers understand the importance of hygiene,
we also could encourage them to have small fish with its rich high quality content of protein, n-3 fatty
acids, Zinc and other micronutrition.
The workbook table 9, as mentioned above is composed based on the currently most likely available food
sources for villagers in Xide, another village may have other local crops to grow.
Column A depicts the food compounds (protein, lipid, carbohydrate, vitamins and minerals) required as
part of balanced diet/ the treatment of acute malnutrition, with some choices of its predicted food
sources available in Xide village.
Column B: the required quantity of each food compound in g per 500 kcal of food.
Column C: the same as column B per 100kcal of food.
Column D: the current available food in Xide village to be confirmed.
Column E: the content of the particular food compound, these are protein, lipid, carbohydrate, vitamin
and mineral as a part of the food source. For example there is 37g protein in 100g soy flour.
Column F: is the quantity of the food source needed, if it will be used as the only food source to prepare a
meal to fulfill the needed requirement per 100 Kcal of food.
Below is an example how to prepare one of the meals with all required and recommended compounds of
the food per 100kcal.
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Having only limited choice of food source and low family income, the simplest way to fulfill all food
compounds required in a meal to treat malnourished children is: to choose the same food source for
different food compounds and use the highest required quantity to prepare the meal with the content
recommended including its relevant food compound. Then add other food source for the rest of required
food compound. Avoid composing meal with only non animal food source, this due to the high content of
antinutrient’s in non animal foods which have negative impact on children’s growth.
Macro nutrition:
Protein: 24g raw rice or 8g chicken
Lipid : 60g egg, 3.6 g canola oil
Carbohydrate: Rice 11.4g
Minerals:
Calcium: 27.5g kale,
Phosphorus: 78.6g kale
Potassium: 41g kale
Magnesium: 84.5 g blackberries or 4.9 g sunflower seeds/3.2 g pumpkin or squash seeds
Zinc: 24.3 g pumpkin seeds, 20.3 g beef
Copper: 22g kale
Iron: 14g pumpkin seeds or 58 g beef, or 105 g egg (1.5 eggs)
Iodine: 1, 5 eggs or iodine supplement
Selenium: 6.9 g sun flower seeds or 14.6 g chicken
Sodium: 71g carrot or 534 g potato
Vitamins:
A: 3.25g carrots
D: 4.4 g white button mushroom, 324g egg (5 eggs)
E: roasted sunflower: 10g
C: 43g tomatoes, or 18.4g orange or 16.7g strawberry (1 large strawberry) or 8g kale
B1:7.4 g sunflower seeds
B2:6.5 g egg, 6.8g mushroom
B6:8g sunflower seeds
B12:16.8g eggs
K: 3 g carrots
Folic acid: 20g raw spinach, 100g orange (1 fruit)
Niacin: 6.5 g chicken breast, 11 g lean beef
B7: liver 12g or egg yolk
B5: 37g egg, 16 g shiitake mushroom, 8g sunflower seeds
Thus with:
24g raw white rice, 78.6g kale, 3.6 g canola oil 58 g beef, 71g carrots, 43g tomatoes10 g roasted
sunflowers seeds, 20g raw spinach, 4.4.g white button mushroom we could prepare a 100 kcal meal .
The recommended daily kcal requirement for acute malnourished child is: 200kcal/kg body weight
A kid with 5 kg body weight may need 1000 kcal a day which means:
We can prepare food for one day and distribute in 3 or more meals and snacks by using the ingredients as
below:
240g white rice, 36g canola oil. 786 g raw kale, 710 g raw carrot, 430g tomatoes, 580 g beef, 100g roasted
sunflower seeds and 15 eggs or Iodine supplement. Since 15 eggs are quite many to be consumed in one
day and salt fortified with Iodine should not be given to malnourished children due to the effect of salt to
their kidneys, we need to give this children iodine supplement (e.g. in tablet form).
The meal as above mentioned in our example has the compounds and quantity of food as recommended
treating acute malnourished children who have to gain their weight to normal (see the table with the
content of Plumpy Nuts, workbook table 8). It contains more energy and more volume than the average
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quantity of the daily food recommended for healthy children with normal growth. Due to the use of
vegetables with its low food density, the meal we are going to prepare will be a bit bulky and due to their
young age with their limited gastric capacity to digest large volume and bulky food, when we start with
our nutrition program we should provide them at least 3 meals a day, We should start with a low quantity
and increase the quantity of their daily food gradually before providing these children the whole required
daily quantity food as recommended. So far we do not have any data concerning the duration of
treatment to gain normal weight by providing meal as mentioned above. Therefore it is good to start with
a pilot study to give treatment for 5 children and increase the quantity of food till the total recommended
energy required within 1 week. A close monitoring of the weight and any clinical symptoms should be
done accurately (see workbook table 16). If this method is workable then we could expand our treatment
with the same schedule to treat all other acute malnourished children in Xide.
Another issue we need to pay attention is the sharing phenomena.
To draw a reliable conclusion whether the program we are implementing is workable and cost effective
we need to monitor the result of this nutrition program accurately, we need to monitor children weight
regularly. This will be affected by sharing phenomena negatively.if parents share the meal with their
sibling we may not be able to assess the result of the program accurately. Working with RUTF we could
reduce the frequencies of sharing phenomena by providing the RUTF as medicine which should not be
shared with sibling. However when we provide self-prepared meal, very likely our request to parents not
to share the meal with sibling, will not applicable. Therefore to avoid sharing phenomena we should let
the acute malnourished children consume their meal at the nutrition center under supervision of our staff.
As backup plan we could give their siblings who yet come along with patients to nutrition center a small
portion of meal e.g. some healthy snacks such as roasted sun flower seeds or fresh fruit as addition of
their meal provide by their parents at home. This plan will only work if parents are completely understood
the objective of our nutrition program and able to give their consents.
The working rules for hygiene in the kitchen
Personal hygiene
1. wash hands with warm water and soap
2. those with long hair tie hair back
3.wear a white jacket or apron
4.if you have a cut put on bandage and use clean hand gloves to prepare food
5.If you catch cold, sneeze or cough wear a mask
Kitchen hygiene
1. keep your cooking area tidy, do not put food: vegetables, meat and ingredients on the floor but put
them on the table
2. don’t make the floor wet while preparing food, do your best not to spill everywhere, when pour liquid
do that in the sinks
3. make sure surfaces are all wiped down
4. check all of your equipment and utensils before cook that they are all clean and dry
5. check that the sinks are clean
6. check that the cookers are clean
7. .do not chop raw meat and other food on the same chopping board
use 2 separate chopping boards and mark down one for raw meat and one for vegetables.
8. always wash food, vegetables thoroughly with water before cooking, rinse meat with water before
cook and remove blood rest because it can contain bacteria
9 make sure that you use new utensils for each type of food that you work with, use separate utensils
for vegetables and meat.
10 don't keep meat so long out of the freezer
11 if you put a spoon in food and lick it then don't put it back in the food
12. mark kitchen utensils for meat and other for vegetables especially the chop board and if possible
purchase them in different color for example green chop board for vegetables and red one for meat.
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Do not use salt and too much chili or sugar when preparing food for young children.
The final daily calorie requirement (start with increase the daily required kacl gradually)
Correction of
Volume of
To gain weight
micronutrition as
F-75 in ml
Duration: 8
Maitenance
Target of feeding
F-75
(130ml/100 weeks=56
therapy
Duration: 12days
kcal)
days
Body weight/require
100kcal/day
100kcal/day 200kcal/day
75kcal/day
kcal per day
5kg
500 kcal
650 ml
1000kcal
375 kcal
5.5
550 kcal
715 ml
1100kcal
412.5 kcal
6 kg
600 kcal
780 ml
1200kcal
450 kcal
6.5
650 kcal
845 ml
1300kcal
487.5 kcal
7 kg
700 kcal
910 ml
1400 kcal
525 kcal
7.5
750
975 ml
1500
582,5 kcal
8
800
1040 ml
1600
600 kcal
Workbook table 10
The recipes
The name of the dish
Ingredients and quantity/recipe per 100kcal meal
1.
a. Rice (8g) with tomato,
24g raw white rice, 78.6g kale, 3.6 g canola oil 58 g beef, 71g
carrots and mushroom
carrots, 43g tomatoes10 g roasted sunflowers seeds, 20g raw
b. Rice (8g)with beef and
spinach, 4.4.g white button mushroom we could prepare a 100
kale dish,
kcal meal .
c. And roasted sunflower
seeds as snack
d. Rice (8g)with beef and
spinach
2.
etcetera
3.
4.
5.
6
7
Workbook table 11
The daily menu
Village
The day

