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Abstract

Background. The agreement on agriculture and the 
World Trade Organization were major outcomes of the 
1986–1994 Uruguay Round (UR) negotiations within the 
General Agreement on Tariffs and Trade (GATT). The 
measures under the UR were predicted to increase poverty 
in developing countries, a serious cause for concern since 
poverty alleviation is a major goal of developing coun-
tries. Thus this paper simulated the impact on poverty of 
the UR for a net food importing country, Trinidad and 
Tobago.

Objective. The objectives of the study were to deter-
mine the changes in poverty levels in Trinidad and 
Tobago that we expected would result from changes in 
the price levels of food commodities after the removal of 
trade protection following the UR, and to examine recent 
trends in poverty in Trinidad and Tobago and the prices 
of major agricultural exports from the United States, its 
principal trading partner.

Methods. A regression model (poverty model) was used 
to determine the relationship between poverty levels and 
the prices of sensitive imported food commodities (SIFCs) 
and other key economic variables. Impact models were 
used to project changes in world market prices of the 
SIFCs due to the UR, and these price changes were used 
to predict changes in poverty in Trinidad and Tobago.

Results. The results showed a positive elasticity between 
poverty and the prices of SIFCs. The study also predicted 
that the average projected increase in price levels of the 
SIFCs of less than 9% by the year 2000 would cause 
an increase in poverty in Trinidad and Tobago of less 
than 4%.

Conclusions. There has been, in fact, a small decline 
in poverty in Trinidad and Tobago since 1996. The prices 
of major agricultural exports from the United States have 
also been falling since 1995. Thus, so far the UR has 
had no perceptible effects in increasing the prices of food 
exports from the United States. Also, so far the UR has 
had no perceptible effect on the poverty level in Trinidad 
and Tobago.

Key words: General Agreement on Tariffs and Trade 
(GATT), poverty, poverty models, Trinidad and Tobago, 
Uruguay Round

Background

Agricultural trade reforms under the Agreement on 
Agriculture as well as the establishment of the World 
Trade Organization (WTO) were major outcomes of 
the 1986–1994 negotiations, called the Uruguay Round, 
within the General Agreement on Tariffs and Trade 
(GATT). The measures under the UR were expected to 
reduce agricultural protection and market distortions 
and improve access to agricultural markets worldwide. 
Countries such as the United States and members of 
the European Union, which have high levels of agri-
cultural subsidies and other forms of domestic market 
protection, were expected to reduce these forms of 
domestic market protection, thus causing increases in 
the prices of their agricultural exports. These reforms, 
therefore, were expected to lead to increases in world 
prices of agricultural goods after 1995 [1].

Trinidad and Tobago is an exporter of petroleum and 
related products. The agricultural sector in 2004 con-
tributed just 0.76% of the real gross domestic product 
(GDP), whereas the petroleum industries contributed 
40.9% [2]. Although Trinidad and Tobago exports 
sugar, cocoa, and other agricultural commodities, the 
country is largely and increasingly a net importer of 
food (table 1). The category “food and live animals” 
now constitutes approximately 2% of total exports and 
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7% of total imports in Trinidad and Tobago. If world 
food prices were to rise, Trinidad and Tobago would 
face increased costs for food imports. This would have 
a negative impact on its balance of payments and con-
sequently affect the domestic economy. In addition, the 
increased prices of imported food commodities would 
be passed on to consumers, who would be faced with 
increased prices for their major staples. In line with 
Engel’s law, which states that when a family’s income 
increases, the proportion of its income it spends on 
food decreases, the impacts of these increased food 
prices were expected to be felt the most by the lowest-
income groups in the society.

Global trade reforms threaten the existence of agree-
ments between the African, Caribbean, and Pacific 
(ACP) states (which include Trinidad and Tobago) 
and their traditional trading partners, the countries 
of the European Union. The loss of preferential access 
for agricultural export commodities by ACP states 
would have a significant effect on the economies of 
these countries. Therefore, although the Uruguay 
Round Agreements may suggest that global agricultural 
trade will benefit from trade liberalization and the 
dismantling of preferences, the impact on individual 
countries, especially developing countries, may be 
expected to vary.

A recent study attempted to quantify the impact 
of the Uruguay Round on poverty [4]; the findings 
suggest that the net effects on economic growth and 
poverty are likely to be small. The Uruguay Round 
was projected to raise 1.3 million people in developing 
countries above the poverty line of US$1 per person 
per day, as measured in 1985 purchasing power parity. 
The estimate of the upper limit of absolute poverty 
reduction as a consequence of the long-term effects 
of the Uruguay Round was 15.6 million people (0.5% 
of the population in the sample of 41 countries). In 
sub-Saharan Africa, however, the study found that the 
number of people living at poverty levels could increase 
by about three-quarters of a million. Overall, the study 
concluded that the Uruguay Round would cause a net 

reduction in poverty, but the impact would be small 
compared with the effects that domestic policies have 
on growth and poverty.

The present study looks at the effects of the Uruguay 
Round on a specific developing country, Trinidad and 
Tobago. We attempt to test the conclusions of the study 
by Vainio [4] in a small food-import-oriented economy 
with a relatively small agricultural sector. The paper 
also briefly examines trends in poverty in Trinidad and 
Tobago and in the prices of selected major agricultural 
export commodities from the United States, since the 
implementation of the Uruguay Round reforms in 1995.

Objectives

The aim of this study is to examine the changes in 
poverty levels in Trinidad and Tobago that were 
expected to result from changes in the price levels of 
major tradable food commodities, subsequent to the 
removal of trade protection, through reforms resulting 
from the Uruguay Round, especially by large countries. 
We hypothesize that these price changes are expected 
to cause an increase in poverty levels in Trinidad and 
Tobago, because of the country’s orientation toward 
food importation, an opposite conclusion to that of 
Vainio [4].

Methods

To test the hypothesis of this study, the prices of sensi-
tive imported food commodities (SIFCs) in Trinidad 
and Tobago were determined by reference to the con-
sumer price index and food imports of the country. 
A regression model (referred to as “the poverty model”) 
was developed to predict poverty levels in Trinidad 
and Tobago with the use of key economic variables, in 
particular the prices of SIFCs. The world food model 
(WFM) and the agriculture trade policy simulation 
model (ATPSM), which are impact models predicting 

TABLE 1. Exports and imports of food and live animals in Trinidad and Tobago for 
selected years

Year

Food and live 
animal exports 

(TT$Mn)
Total exports 

(%)

Food and live 
animal imports 

(TT$Mn)
Total imports 

(%)

1980 176.9 2 707.8 9
1985 88.4 2 764.1 20
1990 363.5 4 859.9 16
1995 882.8 6 1,354.9 12
2001 874.5 3.5 1,831.5 8.3
2003 739.7 2.3 1,919.2 7.8
2004 847.1 2.2 2,208.5 7.2

TT$Mn, millions in $Trinidad and Tobago
Source: Central Statistical Office [3].
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changes in world market prices of major agricultural 
commodities due to the Uruguay Round, were used to 
predict changes in the prices of SIFCs attributable to 
the Uruguay Round. Finally, the changes in prices of 
SIFCs from the impact models were used to simulate 
the changes in poverty in Trinidad and Tobago, due to 
the Uruguay Round, via estimates of elasticities from 
the poverty model.

Identifi cation of SIFCs

The commodities in table 2 were recognized as SIFCs 
in Trinidad and Tobago for two reasons: because they 
comprise some of the major staple items that constitute 
the basic food basket in Trinidad and Tobago, a notion 
supported by the weighting scheme applied to the food 
section of the retail price index; and because they are 
largely imported, except for sugar and poultry meat. 
However, although most poultry meat is produced 
domestically, almost all of its tradable inputs, such as 
hatching eggs and feed, are imported.

The poverty model

A log-linear multiple regression model was developed 
to predict the level of poverty in Trinidad and Tobago 
using a number of key economic variables that were 
considered a priori to have major influences on pov-
erty levels. The log-linear model has the advantage 
of providing direct estimates of the elasticities and is 
applicable to nonlinear relationships. The variables 
included in the model are described below.

Poverty (Y )

Given the deficiency in the data on direct estimates 
of poverty for Trinidad and Tobago, the total number 
of persons receiving public assistance in Trinidad and 
Tobago was used as a proxy variable for the number 
of people living in poverty. In a statement on social 

services, the following conditions are required for the 
grant of public assistance:

An applicant for Public Assistance must be over 
18 years of age, unable to earn a living because of 
illness or injury and destitute. Applications can be 
made in writing or in person to the nearest Social 
Welfare District Office. Dependents of persons in 
hospitals and inmates of prisons are provided with 
facilities for applying in writing for assistance. A 
Social Welfare Officer will visit the applicant, the 
case will be assessed and if it is approved, the appli-
cant will qualify to receive public assistance. [6]

Discussions with officers of the Social Welfare Divi-
sion suggest that the number of people receiving public 
assistance is the best available measure of poverty in 
Trinidad and Tobago. However, this measure may 
underestimate the number of poor in Trinidad and 
Tobago, since some poor households may fail to carry 
out the required application procedures.

