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SUMMARY. Currently the three main widely used strategies to
control micronutrient deficiencies are food diversification, fortifi-
cation, and consumption of medicinal supplements. In Tanzania a
fourth strategy has been evaluated in school children, and is to be
studied in pregnant and lactating women. The dietary supplement
comes in the form of a powder used to prepare a fruit flavored
drink. Children consumed for six months 25 grams per school day
attended, the powder being added to 200 ml of water. The dietary
supplement provides between 40 and 100 percent of the RDA of 10
micronutrients, which includes iron, vitamin A and iodine. Unlike
medicinal supplements it provides the multiple vitamins and min-
erals in physiologic, not megadoses. In a well conducted randomized
double blind placebo controlled trial, a dietary supplement in the
form of a fortified powder fruit drink produced statistically signifi-
cant differences not only in vitamin A and iron status, but also in
the growth of young school age children.
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INTRODUCTION

Malnutrition is increasingly recognized as a very prevalent
and important health problem in many countries, a problem
that has serious long-term consequences for the child and may
adversely influence development itself. That more than 2,000
million people live at risk of diseases related to micronutrient
deficiencies-most commonly vitamin A, iron, and iodine-and
that most of these people are women of childbearing age and
young children in developing countries, are facts that are often
stated and much studied (1). Malnutrition in its severe and not-
so-severe forms still remains a significant cause and determi-
nant of mortality, short- and long-term morbidity, and perma-
nently lost productivity and intellectual capacity in societies
which can ill afford such losses and costs.

Despite these devastating consequences, the range of
methods by which micronutrient deficiencies are addressed
have remained much the same and almost consistently fall
into one of the following categories (2).

Food diversification - in some cases this will simply come
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about by increasing overall food intake while in other cases
it comes about through behavioral change which increases
the consumption of nutrient rich foods. This may be affected
through diversifying household and/or regional food produc-
tion strategies to ensure that foods rich in the nutrients iden-
tified as deficient become available.

Food fortification. The deliberate addition of a specific
nutrient to a food vehicle which is identified as being widely
consumed in adequate quantities by populations at risk of the
deficiency. The classic examples being the iodization of salt;
and the fortification of milk with vitamin A and vitamin D.

Medicinal supplements. (a) periodic administration of
large doses of a specific micronutrient, such as vitamin A or
iodine, which either provide some protection from a pro-
longed period of deficient intake or treats a deficiency which
has already resulted in clinical symptoms, or (b) medicinal
amounts far above the RDA for the nutrient, for example
iron and folate supplements during pregnancy.

These methods are, for the most part, technically easy
and cost-effective given the economic gains which can be
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achieved. Significant achievements in reducing micronutri-
ent malnutrition have been made using them.

Each of these three standard approaches has its disad-
vantages and limitations. Most people agree that food diver-
sification offers the best long term approach that is likely to
be sustainable. But often it requires major changes either in
agricultural production, including home gardens, or in higher
incomes for the poor, allied with nutrition education. So in
many non-industrialized countries progress is slow, and in
some African countries with a deteriorating economic situa-
tion, food diversification is unlikely to substantially reduce
micronutrient deficiencies in the near future.

Conditions for fortification vary depending on the nutri-
ent and the foods eaten in a country. In some countries sev-
eral commonly eaten foods do pass through commercial
processing where fortification is feasible. Salt iodination
has greatly reduced iodine deficiency disorders in many coun-
tries. But in many non-industrialized countries it is difficult
to find a suitable food vehicle to fortify with iron or vitamin
A. A suitable food has to be consumed regularly by those at
risk of the deficiency who are often children and women in
poor families. Especially in rural areas those suffering from
micronutrient deficiencies may purchase few manufactured
or processed foods.

Medicinal supplements are of two kinds. First there are

those taken in pharmacological doses daily or at frequent
intervals, and second those prescribed to be consumed in
large doses at intervals of 4 to as long as 24 months. Ferrous
sulfate and folate are examples of the former, and vitamin A
and lipiodol (containing iodine) are examples of the latter.
Medicinal supplementation is dependent on a delivery sys-
tem which is often relatively costly if the supplement is to
reach those at risk. Other problems include poor compli-
ance which is common with iron prescribed during pregnancy,
and low participation rates for example when massive dose
vitamin A supplements are offered over time.