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

The frequency of
meals

The dish
breakfast

lunch

dinner

snack

1a
etcetera

1b

1d

1c

Workbook table 12
1a,1b,1c and 1d: please find the description in workbook table 11
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The tables of the standard measurements

The Zw scores for boys and girls below 87 cm

Workbook table 13 A
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Zw scores for boys and girls 87 cm and above

Workbook table 13 B
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The standard Zs score measurements

Workbook table 14 A

Workbook table 14 B
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Workbook table 14 C
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Workbook table 15 A

Workbook table 15 B
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Workbook table 15 C
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The individual file of each child participates in nutrition program and the data of child’s linear growth
Weekly form
Food:
□ F-75

□ Plumpy Sup

□ self prepared food
initial phase , correction
of micronutrition
□ self prepared food to gain
weight

□ Plumpy Nuts
Start date
Name:
Date of Birth:
Day

□M
Age:
Day
1

Day
2

Day
3

Date: dd-mm-yy
Weight
Length
Zw
Zs
Consumption of the portion:
None 1
25% 2
50% 3
75% 4
100% 5
Reason why this child does
not eat all of the food
Frequency of meal
Odd events ( diarrhea,
vomit, fever, coughing )
Workbook table 16

88

□F
y

m
Day

Day

Day

Day

4

5

6

7

The individual growth chart to monitor the result of the Nutrition Program
The Zw score boys: 0-2 years old

Workbook table 17
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The Z w score of boys: 2-5 years old

Workbook table 18
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The Zw score girls: 0-2 years old

Workbook table 19
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The Zw scores girls: 2-5 years

Workbook table 20
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The Zs score boys: 0-2 years

Workbook table 21
The Zs score boys: 2-5 years old

The workbook table 22
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The Zs score girls: 0-2 years old

The workbook table 23
The Zs score girls: 2-5 years old

The workbook table 24
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