Infl ation (X1)

The inflation rate was calculated as the percentage rate 
of change of the index of retail prices. The baseline year 
for the index was January 2003, for which the index 
was set at 100. Higher inflation rates are expected to 
directly reduce the purchasing power of consumers 
and hence their living standards, raising the level of 
poverty; thus, one would expect a positive relationship 
between X1 and Y.Y.Y

Unemployment (X2)

The unemployment rate was calculated as the percent-
age of the total labor force that was unemployed, as 
estimated by the central statistical office of the coun-
try. In Trinidad and Tobago the levels of poverty were 
reported to be higher than average in households where 
the head either was unemployed or had never worked 
[7]. Therefore, one would expect a positive relationship 
between X2X2X  and Y.Y.Y

Prices of SIFCs (X3)

X3X3X  was obtained by deriving a weighted price index 
(value for 1974 = 100) of the annual prices of all com-
modities listed in table 2 [8]. The weights used are 
also given in table 2. Data for this variable were also 
obtained from the central statistical office [3]. One 
would expect a positive relationship between X3X3X  and 
Y. Higher food prices like inflation would reduce the Y. Higher food prices like inflation would reduce the Y
purchasing power of households and hence their living 
standards. In the case of higher food prices, as has been 
argued earlier, the impact will be greater on lower 

TABLE 2. Weights of selected items of the retail price index 
in Trinidad and Tobago

Commodity Weighta

Food 217
Flour (plain white) 7
Rice 6
Powdered milk 9
Poultry (live chicken) 26
Margarine 2
Cooking oil 4
Sugar (washed gray) 3

a. Total weights of retail price index = 1000.
Source: Central Statistical Office [5].

Impact of the Uruguay Round on poverty in Trinidad and Tobago
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income households. Hence, increases in the prices of 
SIFCs (X3X3X ) would be expected to increase the applica-
tions for public assistance (Y)Y)Y .

Population (X4)

The population variable was the annual estimate of 
the population of Trinidad and Tobago [3]. It is often 
argued that the increasing populations of developing 
countries lead to increases in poverty because of the 
increased competition for limited resources. This argu-
ment is used to urge the use of birth control in develop-
ing countries, and if it holds true, one would expect a 
positive relationship between X4X4X and Y.Y.Y

Estimation

The poverty model was estimated for the period from 
1963 to 2000 by the program EViews 3.1, student ver-
sion (Irvine, CA, USA: Quantitative Micro Software, 
LLC, 1994–1999).

Results

The poverty model

The results of the regression analysis are given in 
table 3. For both the Durbin-Watson and the Breusch-
Godfrey tests, the null hypothesis of no autocorrelation 
has to be rejected in favor of positive autocorrelation 
(the lower limit dl for the Durbin-Watson test being 
1.26). The unemployment (X2X2X ) and prices of SIFCs 

(X3X3X ) variables were statistically significant, and the 
population (X4X4X ) and inflation (X1) variables were not. 
These results suggest that the size of the population and 
the rate of inflation did not affect the number of poor 
people in Trinidad and Tobago, but that unemploy-
ment and the prices of SIFCs had significant effects 
on the number of poor. The linear form of the model 
also demonstrated positive autocorrelated error terms 
and a worse fit.

Since the estimated model was to be used for deriv-
ing values of the elasticities, procedures for correcting 
for autocorrelation, such as estimation using first dif-
ferences, were not considered. The procedure chosen 
for correcting for autocorrelation was the inclusion 
of the assumed autocorrelation error structure in the 
model. Two alternate error specifications were con-
sidered, the autoregressive of order one, AR(1), and 
the moving average of order one, MA(1), by including 
these terms alternately in the model [9]. The popula-
tion variable was omitted in these models to economize 
on the number of degrees of freedom taken up by the 
regression to facilitate the use of the Breusch-Godfrey 
test [10]. The model with the MA(1) term gave the 
better fit and is presented in table 4.

Since the estimation of the MA(1) term involves the 
use of lagged values of the error term, the Breusch-
Godfrey test is preferred over the Durbin-Watson 
test; the Breusch-Godfrey test indicates the absence of 
autocorrelation in table 4.

The results presented in table 4 indicate that the 
elasticities of poverty with respect to unemployment 
(X2X2X ) and prices of SIFCs (X3X3X ) are 0.39 and 0.36, respec-
tively.

TABLE 3. Results of the regression analysis to explain poverty in Trinidad and Tobago

Dependent variable: LOG(Y)Y)Y

Method: least squares
Included observations: 38 after adjustment of endpoints

Variable Coefficient SE t-Statistic Probability

C 8.743411 8.185244 1.068192 0.2932
LOG(X2X2X ) 0.382287 0.152103 2.513334 0.0170
LOG(X3X3X ) 0.396499 0.168276 2.356245 0.0246
LOG(X4X4X ) –0.201384 1.303955 –0.154441 0.8782
LOG(X1) –0.026564 0.043203 –0.614861 0.5429

R2 0.787123 Mean (dependent variable) 10.31557
Adjusted R2 0.761320 SD (dependent variable) 0.361540
SE of regression 0.176630 Akaike information criterion –0.507441
Sum of squared residuals 1.029538 Schwarz criterion –0.291969
Log likelihood 14.64137 F-Statistic 30.50475
Durbin-Watson statistic 1.091041 Probabililty (F-statistic) 0.000000
(Observations)*R2

(Breusch-Godfrey test)
7.225707 Probability 0.026975

* Signifies the product of the two terms

C. Pemberton and D. Ramnarine
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Impact models

Various models have assessed the likely impact of the 
Uruguay Round on agriculture globally and in Latin 
America and the Caribbean in particular [11]. These 
impact models include the WFM [12], the rural-urban 
north-south (RUNS) model [13], the ATPSM of the 
United Nations Conference on Trade and Develop-
ment (UNCTAD) [14], the multiregional global trade 
model (MRT) of Harrison et al. [15], and a computable 
general equilibrium (CGE) model of Francois-McDon-
ald-Nordstrom (FMN) [16].

In this study, the WFM and ATPSM impact models 
were used, because they provided predictions for 
changes in world market prices of agricultural com-
modities in 2000. The ATPSM and the WFM are mul-
ticommodity partial equilibrium models that cover 12 
agricultural commodities for 145 and 130 countries, 
respectively. These two impact models incorporated 
the Uruguay Round commitments of countries to 
determine the impact of these commitments on key 
indicators, especially on world market prices [17]. The 
four key (and quantifiable) commitments were the 
tariffication of nontariff barriers (especially licenses 
and quotas) and tariff reduction; allowing minimum 
access to domestic markets; reduction of export sub-
sidies; and reduction of domestic support measures, 
such as input subsidies and support prices. In general, 
the models simulated the effect of the Uruguay Round 
by introducing the commitments made by individual 
countries in the four key areas into multicommodity 
partial equilibrium models and then determining the 
impact of these changes on the indicators (especially 
world market prices for commodities).

The ATPSM simulated changes in all four key 

commitments by countries, whereas the WFM did 
not incorporate domestic support reduction com-
mitments, partly because it was considered that such 
reductions would not be binding in most cases. The 
ATPSM provided two separate simulations, referred to 
as “scenarios.” In scenario 1, countries not belonging 
to the Organization for Economic Cooperation and 
Development (OECD) were assumed not to respond 
to world market price changes, and in scenario 2 it was 
assumed that these countries do respond.

Table 5 gives the projected percentage changes in 
the world market prices of SIFCs simulated from the 
two impact models used in this study. The two models 
differed slightly in the specifications of commodi-
ties, in that the WFM had one aggregate category for 
oils and fat, whereas the ATPSM had two categories, 
vegetable oils and oil seeds. Only vegetable oils were 
included in this analysis for the ATPSM, since these 

TABLE 4. Results of the regression analysis to explain poverty in Trinidad and Tobago with correc-
tion for autocorrelation

Dependent variable: LOG(Y)Y)Y
Method: least squares
Included observations: 38 after adustment of endpoints

Variable Coefficient SE t-Statistic Probability

C 7.470106 0.476082 15.69080 0.0000
LOG(X2X2X ) 0.389947 0.172442 2.261326 0.0305
LOG(X3X3X ) 0.360257 0.049392 7.293825 0.0000
LOG(X1) –0.016151 0.043829 –0.368490 0.7149
MA(1) 0.422687 0.185462 2.279100 0.0293

R2 0.821561 Mean (dependent variable) 10.31557
Adjusted R2 0.799932 SD (dependent variable) 0.361540
SE of regression 0.161713 Akaike information criterion –0.683907
Sum of squared residuals 0.862987 Schwarz criterion –0.468435
Log likelihood 17.99423 F-Statistic 37.98419
Durbin-Watson statistic 1.680959 Probabililty (F-statistic) 0.000000
(Observations)*R2

(Breusch-Godfrey test)
1.112435 Probability 0.573374

* Signifies the product of the two terms

TABLE 5. Impact models showing projected percent changes 
in world market prices of SIFCs due to the Uruguay Round

Product WFM

ATPSM

1 2

Wheat 7 8.6 1.0
Rice 7 9.6 0.7
Poultry 8 9.3 4.9
Dairy prod-

ucts
7 7.9 4.5

Sugar — 11.3 4.5
Fats and oils 4 — —
Vegetable oils — 5.9 2.5

SIFC, sensitive imported food commodities; WFM, world food 
model; ATPSM, agriculture trade policy simulation model
Source: Food and Agriculture Organization [18].

Impact of the Uruguay Round on poverty in Trinidad and Tobago
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were considered a commodity directly consumed by 
households. The WFM also did not include sugar as a 
distinct category [17].