A World Bank review of micronutrient programs (3),
found that three common problems arising from the imple-
mentation of any or all of these strategies were: (i) the lack
of appropriate consumer demand; (ii) the lack of appropriate
delivery infrastructure with adequate access for poor women
and isolated populations; and (iii) the lack of honest, effi-
cient and technically competent enforcement systems for food
fortification. Furthermore, a key feature of successful pro-
grams was consistently found to be “supply”: that is supply
of the food itself or seeds and other necessary inputs to allow
dietary diversification; supply through secure access to for-
tified foods via appropriate food vehicles in adequate quan-
tities; and/or supply through cost-effective, professionally
prescribed and readily available medicinal supplements.

Dietary supplements - it’s been done before

Micronutrient dietary supplements offer a fourth ap-
proach, and one which can control deficiencies using a sin-
gle intervention.This approach is unique since it delivers
micronutrients that fill the nutritional gap via a vehicle that
is, or becomes well accepted by the target group. The sup-
plementation of diets with a specific food substance high in
one or more micronutrients recognized as potentially defi-
cient in the regular diet is not a new concept. Not so long
ago children in industrialized or industrializing countries
received a regular dose of cod-liver oil to stave off the ef-
fects of vitamin A and D deficiencies. At the turn of the
century, rickets, the consequence of prolonged deficient vi-
tamin D intake or lack of sunshine was very common amongst
children in the poor communities of industrialized cities
where the diets comprised a small range of foods and there
was limited access to outdoor areas and thus direct sunlight.
In some countries, on the shelves of remote, small rural and
urban shops, one can still find bottles of Haliborange - a
concoction of halibut oil high in vitamins A and D or of
Ribena, to provide vitamin C. In many countries north and
south similar products, some labeled as “tonics,” provide
micronutrient supplements. However these tonics often do
not include those minerals and vitamins most lacking in lo-
cal diets. Often, this is a very costly way of providing
micronutrients to target groups that have limited income.

In Europe and North America, the promotion of cod-liver
oil and other healthful dietary supplements empowered moth-
ers with affordable options to prevent rickets in their chil-
dren and where such solutions were not affordable those di-
etary supplements were available free of charge through pub-
lic health clinics. The development of better health care sys-
tems, affordable and diversified food supplies and a growing
appreciation of the health benefits of outdoor play presum-
ably also underlay the decline of rickets in industrialized
countries (4). Unfortunately, the concept of regular dietary
supplement consumption has not been translated from in-
dustrialized countries to the populations of non-industrial-
ized countries which continue to be at risk, or suffer from
micronutrient deficiencies.

Trial of a micronutrient supplement in Tanzania

In Tanzania a randomized double blind placebo control-
led trial of a multiple-micronutrient fortified dietary supple-
ment in school children has been completed (5). A similar
trial has been planned to assess the feasibility and efficacy
of a similar micronutrient dietary supplement in pregnant

-and lactating women.

Micronutrient deficiencies including iron deficiency
anemia, vitamin A deficiency and iodine deficiency disor-
ders are recognized as important public health problems in
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Tanzania (6). The project was a collaborative study involv-
ing the Tanzania Food and Nutrition Centre, Cornell Univer-
sity, UNICEF, the Micronutrient Initiative and the Procter
and Gamble Company.

The dietary supplement used was a fortified powdered
fruit drink. It was developed and produced especially for
this project by scientists at the Procter and Gamble Com-
pany in Cincinnati, Ohio, USA. The product tested consisted
of 25 grams of a fine white powder in individual serving sa-
chets. One sachet contained 5.4 mg of iron from bis-glycinate
chelate, 1750 IU of vitamin A, 45 ug of iodine, 5.25 mg of
zinc, 72 mg of ascorbic acid, 0.6 mg of riboflavin, 0.14 mg
of folic acid, 3 pg of vitamin B,,, 0.7 mg of vitamin B, and
10.5 mg of vitamin E. Nutrient and product stability evalua-
tions demonstrated the product is stable up to one year.