The mean percentage price changes of the SIFCs 
from the models were obtained from table 5 and 
are presented in table 6, which shows that ATPSM 
scenario 1 predicts the highest increase (8.77%) in 
prices of the SIFCs for the year 2000. However, in 
ATPSM scenario 2, in which the non-OECD countries 
respond to the new economic conditions of higher 
prices by expanding production, the model predicts 
that the world market prices will increase moderately 
by 3.02%. The WFM predicts a price increase between 
the two limiting positions of 6.60%.

Poverty prediction

The results of the poverty model were used to carry out 
the simulations of the changes in poverty levels that 
would occur because of the changes in the prices of 
SIFCs given in table 5. These simulated predictions are 
given in table 6. The projected mean percentage price 
changes for the SIFCs are multiplied by the elasticity 
of poverty (Y) with respect to Y) with respect to Y X3X3X  (0.36), to obtain the 
projected percentage changes in poverty levels. These 
percentage changes are also expressed in terms of the 
number of poor in table 6, based on the mean number 
of poor (Y) in Y) in Y table 4 (30,199).

The results for the models show varying degrees of 
projected increases in poverty levels as a consequence 
of the Uruguay Round agricultural reform commit-
ments. As expected, ATPSM scenario 1, which assumes 
no response from non-OECD countries, indicates that 
poverty levels could increase by as much as 3.2% if 
prices were to increase by 8.8%. In ATPSM scenario 2, 
with a response from non-OECD countries, the pov-
erty level is predicted to increase by only about 1.1%. 

The WFM predicts an increase in poverty, as defined 
in this study, of 2.38%, or 719 persons.

Recent trends in poverty in Trinidad and 
Tobago and prices of selected agricultural 
Recent trends in poverty in Trinidad and 
Tobago and prices of selected agricultural 
Recent trends in poverty in Trinidad and 

exports from the United States
Tobago and prices of selected agricultural 
exports from the United States
Tobago and prices of selected agricultural 

This section presents recent trends in poverty (as 
defined in this study) in Trinidad and Tobago and price 
trends for selected agricultural products exported from 
the United States, the major source of food imports 
(and of all imports) for Trinidad and Tobago, to deter-
mine what trends are emerging after the implementa-
tion of the Uruguay Round trade reforms in 1995.

As mentioned earlier, the level of poverty in this 
article is measured by the total number of persons 
receiving public assistance. Figure 1 shows the move-
ment of the poverty variable between 1955 and 2002 
according to data obtained from the Central Statistical 
Office [3].

Figure 1 shows that after peaking in 1989, the total 
number of people receiving public assistance fell, espe-
cially after 1995. In fact, the figure in 2000 was less than 
half that in 1989. The information in figure 1 conforms 
to the results of the regression analysis, which suggested 
that the Uruguay Round reforms would not have led to 
a significant increase in the level of poverty in Trinidad 
and Tobago.

Figure 2 shows the average price of cereals, the major 
agricultural export from the United States, from 1978 
to 2004. The price peaked at US$0.18/kg in 1996 and 
fell steadily through 2000. By 2004, the price of cere-
als had returned to the 1997 level but not to the 1996 
level. Figure 3 shows the average price of poultry meat 
exported from the United States from 1978 to 2004. 
The export price of poultry meat peaked at US$1.22/kg 
in 1981 and has been below that price level since then. 

FIG. 1. Persons on public assistance in Trinidad and Tobago, 
1955–2002.
Source: Central Statistical Office [3]
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TABLE 6. Projected changes in poverty levels due to changes 
in world market prices of SIFCs resulting from the Uruguay 
Round

Model

Mean change 
in price of 
SIFCs (%)

Change in 
poverty level

(%)a

Change in 
number of 

poor

WFM 6.60 2.38 719

ATPSM 1 
(without 
non-OECD 
response)

8.77 3.16 954

ATPSM 2 
(with non-
OECD 
response)

3.02 1.09 329

SIFCs, sensitive imported food commodities; WFM, world food 
model; ATPSM, agriculture trade policy simulation model; OECD, 
Organization for Economic Cooperation and Development.
a. Calculated as the value in column 2 multiplied by 0.36.
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By 1995 the price had fallen to US$0.92. After 1996, the 
price kept falling, reaching $0.65 by 2002. The price had 
risen to $0.83 by 2004.

Discussion

The Uruguay Round produced the most fundamental 
reform in the world trading system since the establish-
ment of the General Agreement on Tariffs and Trade 
(GATT) in 1947. The Agreement on Agriculture seeks 
to establish a liberalized global market for agricultural 
products by reducing and eventually eliminating trade 
barriers and distortions.

The simulation carried out in this study based on 
impact and poverty models support the hypothesis 
that any increases in the prices of sensitive imported 

food commodities (SIFCs) due to the Uruguay Round 
trade reforms should have led by 2000 to an increase 
in poverty levels in Trinidad and Tobago. In other 
words, there should have been a positive relationship 
between the two variables. The increases in poverty 
levels were predicted to be very small—on the order of 
less than 4%. However, any such increases in the prices 
of SIFCs would have reduced the level of welfare of 
the entire society of Trinidad and Tobago (real income 
effect), and the effects would have been greatest among 
the poorest households in the economy.

The study also examined the movements in the 
number of poor in Trinidad and Tobago from 1955 to 
2003 as measured by the number of persons receiving 
public assistance. The study also examined recent trends 
in prices for major agricultural products exported from 
the United States. The analysis showed that there has 
been, in fact, a decline in poverty (as defined earlier) 
since 1996. The prices of the major agricultural exports 
from the United States (cereals and poultry meat) have 
also been falling since 1995. Hence, in keeping with the 
positive relationship estimated in the poverty model, 
the fall in U.S. export prices should have influenced 
the fall in poverty levels that has been observed in 
Trinidad and Tobago, since the United States is the 
principal source of agricultural imports to Trinidad 
and Tobago.

Of some interest is the scenario of falling export 
prices for major agricultural commodities from the 
United States. This scenario would seem to suggest that 
by one means or another, the major developed coun-
tries may have been able to avoid reducing the level of 
support they provide to their domestic agricultural 
sectors [11].

These results are consistent with those of Sharma, 
who noted that, even though it is difficult to come 
to definite conclusions because of “there being only 
four years of experience with the implementation of 
the Uruguay Round and also because of other devel-
opments taking place simultaneously, e.g., weather 
anomalies and macroeconomic events,” [11] a recent 
assessment by the Food and Agriculture Organization 
(FAO), among others, drew the following conclu-
sions:
» With some exceptions, there was little evidence 

that the Uruguay Round had an impact on levels of 
income and the volume of trade and prices on world 
markets; and

» There was little evidence of much change in world 
price instability.
The following reasons were advanced for these 

conclusions:
» In-country commitments were not considered to be 

particularly deep in the first place;
» Markets in developed countries have been in the past 

open to tropical products that do not compete with 
domestic products as well as some other products

FIG. 2. Average export price of cereals from the United States, 
1978–2004
Source: Food and Agriculture Organization [18]
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FIG. 3. Average export price of poultry from the United 
States, 1978–2004
Source: Food and Agriculture Organization [18]
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through preferential access. However, with some 
exceptions, the Uruguay Round did not open up the 
developed-country markets any more than they had 
been in the past;

» With some exceptions, the Uruguay Round-led 
market access commitments have not opened most 
developing-country markets to significant import 
competition. In some cases, however, such increased 
imports by developing countries have caused reduced 
domestic production in the developing countries.

» It is also equally unlikely that the Uruguay Round 
restrictions on domestic support have constrained 
public spending on subsidies; in fact, the main con-
straints to subsidization may have come instead from 
domestic shortages of resources for such subsidies.

Conclusions

The Uruguay Round trade reforms for agriculture do 
not seem as yet to have led to the predicted rise in the 
prices of world food exports. The case of export prices 
for major food commodities from the United States 
supports this conclusion. This study has also shown 
that any changes in the prices of SIFCs that can be 
predicted would only cause minimal effects on poverty 
in Trinidad and Tobago.
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Abstract

Background. Multiple-micronutrient deficiencies exist 
in many developing nations. A system to deliver multi-
ple micronutrients effectively would be of value in these 
countries.

Objective. To evaluate the delivery of multiple micro-
nutrients through the food route. The goal was to test the 
stability of the supplement during cooking and storage 
and then to test its bioefficacy and bioavailability in 
residential schoolchildren 5 to 15 years of age.

Methods. A pre- and post-test design was used to 
study children 5 to 15 years of age, with an experimental 
and a control group. The experimental group (nand a control group. The experimental group (nand a control group. The experimental group (  = 211) 
consisted of children from two residential schools, and the 
control group (ncontrol group (ncontrol group (  = 202) consisted of children from three 
residential schools. The experimental group received a 
micronutrient supplement containing vitamin A, vitamin 
B2, vitamin B6, vitamin B6, vitamin B6 12, folic acid, niacin, calcium 
pantothenate, vitamin C, vitamin E, iron, lysine, and 
calcium daily for 9 months. There was no nutritional 
intervention in the control group.

Children in the experimental and control groups 
were matched by socioeconomic status, age, and eating 
habits at baseline. All of the children in the experimental 
and control schools were dewormed at baseline, after 
4 months, and at the endpoint. Biochemical measure-
ments (hemoglobin, serum vitamin A, serum vitamin E, 
serum vitamin B12, and serum folic acid) were measured 
at baseline, after 4 months, and at the endpoint (after 9 
months). The heights and weights of the children were 
also measured at baseline and endpoint. Serum vitamins 
A and E were measured in a subsample of 50% and vita-

min B12 and serum folic acid measured in a subsample of 
25% of the children.

Results. In the experimental group, the mean gains in 
hemoglobin, serum vitamin A, serum vitamin E, serum 
vitamin B12 , and serum folic acid over 9 months were 
0.393 g/dL, 6.0375 µg/dL, 1037.45 µg/dL, 687.604 pg/mL, 
and 1.864 ng/mL, respectively. In the control group, the 
mean losses in hemoglobin and serum vitamin A over 
9 months were 0.9556 g/dL and 10.0641 µg/dL, respec-
tively, and the mean gains in serum vitamin E, vitamin 
B12, and folic acid were 903.52 µg/dL, 233.283 pg/mL, 
and 0.0279 ng/mL. The mean gain in all biochemical 
measurements was significantly higher (p < .05) in the < .05) in the <
experimental group than in the control group.

Conclusions. Vitamin A, vitamin E, vitamin B12, 
folic acid, and iron are bioavailable from the multiple-
micronutrient food supplement used in this study. This 
method of micronutrient delivery has been beneficial. 
We believe the study intervention was beneficial because 
of small doses of the micronutrients added but delivered 
many times through meals throughout the day, over a 
period of 9 months.

Key words: Food delivery, multiple-micronutrient 
supplementation

Introduction

Micronutrient deficiencies in developing countries are 
a consequence of the plant-based cereal diets typically 
consumed in these areas [1, 2]. Dietary phytate inhib-
its the absorption of many micronutrients, notably 
iron and zinc. Micronutrient deficiencies in infancy 
can cause impairments in physical development and 
cognition that may be irreversible [3–5]. Iron and 
iodine deficiencies affect more than 30% of the global 
population [6]. It has been suggested that supplemen-
tation with multiple micronutrients may be the best 
way to improve the nutritional status of malnourished 
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populations [7]. Earlier studies targeted children 
within the family. Packaged in single-serving sachets, 
the fortificant (microencapsulated ferrous fumarate) is 
designed to be sprinkled onto complementary cooked 
foods, to be served to children, one sachet per meal. 
A randomized, controlled trial demonstrated that 
microencapsulated ferrous fumarate sprinkles were as 
efficacious as ferrous sulfate drops in the treatment of 
anemia in infants 6 to 18 months of age [8].

There are no data on the effects of adding multiple-
micronutrient supplements to food during cooking in 
order to make the micronutrients available to the entire 
family. For this method to be successful, the micronu-
trients should not change the color, odor, or taste of 
the food, should be stable at cooking temperatures, 
and should be bioavailable. With these concepts kept in 
mind, a multiple-micronutrient food supplement was 
developed that contained vitamin A, vitamin B2, vita-
min B6, vitamin B12, folic acid, niacin, calcium pantoth-
enate, vitamin C, vitamin E, iron, lysine, and calcium. 
The intention was that the supplement sprinkled on 
the food during cooking would supply these nutrients 
to the entire family. The advantage of this method of 
nutrient delivery is that all the family members would 
benefit from the supplement.

The current study tested the acceptability of the sup-
plement during cooking and storage and tested for the 
bioavailability of five important micronutrients: iron, 
vitamin A, vitamin E, vitamin B12, and folic acid, as 
well as other B-complex vitamins, in the target group 
of children in residential schools. If the food supple-
ment was found to benefit the children by improving 
their levels of serum vitamin A, serum vitamin E, 
hemoglobin, serum vitamin B12, and serum folic acid, 
we could conclude that this method of micronutrient 
delivery was feasible, setting the stage for conducting 
larger-scale community studies.

This study aimed to evaluate the delivery of multiple 
micronutrients through the food route. The goal was to 
test the stability of the supplement during cooking and 
storage and then to test its bioefficacy and bioavailabil-
ity in residential schoolchildren 5 to 15 years of age.

Methods

Subjects

The study had a pre- and post-test design with experi-
mental and control groups. Two residential schools (A 
and B) were randomly selected as the experimental 
schools and three other residential schools (C, D, and 
E) as the controls from residential schools in the city of 
Chennai, Tamilnadu, South India. Schools A through E 
were chosen randomly from a computer-generated list 
and a random table. Study schools were chosen prior 

to randomization, after a survey of residential schools 
was undertaken, because children at these schools had 
the lowest intake of outside (unfortified) cooked food 
and the schools had the fewest holidays when the chil-
dren were allowed to go home, which would cause less 
disruption in the study. Children in the experimental 
schools were supplied with the multiple-micronutrient 
food supplement. Children in the control group, 
except those with severe anemia and serum vitamin 
A deficiency, who were treated for ethical reasons and 
excluded from the study, received no intervention other 
than deworming. The study began when the schools 
reopened after the summer vacation and continued 
for 9 months until the schools closed again for the 
next summer vacation. There were 211 children in 
the experimental group (169 in school A and 42 in 
school B) and 202 children in the control group (90 in 
school C, 70 in school D, and 42 in school E).

The experimental and control groups of children 
were selected after establishing their homogeneity in 
terms of age and socioeconomic status; the families 
of all the children had a monthly income of less than 
Rs1,500 ($US30). The supplement was provided to 
the experimental schools every month, and its use was 
monitored by counting the number of packets remain-
ing in the school every week.

Manufacture and administration of supplement

The multiple-micronutrient food supplement was 
manufactured in a ribbon blender (Bhuvaneshwari 
Engineering, Chennai, India) at 50 rpm. The homoge-
neity of the supplement’s micronutrient content was 
established at the manufacturing stage by assessing the 
micronutrient content in different parts of the blender. 
It was determined that all of the micronutrients were 
uniformly and homogeneously distributed within the 
product.

The dosage was 1 g of supplement per child per day. 
The required daily quantity for all the children in a 
specific school was premeasured, packed, sealed, and 
delivered to the schools, so that one packet could be cut 
open each day and added to the food during cooking, 
throughout the day. The supplement was dissolved in 
water and added to liquid food in the final stages of 
cooking, and it was sprinkled onto solid foods. The 
cooking staff of both the experimental schools certified 
that the supplement did not change the color or taste 
of any food. Each school has a central kitchen where 
the food is prepared and a central dining room where 
the resident children eat.

It was generally observed that there was no waste 
of the food prepared in the schools; all prepared food 
was consumed. The children were served the quantity 
of food they wished, and there was no food left over 
on the plate.
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Blood collection and storage

Blood samples (5 mL) were drawn from each child at 
the schools and transferred to the laboratory within 2 
hours of collection. During collection of these samples, 
500 µL was transferred into vials with ethylenedi-
aminetetraacetate (EDTA) as an anticoagulant. The 
hemoglobin measurements were performed on these 
samples within a few hours of blood collection. The 
remaining 4.5 mL of blood was transferred into vials 
covered with black paper to prevent exposure to light, 
and the blood was allowed to clot. Serum separation 
was performed and the samples were frozen at –20°C 
within a few hours after collection of blood. Analysis 
of serum for folic acid and vitamins B12, A, and E was 
completed within a month after blood collection. The 
samples were processed in a dark room with yellow 
lighting to prevent retinol isomerization.

Biochemical measurements

The concentrations of blood hemoglobin and serum 
vitamin A, vitamin E, vitamin B12, and folic acid were 
measured. Hemoglobin was measured in all the chil-
dren in both groups. Serum vitamin A was measured 
by high-performance liquid chromatography (HPLC) 
only in those children who were identified as having 
vitamin A deficiency by physicians who checked the 
eyes of the children for clinical signs of vitamin A defi-
ciency, such as Bitot’s spots or xerosis. Eighty-two chil-
dren in the experimental group and 84 children in the 
control group had clinical signs of vitamin A deficiency. 
At baseline, only eight children in the experimental 
group had serum vitamin A levels under 20 µg/dL, 
the cutoff for vitamin A deficiency, as defined by the 
International Vitamin A Consultative Group (IVACG). 
Seven children in the control group had serum vitamin 
A levels under 20 µg/dL. For ethical reasons, these 
children were given therapeutic tablets of vitamin A to 
combat the deficiency and were excluded from further 
analysis. Analysis of data for serum vitamin A and E 
was performed only for the remaining 77 children in 
the control group.

Serum folic acid and vitamin B12 were measured 
in the 44 children in the experimental group and the 
54 children in the control group who had the lowest 
hemoglobin levels. All biochemical measurements were 
carried out before the start of the study (baseline), 4 
months after the start of the study (midpoint), and 9 
months after the start of the study (endpoint).

Hemoglobin was estimated by the cyanmethemo-
globin method with a spectrophotometer [9]. Serum 
vitamin A and E were measured by a rapid, reverse-
phase HPLC method for simultaneous determination 
of retinol and α-tocopherol (vitamin E) [10]. Vitamin 
B12 and folic acid assays were performed with a para-

magnetic particle, chemiluminescent immunoassay 
for the quantitative determination of levels in human 
serum using the Access immunoassay system (Beckman 
Instruments, Brea, CA, USA).

Validation of biochemical measurements

Hemoglobin levels were measured in duplicate in all of 
the samples; serum vitamin A, vitamin E, vitamin B12, 
and folic acid were measured in duplicate in 10% of the 
samples. For validation of vitamin A measurements, 
the average of the two values was calculated and the 
percentage of deviation from the average determined. 
The permissible percentage deviation from average was 
10% for vitamin A levels over 30 µg/dL and 15% for 
vitamin A levels between 15 and 30 µg/dL. The vitamin 
A levels of the subjects were within these averages. For 
validation of vitamin E measurements, the average of 
the two values was calculated and the percentage of 
deviation from the average determined. In all three 
rounds, the percentage of deviation from the average 
values did not exceed 10%.