In the Mpwapwa District of Dodoma Region 830 chil-
dren attending 6 primary schools participated in the study. A
baseline examination included the collection of clinical, bio-
chemical and anthropometric data. Eligible children were
then randomly assigned to one of two groups either to re-
ceive one sachet of the micronutrient dietary supplement each
- school day attended, or to consume a non-fortified product,
identical in appearance and taste. The research team, school-
teachers, and participants were blinded. Six months later a
final examination was conducted on 775 children.

The results, in terms of measures of iron and vitamin A
status, plus anthropometric findings are being published else-
where (5). In summary there were no significant differences
at the baseline in serum retinol levels, nor in terms of meas-
ures of iron status (including hemoglobin, hematocrit, zinc
protoporphyrin, and serum ferritin).

Six months later there were highly significant differences
between the two groups always in favor of the micronutrient
supplemented children. In the group with mild and moder-
ate anemia (less than 11g/dL hemoglobin), there was a sig-
nificant increase in hemoglobin only in the group that re-
ceived the fortified dietary supplement (by 0.92 g/dL) as com-
pared to that of the placebo group (by 0.02 g/dL). This was
confirmed by a significant increase in ferritin in the treat-
ment group (by 16pg/L) versus the placebo group (by 2 pg/
L). Also, low serum vitamin A levels were significantly low-

ered in the fortified group but not in the non-fortified group.

There was a significant decrease (by 50%) in vitamin A defi-
ciency as expressed by serum retinol of <20 pg/dL in the
group that received the micronutrient fortified beverage.
Somewhat surprisingly, although weight, height and BMI
did not differ between groups at the baseline, the fortified
group, at follow-up, had gained significantly more in all three
parameters as compared with the non-fortified group. The
highly significant gains attributable to micronutrient supple-
mentation were weight gain of 0.55 kg, height gain of 0.57

cm, and BMI (Body Mass Index) of 0.88 (wt/ht2).

This trial suggests that the micronutrient supplement was
effective in improving iron and vitamin A status, as well as
growth of children. The supplement was extremely popular.
The fact that primary school children would not, compared
to pre-school children or pregnant and lactating women, usu-
ally be considered the prime beneficiaries of such a mecha-
nism, is recognized. However, the benefits of the school set-
ting in providing a secure delivery mechanism (schoolteach-
ers prepared the drink and supervised consumption) and thus
high compliance were considered critical for this initial trial.
A trial with pregnant women is planned.

Some principles and considerations relating to this ap-
proach

The objective of the trial in Tanzania was to deliver ad-
equate levels of bioavailable iron, stable vitamin A and io-
dine via a beverage that children find highly palatable, and
that is of low cost. The multiple nutrient fortified powder
fruit drink delivers nutrients, taste, convenience and
affordability all together. The dietary supplement strategy
recognizes some of the key principles incorporated in one or
all of the three commonly used intervention methods dis-
cussed above: behavioral change via social marketing; di-
versification of food intake; supply of specific vitamins in
specific foods; and regular doses of vitamins and minerals
specific to regionally or locally recognized deficiencies.
These are the underlying mechanisms by which micronutri-
ent deficiencies are addressed. Just as food diversification
seeks to create a supply, demand and taste for a new food
item so should the promotion of a dietary supplement; and,
just as medicinal supplements aim to provide a significant
(albeit pharmacological) dose of specific nutrients a well
developed supplement could do the same.

Important factors in the development and promotion of a
dietary supplement include:

Nutrient composition

A single serving of the product should deliver adequate
levels of three critically needed (iron, vitamin A and iodine)
micronutrients.

Product acceptance .

The addition of the micronutrients should not affect the
accepted taste and color of the vehicle. The preparation as
well as the consumption of the product have to be culturally
accepted. It should not replace, but rather complement other
foods and beverages.

Product shelf life and nutrient stability
The stability of the nutrients added and the product shelf
life should be evaluated in a condition that mimics the envi-
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ronment under which it will be stored and prepared for con-
sumption.

Product efficacy

For a dietary supplement to have an impact on the micro-
nutrient status of the population who consume the product,
the nutrients have to be bioavailable. Thus, the ability of the
fortified product to improve micronutrient status should be
demonstrated by carrying out a well designed clinical study.