Anthropometric measurements

The heights and weights of the children in the experi-
mental and control groups were recorded at baseline 
and 9 months.

Deworming

Both the experimental and the control children were 
given a tablet of albendazole (400 mg) at baseline 
and at 4 and 9 months later. Deworming was done to 
ensure that there were no worms competing for the 
micronutrients and that the intestinal tract was clear 
for absorption of the micronutrients [11, 12].

Clinical assessment

Clinical assessment of angular stomatitis, a condition 
caused by deficiencies of B-complex vitamins, was 
conducted by physicians before the start of the study 
and after 9 months of intervention.

Administration of iron

In most of the studies reviewed in the literature, iron 
was administered in the form of ferrous sulfate tablets 
for periods ranging from 2 to 8 months [13–16]. In our 
study, the experimental group received 10 mg of ele-
mental iron in the multiple-micronutrient supplement 
every day for 9 months. The iron was chelated ferrous 
sulfate along with malic acid as a biopromoter added. 
Chelated iron compounds have a much higher bioavail-
ability than inorganic iron compounds. The studies 
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reviewed in the literature mentioned ferrous sulfate, 
ferrous fumarate, and other iron compounds but did 
not mention chelated iron compounds [17–20].

Measurement of stability of the supplement

To determine the stability of the supplement, its com-
position was analyzed initially, after adding it to an 
Indian dish—sambar (lentil soup) and cooking it for 30 
minutes, and after storage for 10 months at 30°C and 
45% humidity. The required aliquots from the lentil 
soup were taken for the analysis of micronutrients. Six 
samples were taken before and after cooking. Micronu-
trient composition was analyzed by methods described 
in the Indian Pharmacopoeia [21].

Statistical analysis

Statistical analysis was performed with SPSS 11.0 
(SPSS Inc., Chicago IL, USA) and Microsoft Excel 2000 
(Microsoft Corp., Seattle WA, USA). Analysis of vari-
ance (ANOVA) was used to compare the micronutri-
ent status of the experimental and control groups and 
within the groups over time.

Ethical issues

The study was approved by the institutional review 
board of the Sundar Serendipity Foundation. Informed 
written consent was obtained from the school direc-
tors, and informed oral consent was obtained from the 
parents or legal guardians of all of the children. The 
parents of the children in the experimental schools 
were informed about the use of the supplement in all 
meals served in the schools and about the blood tests to 
be performed. The parents of the children in the con-
trol schools were informed that blood tests would be 
performed on all of the children and that children with 
severe anemia (hemoglobin < 8 g/dL) or biochemical 
vitamin A deficiency (serum retinol < 20 µg/dL) would 
be treated immediately. Anemic children were treated 
with ferrous sulfate tablets (60 mg elemental iron) for 
a period of 3 months. Serum vitamin A-deficient chil-
dren were treated with vitamin A tablets. These treated 
children were excluded from the study. All children 
who were anemic at the end of the study were treated 
with ferrous sulfate (60 mg elemental iron) daily for 
a period of 3 months. All children in the five schools 
were invited to participate in the study and all parents 
or legal guardians gave consent.

Results

Stability of the supplement

All micronutrients except vitamin A were very stable 

after 30 minutes of cooking and 10 months of storage 
(table 1). A drop of up to 20% in the potency of vita-
min A was observed during cooking, so the product was 
formulated to compensate for this loss of vitamin A.

Biochemical and clinical effects of the intervention

At baseline, the experimental and control groups had 
similar serum levels of vitamin E, vitamin B12, and 
folic acid, but the hemoglobin level was significantly 
(p < .05) lower and the serum vitamin A level was 
significantly higher in the experimental group than in 
the control group. The differences between the groups 
could be due to differences between the schools in 
the diets consumed or in other, unknown, factors. 
Therefore all the biochemical measurements were 
analyzed schoolwise to study the impact of the sup-
plementation.

At the end of 9 months of intervention there were 
significant (p < .05) improvements in the mean values 
of all of the biochemical measurements in the experi-
mental group (table 2). This pattern was also seen when 
the results from each school were individually analyzed 
(table 3). In the control group, there were significant 
decreases from baseline to 9 months in mean hemo-
globin and vitamin A levels, significant improvements 
in vitamins E and B12 levels, and no significant change 
in folic acid levels (table 2). This pattern was also seen 

TABLE 1. Composition of the multiple-micronutrient food 
supplement and its stability during cooking and storage) 

Micronutrient

Amount in the supplement

Initial 
amount

After 
30 min 
cooking

After 10 
mo storage

Vitamin A 
(IU/g)

3,000.00 2,425.00 2,326.00

Vitamin B2
(mg/g)

1.00 1.00 1.00

Calcium 
pantothenate 
(mg/g)

1.00 1.00 1.00

Niacin (mg/g) 15.00 15.00 14.91
Vitamin B6

(mg/g)
1.00 1.00 1.00

Folic acid (µg/g) 100.00 99.49 99.27
Vitamin B12

(µg/g)
1.00 1.00 1.00

Vitamin E 
(IU/g)

30.00 29.85 30.00

Vitamin C 
(mg/g)

30.00 28.01 23.96

Iron (mg/g) 10.00 10.00 10.00
Lysine (mg/g) 250.00 243.80 246.51
Calcium (% of 

weight)
13.75 13.75 13.75
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when the results from each school were individually 
analyzed (table 3). At 9 months, the mean values of all 
the biochemical measurements except vitamin E were 
significantly higher in the experimental group than in 
the control group (table 2).

To determine whether the intervention had any effect 
on biochemical measurements, the changes in all of the 
biochemical measurements from baseline to 9 months 
were compared between the experimental and control 
groups (table 4). The increase was significantly greater 
(p < .05) in the experimental group than the control 
group for all measurements. This result demonstrated 
the bioabsorption of iron, vitamin A, vitamin E, vita-
min B12, and folic acid from the supplement.

The prevalence of angular stomatitis at the start of 

the study was 16.2% in the experimental group and 
22.56% in the control group. At the end of the study, 
angular stomatitis had completely disappeared in the 
experimental group, whereas the prevalence remained 
at 25.40% in the control group (table 2).

Enhancement of stability and shelf life of the 
micronutrients

The supplement did not change the odor or color 
of any foods during cooking. The micronutrients in 
the supplement were also stable during storage and 
cooking. This was achieved by encapsulating the heat-
labile vitamins, such as vitamin C, with food-grade 
cellulose acetate phthalate to provide a heat-resistant 

TABLE 2. Biochemical and clinical measurements of children at baseline and 9-month endpoint (mean ± SD) 

Measurement

Experimental group Control group

N Baseline Endpoint N Baseline Endpoint

Hemoglobin (g/dL) 211 10.99 ± 1.41ab 11.38 ± 1.06be 202 11.32 ± 1.13ac 10.35 ± 0.99ce

Serum vitamin A (µg/dL) 82 47.18 ± 19.66ab 53.33 ± 25.82be 77 43.62 ±13.83ac 32.08 ± 10.74ce

Serum vitamin E (µg/dL) 82 910.90 ± 269.00b 1960.00 ± 400.80b 77 973.90 ± 314.00d 1932.55 ± 575.80d

Serum vitamin B12 (pg/mL) 44 193.66 ± 84.90b 1030.60 ± 1232.00be 54 217.29 ± 155.60d 440.24 ± 269.00de

Serum folic acid (ng/mL) 44 4.87 ± 1.31b 6.75 ± 2.17be 54 4.92 ± 1.09 5.08 ± 1.69e

Angular stomatitis (% of 
subjects) 

211 16.20 0 202 22.56 25.40

a.  Values at baseline differed significantly (p < .05) between experimental and control groups.
b.  Values increased significantly (p < .05) in experimental group from baseline to endpoint.
c.  Values decreased significantly (p < .05) in control group from baseline to endpoint.
d.  Values increased significantly (p < .05) in control group from baseline to endpoint.
e.  Values in experimental group were significantly (p < .05) higher than in control group at endpoint.

TABLE 3. Biochemical measurements according to school at baseline and 9-month endpoint (mean ± SD)

Measurement

Experimental group Control group

School N Baseline Endpoint School N Baseline Endpoint

Hemoglobin 
(g/dL)

A
B

169
42

11.20 ± 1.40a

10.14 ± 1.11a
11.60 ± 0.99a

10.54 ± 0.90a
C
D
E

90
70
42

10.71 ± 0.76b

12.14 ± 1.24b

11.34 ± 0.59b

10.38 ± 0.98b

9.96 ± 0.93b

10.99 ± 0.78b

Serum vitamin 
A (µg/dL)

A
B

75
7

48.36 ± 19.64a

34.57± 16.03
54.56 ± 25.45a

40.57± 28.20
C
D
E

35
28
14

36.93 ± 12.34b

46.83 ± 19.12b

41.00 ± 12.56b

29.80 ± 9.86b

34.00 ± 10.37b

32.43 ± 11.84b

Serum vitamin 
E (µg/dL)

A
B

75
7

932.64 ± 262.00a

715.77 ± 264.69a
1,971.73 ± 398.80a

1,862.22 ± 428.80a
C
D
E

35
28
14

976.65 ± 303.80a

1,098.30 ± 283.60a

699.50 ± 239.30a

2,071.25 ± 739.00a

1,916.20 ± 362.37a

1,618.57 ± 305.58a

Serum vitamin 
B12 (pg/mL)

A
B

36
8

202.26 ± 84.40a

169.87 ± 83.00a
1,060.31 ± 1,305.00a

815.25 ± 462.00a
C
D
E

26
16
12

253.15 ± 192.70a

214.18 ± 122.00a

141.27 ± 56.30a

499.54 ± 341.00a

340.25 ± 99.45a

482.42 ± 236.90a

Serum folic acid 
(ng/mL)

 A
B

36
8

4.73 ± 1.28a

5.53 ± 1.36
6.83 ± 2.33a

6.27 ± 1.27
C
D
E

26
16
12

4.57 ± 1.07
5.144± 1.04
5.39 ± 1.06

4.79 ± 1.22
4.78 ± 1.92
5.97 ± 1.75

a.  Significant improvement (p < .05) from baseline to endpoint.
b.  Significant decrease (p < .05) from baseline to endpoint.
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coat. Similarly, the B-complex vitamins were coated 
with glyceryl stearate or other edible waxes or gums 
to protect them and to mask the unpleasant taste of 
some B-complex vitamins. Vitamin A is already encap-
sulated in gum acacia and sugar by the manufacturers. 
Lysine, vitamin E, and calcium pantothenate were left 
uncoated. The iron source was ferrous sulfate, with 
chelating agents and biopromoter added to enhance 
its bioavailability even in the presence of dietary 
phytates.

Anthropometric effects

The heights and weights of 197 children in the experi-
mental group and 196 children in the control group 
were measured at baseline and at 9 months. There 
were no significant differences between the groups in 
changes in height or weight from baseline to 9 months. 
Therefore, we analyzed the data from children 5 to 10 
years of age and the data from children 11 to 15 years of 
age separately. Among children 5 to 10 years of age, the 
mean weight at the endpoint was significantly greater 
(p < .05) in the experimental group than in the control 
group, although at baseline there was no significant 

difference between the mean weights of the two groups 
(table 5). The mean increase in height was 3.525 cm 
in the experimental group and 2.93 cm in the control 
group (p < .05), but the mean increase in weight did 
not differ between the groups (table 6).

Discussion

The aim of this study was to test the efficacy of the 
delivery of multiple micronutrients in cooked food 
in residential schools. If the multiple-micronutrient 
food supplement remained stable during cooking and 
storage and was efficacious in the improvement of 
serum biochemical measurements, this study would 
provide basic evidence that this method of delivery 
works and should be considered for larger field com-
munity trials.

Since multiple micronutrients are responsible for 
erythropoiesis, earlier studies have shown that in 
populations where multiple micronutrient deficiencies 
exist, interventions with single micronutrients alone, 
such as iron and zinc, are not sufficient to mitigate 
the deficiencies [22, 23]. Earlier studies have shown 
that when multiple-micronutrient supplements are 
administered, it is the iron and zinc that cause linear 
growth in children [24]. In the present study, there were 
no significant differences in anthropometric measure-
ments between the experimental and control groups 
when each group was considered as a whole. However, 
if the children in the 5- to 10-year age group are studied 
separately, the increase in height is significantly greater 
in the experimental group. The difference in the result 
when the younger age group was considered separately 
may have been due to the occurrence of growth spurts 

TABLE 4. Changes in biochemical measurements from baseline to 9-month endpoint (mean ± SD)± SD)± a

Measurement

Experimental group Control group

N Change N Change

Hemoglobin (g/dL) 211 0.393 ± 1.12 202 –0.956 ± 1.33
Serum vitamin A (µg/dL) 82 6.038 ± 25.43 77 –10.064 ± 17.82
Serum vitamin E (µg/dL) 82 1,037.450 ± 393.00 77 903.520 ± 618.50
Serum vitamin B12 (pg/mL) 44 687.604 ± 1,110.00 54 233.283 ± 195.20
Serum folic acid (ng/mL) 44 1.864 ± 1.99 54 0.028 ± 1.60

a.  The change was significantly (p < .05) better in the experimental group than the control group for all 
measurements.

TABLE 5. Anthropometric measurements of children 5 to 10 years of age at baseline and 9-month endpoint 
(mean ± SD)

Measurement

Experimental group Control group

N Baseline Endpoint N Baseline Endpoint

Height (cm) 59 118.63 ± 7.07 122.15 ± 7.19 100 117.06 ± 10.59 119.99 ± 10.46
Weight (kg) 59 20.71 ± 3.28 22.53 ± 3.42a 100 19.57 ± 4.38 21.22 ± 4.97a

a.  Values were significantly (p < .05) higher in the experimental group than in the control group at endpoint.

TABLE 6. Changes in anthropometric measurements of chil-
dren 5 to 10 years of age from baseline to 9-month endpoint 
(mean ± SD)

Measurement N
Experimental 

group N
Control 
group

Height (cm) 59 3.53 ± 1.14a 100 2.93 ± 1.38a

Weight (kg) 59 1.82 ± 0.93 100 1.65 ± 1.11

a.  Values were significantly (p < .05) higher in the experimental 
group than in the control group at endpoint.
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at different ages.
Another reason for the development of the multiple-

micronutrient food supplement is the cost factor. The 
cost of the supplement is about 45 paise (1 US cent) 
per person per day. Without lysine, the cost would be 
only 0.5 US cent per person per day. This is extremely 
low compared with the cost of multiple-micronutrient 
tablets. Moreover, focus group discussions with people 
in Tamilnadu have shown that the people perceive 
tablets as medicine and would not consume them 
unless they were sick. When they were educated about 
the supplement and the need to add it to food during 
cooking, they readily accepted the concept.

The use of the supplement for 9 months resulted in 
a significant (p < .05) improvement in all biochemical 
measurements. Clinical signs of angular stomatitis, a 
condition caused by a deficiency of B-complex vita-
mins, especially vitamin B2, completely disappeared in 
the experimental group, whereas the prevalence of the 
condition remained the same in the control group. It 
could be inferred that the B-complex vitamins in gen-
eral, and vitamin B2 in particular, were absorbed from 
the supplement and that the higher level of ingestion of 
these micronutrients was a factor in the disappearance 
of angular stomatitis in the experimental group.

The hemoglobin level was significantly (p < .05) 
lower in the experimental group than in the control 
group at baseline, but at the endpoint it was signifi-
cantly higher in the experimental group than in the 
control group. Over the 9-month period, there was a 
significant increase in hemoglobin level in the experi-
mental group and a significant decline in the control 
group. This same pattern was seen when each of the 
schools was individually analyzed. The mean increase 
in hemoglobin level in the experimental group was 
0.393 g/dL, and the mean decrease in hemoglobin level 
in the control group was 0.9556 g/dL. A statistically 
significant decline in hemoglobin in children aged 5 to 
15 years has been observed elsewhere [25]. It may be 
due to the insufficient bioavailability of iron from the 
predominantly vegetarian cereal-based diets of these 
children or the diversion of iron to myoglobin in the 
muscles as the children grow. This, however, needs to 
be verified by conducting further prevalence studies 
on anemia over a period of 10 months to one year in a 
similar population.

The serum vitamin A level at baseline was signifi-
cantly (p < .05) higher in the experimental group than 
in the control group. However, over the 9-month 
period, vitamin A values significantly increased in the 
experimental group and significantly decreased in the 
control group. At endpoint, the mean serum vitamin A 
level in the experimental group was significantly higher 

than in the control group. This trend was also seen 
when each school was individually analyzed. No illness 
or infection was observed in any of the control schools. 
The reason for the decline in serum vitamin A in the 
control schools is unknown, and similar prevalence 
studies in similar children are warranted.

The normal ranges of serum vitamin B12 and E levels 
are 200 to 950 pg/mL and 500 to 1,800 µg/dL, respec-
tively. The same method (HPLC) was used to measure 
both vitamins A and E; the times of elution of both of 
these compounds are a few minutes apart. There was 
a significant increase in serum vitamins E and B12 in 
both groups. The same trend was seen when the schools 
were individually analyzed. The increases in the levels 
of these two vitamins were significantly (p < .05) higher 
in the experimental group than in the control group.

The normal range of serum folic acid levels is 3 to 
17 ng/mL. In the experimental group, there were three 
children with serum folic acid levels < 3 ng/mL at base-
line, and there were none in the experimental group 
at endpoint. In the control group, there were three 
children with serum folic acid < 3 ng/mL at baseline, 
and at endpoint there were two children with serum 
folic acid < 3 ng/mL. There was no significant differ-
ence between the experimental and control groups in 
serum folic acid at baseline. There was no change in 
folic acid levels in the control group, whereas there 
was a significant increase (p < .05) in the experimental 
group at endpoint. The same pattern was seen when the 
data from each school were individually analyzed.

These trends in biochemical measurements dem-
onstrate the bioavailability of the micronutrients in 
the supplement. Similar improvements in vitamin A 
and hemoglobin levels have been seen in other trials 
in which multiple-micronutrient tablets have been 
administered to schoolchildren [26–28]. Thus, it can be 
concluded that the delivery of multiple micronutrients 
by the method of supplementation described in this 
study, i.e., through the food route, is as efficient as the 
conventional method of supplementation through 
tablets.

Conclusions

Vitamin A, vitamin E, vitamin B12, folic acid, the 
other B vitamins, and iron are bioavailable from a 
multiple-micronutrient food supplement added to 
food during cooking. Long-term community trials 
should be undertaken to establish the efficacy of this 
pathway of supplementation to combat micronutrient 
malnourishment.