Product package and convenience

The product should be of a kind that can be transported
easily to poorly accessible remote areas and from stores to
homes, and should not be bulky. It should be easy to prepare
and serve in the home. The package should be strong and air
tight.

Quality assurance and surveillance

The product should be made by following an established
quality assurance program. The quality of the starting mate-
rials and the process of making the product determines the
quality of the finished product. To make sure that the prod-
uct is delivering the micronutrients claimed in the package
at the time of consumption, monitoring should be done by a
third party such as a regulatory agency.

Affordability

This is key to success of the dietary supplement strategy.
It should be within the economic reach of the target groups.
The cost of the product should reflect the value of the prod-
uct. This has to be recognizable by the targeted consumer.

Raising awareness

The reality is that many of the populations suffering from
micronutrient deficiencies are not aware of the problem. For
the consumers to make an informed decision in choosing
between a fortified and similar but unfortified products, they
have to be educated about the prevalence, consequences and
prevention of micronutrient malnutrition. Through schools,
social marketing and media, the benefits of the product and
the consequence of micronutrient malnutrition have to be
communicated to the consumers and the professionals.

Partnerships _

To accomplish all these elements, a partnership has to be
established among the key players, which includes govern-
ment agencies, industry, international agencies, non-govern-
ment organizations and the scientific community. Each or-
ganization has expertise and these often complement each
other. The goal is to succeed in accomplishing a common
goal, which is combating micronutrient deficiency by
leveraging each stake holder’s strength.

Reviewing some of the problems identified with the other
approaches to micronutrient deficiencies, the dietary sup-
plement may potentially overcome some of these. Where
sufficient appreciation and desire for the food item is gener-
ated - developed through commercial marketing strategies -
supply should be ensured through market demand. Political
will and external, public resources are not necessary inputs
although they could be of benefit in generating a rapid de-
velopment of demand and supply or for ensuring access
through subsidies and/or free supply where income is not
sufficient. The argument for a contribution from commer-
cial manufacturers to the cost of subsidies and for social-
marketing type promotions should not be overlooked given
the potential for longer term sales development.

As with the dietary supplement practices of old, this ap-
proach can empower mothers and families with a healthful,
care-giving practice which they control and can, ideally, ac-
cess with security and at reasonable cost. Importantly, it is
technically possible to include several micronutrients within
a single food item, thus the process of addressing a situation
where there are several deficiencies is simplified - a clear
advantage over current fortification and medicinal supple-
mentation strategies.

CONCLUSION

Tanzania is currently taking steps to address the serious
problems of iron, vitamin A and iodine deficiencies. Wisely a
variety of strategies are being used. Among the interventions
being used are iron and folate supplements routinely adminis-
tered to pregnant women; programs are in place to deworm
children in part to reduce anemia; fermentation and germina-
tion or grains is being advocated to improve iron utilization
and to reduce the action of phytates; vitamin A supplements
administered to high risk children in many health units; efforts
to increase the production and consumption of carotene rich
foods; legislation in place to ensure iodination of salt from the
major manufacturers; and other actions to address diseases such
as malaria which influence nutritional status.

This study is considered an important first step in testing
and further developing the mechanism of dietary supplemen-
tation for addressing micronutrient deficiencies. A distinc-
tion is being made here between medicinal supplements such
as ferrous sulphate tablets and dietary supplements. Differ-
ences include the fact that medicinal supplements are taken
under medical supervision and control, whereas dietary sup-
plements for children are controlled by the mother or family,
and for the pregnant woman by the mother herself. Another
important difference is that this dietary supplement provided
physiological “doses” of each nutrient, where medicinal sup-
plements provide doses of micronutrients much above the
RDA.
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It is not expected or intended that this approach will re-
place current programs and strategies but instead that it will
provide policy-makers, health-planners, and more importantly
mothers and families, with an additional option. The deci-
sion on which strategy should be pursued or promoted, and
how public dollars should be directed for nutrition interven-
tions must be assessed on a case by case basis. Moreover,
consistent with current understandings and experiences which
show that no single approach will be effective in all settings
and at all times, the development of a ‘fourth option’ can
provide an effective means to fill the gaps left by other ap-
proaches. It should be noted that the Procter and Gamble
Company developed and supplied the supplement as a proto-
type for this project. The product is not available in the mar-
ketplace.
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