Impact of a multiple-micronutrient food supplement
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Abstract

Background. The diet of low-income Guatemalan popu-
lations is mostly plant-based, deficient in some vitamins 
and minerals, and rich in antinutritional compounds that 
reduce the bioavailability of several micronutrients.

Objective. To describe the manner in which low-income 
Guatemalan women in rural and urban settings would 
prepare dishes for main meals using a high-density mul-
timicronutrient condiment (HDMC) and to compare the 
nutrient density and contribution to the recommended 
dietary allowance (RDA) of the dishes with and without 
added HDMC.

Methods. A sample of 30 women, 15 each from rural 
and urban households, were enrolled. The women were 
given 20 g of the HDMC and asked to prepare a dish at 
home, serve it to their families at a time of their own choos-
ing, record the recipe and the amount of condiment added, 
and report these facts to an interviewer on the following 
day. The nutrient content of each dish was calculated from 
food-composition table values for raw, whole ingredients 
and the package label values for the HDMC.

Results. For all dishes combined, the HDMC provided 
on average 78% of the total vitamins. The proportion of 
the total vitamins provided by the HDMC varied greatly 
among different dishes. Typically a single serving of a dish 
without added HDMC provided less than half of the RDA 
(vitamin B12 and folate) for children and adult women. 
The midday meal is the most important meal of the day 
and should provide at least half of the RDA of all essential 
nutrients. With the HDMC added, the dishes on average 
provided 2 to 10 times the RDA for nutrients such as vita-

mins B6 and C and niacin in the reference children, and 6 and C and niacin in the reference children, and 6
just satisfied the RDA intake for corresponding nutrients 
in adult women. 

Conclusions. The proportion of the RDAs of micronutri-
ents provided by this novel, micronutrient-rich condiment 
varies over a wide range, depending on idiosyncrasies of 
recipe ingredients, amounts of condiment added, individu-
als served, and age- and physiology-dependent require-
ments. HDMCs could provide an efficient way to deliver 
essential micronutrients to vulnerable populations.

Key words: Fat-based condiments, Guatemala, high-
density micronutrient condiments, micronutrients, 
recipe creation, supplements, vitamins

Introduction

The bases of the Guatemalan diet have been well 
studied [1]. The major staples are maize and legumes, 
complemented by other cereals, vegetables, and fruits 
and low amounts of animal products. This makes for 
a diet with low densities of some micronutrients and 
low bioavailability of others. As a result, the majority of 
the low-income members of Guatemalan society either 
consume or absorb insufficient amounts of vitamins 
and minerals to meet the reference norms for require-
ments and recommendations [2–4]. This is reflected 
in the prevalence of deficiencies of vitamin A [5], iron 
[6], zinc [7], and riboflavin [8], among other examples 
of micronutrient malnutrition.

The public health response to dietary micronutri-
ent deficits has tended to deal individually with each 
specific nutrient, for example, by supplementation or 
fortification programs for vitamin A [9, 10] or iodiza-
tion of salt [11]. To prevent iron deficiency and anemia 
prenatally, iron is combined with folic acid [12]. How-
ever, many have argued that approaches to micronutri-
ent deficiency should simultaneously address a broad 
range of nutrients, not just one or two [13–16]. This 

Contribution of a novel high-density micronutrient 
condiment (HDMC) to nutrient adequacy of home-
Contribution of a novel high-density micronutrient 
condiment (HDMC) to nutrient adequacy of home-
Contribution of a novel high-density micronutrient 

prepared Guatemalan dishes
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principle is embodied in microencapsulated sprinkles 
[17] and foodlets* [18].

A fat-based condiment product developed initially for 
protein–energy malnutrition rehabilitation in famine 
situations [14, 218] has storage advantages in tropical 
countries [19]. In situations in which energy deficit is 
not a problem, the same basic formulation represents a 
promising vehicle to bring multiple micronutrients to 
individuals in the form of a condiment product similar 
to a bouillon cube. Bouillon cubes are widely used in 
cooking throughout the world. They are well adapted to 
cuisines based on soups, stews, and casseroles, which are 
basically solid food elements floating in a liquid stock.

The purpose of this study was to provide low-income 
women with the pilot version of this high-density 
multimicronutrient condiment (HDMC) and make 
standardized observations on how the product could be 
incorporated into common dishes for their households. 
Because the concentrations of the micronutrients in 
the condiment had been arbitrarily decided by the 
manufacturer, this study was conducted to explore how 
low-income women in this setting would use the condi-
ment, in order to allow for further adjustments to the 
final formulation. We report the nature and diversity 
of the recipes that were created to use the HDMC, the 
amounts of the condiment used in various dishes, and 
the relative contribution of the intrinsic (food) and 
extrinsic (HDMC) micronutrients to the dishes and 
to micronutrient requirements.

Subjects and methods

Subjects

Thirty low-income women 18 to 50 years of age par-
ticipated in this study; 15 of them were mothers of 
children attending one of three day-care centers in 
Guatemala City (urban setting), and the other 15 were 
mothers living in Buena Vista, Sacatepequez (rural 
setting). CeSSIAM´s Human Subjects Committee 
reviewed all ethical considerations and approved the 
study. Oral informed consent was obtained from pro-
spective participants; more than 90% of those asked 
agreed to participate.

Methods

A preliminary trial was performed to determine what 

flavors of HDMC the mothers preferred. The tested 
flavors were couscous (a coarsely ground semolina 
pasta used as a staple in North African countries), 
beef, and chicken. Twenty-gram samples of the most 
preferred variety in the urban area (chicken flavor) 
and the rural area (couscous flavor) were distributed 
to the subjects, who were asked to prepare a recipe of 
their own creation using common ingredients. The 
products delivered were prototype formulations of 
highly nutrient-dense spreads (HNDS) (Nutriset, 
Malaunay, France), with a preliminary nutrient mixture 
formulation pending definitive composition of a final 
preparation. The vitamin contents per 100 g of product 
are shown in table 1.

The day after receiving the HDMC, the mothers were 
asked to recall how the recipe was prepared, the ingre-
dients used, and which family members had consumed 
the dishes. Common measures, such as cups and table-
spoons, were employed by the participants to quantify 
the ingredients used in the recipes. The participants 
were also requested to rate the organoleptic quality of 
their dishes by simply reporting whether they and their 
families liked or disliked the dishes. No additional data 
regarding other foods consumed during the same meal 
were collected.

Food-composition tables from INCAP (Instituto de 
Nutrición de Centroamérica y Panamá) [20] were used 
to determine the nutritional content of the raw and 
whole ingredients used in the recipes, and the values 
on the HDMC package label served to complete the 
nutritional information for the recipe. The values given 
throughout this paper are maximum values, since the 
expected losses from exposure to heat and other interac-
tions in the foods are disregarded. The nutrient contents 
of each dish were computed and interpreted in terms of 
nutrient density, average individual intakes, and contri-
bution to average individual RDA adequacy.

The significance of differences between groups was 
determined by the t-test; a t-test; a t p value less than .05 was con-
sidered to indicate statistical significance.

TABLE 1. Amounts of vitamins per 100 g of HDMC and per 
20-g portion distributed to households

Vitamin mg/100 g mg/20 g

Vitamin A 20 4
Vitamin C 6,667 1,333.4
Vitamin B1 53 10.6
Vitamin B2 87 17.4
Vitamin B6 87 17.4
Vitamin B12 0.067 0.013
Folic acid 9.33 1.87
Niacin 1,000 200

HDMC, high-density micronutrient condiment

*The term “foodlet” is a generic denomination for a vehicle 
of multiple micronutrient supplementation in the form of 
a miniature food item or condiment (from “food” plus the 
French diminutive “let”). It was coined at an ad hoc meet-
ing of researchers and public health professionals in Rio de 
Janeiro in 1999. The derivative “FOODlet” is used for spreads 
or Sprinkles forms, whereas “foodLET” refers to the form of a 
small chewable candy, incorporating the features of a tablet.

M. Orozco et al.
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TABLE 2. Recipes from the rural and urban areas

Rural recipe

R1
½ lb noodles
5 tomatoes
1 onion
5 tbsp vegetable oil

R2
1 lb rice
1 small onion
3 tomatoes
½ lb green peas
1 carrot
oil for frying

R3
¼ lb noodles
3 tomatoes
1 small onion
3 sausages
2 small celery stems
salt
1 tbsp water

R4
½ lb chicken
1 tomato
1 small onion
1 carrot
1 potato
½ guisquila

1 oz string beans
salt

R5
½ lb noodles
2 tomatoes
1 onion
oil for frying
salt

R6
½ lb noodles
2 tomatoes
1 onion
oil for frying
salt 

R7
2 eggs
1 onion
8 tomatoes
oil for frying
salt

R8
2 sausages
10 tomatoes
1 onion
oil for frying

R9
1 chorizo
½ tomato
½ onion
2 cilantro stems
bay leaves
oil for frying
salt

R10
1 guisquil
2 tomatoes
1 onion
1 carrot
2 big potatoes
2 lb rice
3 tbsp vegetable oil

R11
1 lb rice
2 tomatoes
1 onion
2 tbsp vegetable oil

R12
2½ lb chicken
4 tomatoes
2 slices onion
1 stem celery
3 guisquiles
½ lb noodles

R13
½ lb noodles
3 tomatoes
1 slice onion
6 guisquiles

R14
2 lb chicken
10 tomatoes
1 onion
1 slice garlic
1 tbsp vegetable oil

R15
1½ lb chicken
3 tomatoes
1 onion
2 guisquiles
½ guicoyc

½ lb noodles

Urban recipes

U1
½ lb ground beef 

meat
2 guisquiles
6 carrots
1 small celery stem
1 green pepper
salt to season
oil for frying 

U2
1 ½ lb chicken
½ lb rice
4 tomatoes
1 onion
cilantro
½ tbsp minced garlic

U3
1 lb chicken
½ guisquil
2 carrots
1 tomato
1 onion
cilantro

U4
4 oz chicken
4 oz noodles
½ onion
¼ guisquil
¼ carrot
¼ lb broccoli
1 tbsp soy sauce
oil for frying

U5
1 lb spinach
2 eggs
½ onion
1 tomato
1 small garlic
oil for frying

U6
8 tomatoes
1 onion
1 red pepper
½ tsp minced garlic
5 sausages
2 eggs
butter
½ lb cheddar cheese 

U7
6 pieces chicken
2 green peppers
1 onion
½ tbsp margarine
6 oz cream
1 tbsp mustard

U8
½ lb noodles
½ onion
1 package tomato 

sauce
1 pinch salt to season

U9
2 tomatoes
1 onion
1 green pepper
1 potato
2 slices garlic
1 lb beef meat
oil for frying (about 3 

tbsp)

U10
1 tomato
1 carrot
1 small green pepper
2 potatoes
1 slice garlic
1 lb rice
oil for frying (about 

3 tbsp)

U11
1 lb macuyb

1 pinch salt

U12
2 tomatoes
4 celery stems
1 green pepper
1 onion
1 lb chicken
½ lb rice
1 pinch salt

U13
1 lb tomatoes
1 green pepper
1 onion
2 lb chicken
1 lb potatoes
½ tsp salt

U14
1 lb tomatoes
1 oz peppers
1 onion
2 lb red beans
1 lb fried pig skin
2 oz husk tomatoes
2 oz toasted pumpkin 

seeds
oregano
1 tsp salt

U15
1 onion
1 can yellow corn
1 lb rice
1 pinch salt
4 tbsp vegetable oil

a. Guisquil: “Chayote,” Sechium edule (Jacq.) Swartz.Sechium edule (Jacq.) Swartz.Sechium edule
b. Macuy: Herb (Solanum americanum). 
c. Guicoy: cucurbit similar to a pumpkin.
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Results

Household demographics

The number of persons consuming meals per house-
hold in the 30 families ranged from 2 to 11, with a 
median of 5 and a mode of 3. The median was 4 in 
urban households and 5 in rural households.

Characteristics of the recipes

The individual recipes from the 30 households are pro-
vided in table 2. Nine basic categories of dishes were 
created, as shown on the horizontal axis of figure 1. They 
are arranged from left to right from the most simple and 
plant-based to those based on animal products. The 
most popular items were chicken dishes, followed by 
pasta dishes, soups, and rice dishes. The distribution 
suggests a gradient from simpler dishes for rural families 
to more animal-based dishes for urban families.

The number of ingredients in the dishes ranged 
from one to nine, with a median number of five. The 
mean number of ingredients per dish was 6.1 ± 1.6 
for urban recipes and 5.5 ± 1.2 for rural recipes (p = 
.52). The total energy of the dishes ranged from 161 to 
4,699 kcal (mean, 1,608 ± 1,142; median, 1,629). The 
average energy per dish per consumer ranged from 26 
to 1,566 kcal.

All of the participants from the rural and urban 
areas stated that they and their families liked the dishes 
prepared with the HDMC.

Distribution of the provision of micronutrients 
from food ingredients (intrinsic) and added HDMC 
(extrinsic)

Figure 2 shows the distribution of the amounts of 
HDMC added to the dishes. The median amount 
ranged from 10 to 14.9 g per dish. Rural mothers used 
more of the condiment than urban mothers: for the 
urban households the median ranged from 10 to 14.9 

and for the rural group 20 g.
Table 3 shows the average contribution of the 

vitamins in the HDMC (extrinsic contribution) as 
a percentage of the total amount of vitamins in the 
dishes for the whole group and for urban and rural 
participants. The differences between these percentages 
and 100% represent the percentages of the amounts of 

FIG. 1. Percentage of dishes prepared by urban (open bars) and rural (shaded 
bars) women according to category of recipe
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FIG. 2. Percentage of dishes prepared by urban (open bars) 
and rural (shaded bars) women according to amount of 
HDMC added
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TABLE 3. Percentages of amounts of vitamins in dishes that 
were provided by the HDMC (mean ± SD)

Vitamin
All 

participants Urban Rural 

Riboflavin 85 ± 13 79 ± 13 91 ± 11
Vitamin C 85 ± 14 81 ± 16 88 ± 11
Vitamin B12 83 ± 22 77 ± 24 89 ± 18
Thiamine 81 ± 12 80 ± 12 82 ± 13
Niacin 77 ± 21 70 ± 20 83 ± 20
Vitamin B6 73 ± 27 59 ± 27 87 ± 18
Folates 72 ± 20 70 ± 22 74 ± 19
Vitamin A 67 ± 32 78 ± 26 56 ± 35
All vitamins 78 ± 7 74 ± 7 81 ± 12

HDMC, high-density micronutrient condiment
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vitamins contributed by the food ingredients (intrinsic 
contribution). For the group as a whole, the percentage 
of vitamins contributed by the HDMC was highest for 
riboflavin and vitamin C, and the percentage contrib-
uted by the food ingredients was highest for vitamin A. 
For the urban group, the percentage contributed by the 
food ingredients was highest for vitamin B6.

Table 4A gives the amount of each vitamin per dish, 
its density (the amount per 1,000 kcal), and the amount 
per individual serving for dishes prepared without 
added HDMC. Three of these dishes had no calcula-
ble amount of at least one of the vitamins of interest, 
and two others had no more that 0.5 mg of one of the 
vitamins of interest.

The amount of vitamin per dish varied greatly among 
the different dishes. The nutrient density of the dishes 
per 1,000 kcal ranged from 0.5 of the adult RDA for 
vitamin B12 to twice the adult RDA for vitamin A.

Table 4B gives the same statistics for dishes prepared 
with added HDMC. If we examine the differences 
between the lowest and the highest absolute amount of 
any of the nutrients in the spread as consumed by house-
hold members, we find that the greatest amount of vita-
min B12 was 9 times greater than the least amount. At the 
other extreme, there was a 110-fold difference between 
the least amount of vitamin A derived by any participant 
from the HDMC in their meal and the greatest.

The increase in the quantities of nutrients per 
consumer ranged from 2- to 8-fold after the addition 
of HDMC, but the amounts consumed by individu-
als are hard to interpret in isolation. Hence, we have 
provided the descriptive statistics for what would be 
the contribution to the dietary reference intake (DRI)-
RDA with respect to U.S. and Canadian norms [21] for 
4- to 8-year old children, nonpregnant adult women, 
pregnant adult women, and lactating adult women. 
These assumptions (i.e., uniform portion size across 
generations and standard reference recipes from food 
composition tables) has several shortcomings, since 
portion sizes for these four groups will differ sub-
stantially, and members of different genders and age 
groups in a family would have different daily energy 
requirements or needs.

However, it is common opinion that servings of the 
midday meal are more equitable among family mem-
bers than are those of the morning and late evening 
meals. Since we do not have empirical data on differ-
ences in the amounts of servings among the consumers, 
the simplest mathematical assumption is that of equal 
partition. Tables 5A and 5B shows the percentages of 
the RDA adequacy of vitamins for the four groups 
supplied by the dishes prepared without and with 
added HDMC, respectively, on the assumption that 
each family member consumes the same amount of 

TABLE 4. Amounts of vitamins in principal dishes prepared in rural and urban Guatemalan households (mean ± SD [range])a

A. Without added HDMC

Vitamin Amount per dish
Density per 
1,000 kcal Amount per consumer

Vitamin A (RE) 1,358 ± 2,727 (6–14,062) 1,350 ± 2,500 (6 – 9,570) 375 ± 878 (1 – 4,685)
Vitamin C (mg) 114 ± 96 (4–416) 168 ± 374 (5–2,045) 32 ± 29 (1–104)
Thiamine (mg) 1.2 ± 0.9 (0.1–3.5) 1.1 ± 1.0 (0.2–4.4) 0.3 ± 0.3 (0.03– 1.2)
Riboflavin (mg) 1.4 ± 1.5 (0.2–8.6) 1.4 ± 1.8 (0.2–7.8) 0.4 ± 1.8 (0.02–2.9)
Niacin (mg) 30.2 ± 28.2 (1.6–100.3) 19.4 ± 10.6 (3.6–48.5) 8.2 ± 8.5 (0.4–33.4)
Vitamin B6 (mg) 4.2 ± 5.7 (0–24.4) 3.0 ± 4.3 (0–18.0) 1.2 ± 1.8 (0–8.1)

Folates (µg) 463 ± 535 (0–1,874) 419 ± 657 (0–3,548) 139 ± 183 (0–625)

Vitamin B12 (µg) 1.6 ± 2.5 (0–12.5) 1.4 ± 1.9 (0–6.3) 0.4 ± 0.5 (0–2.5)

B. With added HDMC

Vitamin Amount per dish Density per 1,000 kcal Amount per consumer

Vitamin A (RE) 3,583 ± 2,842 (444–16,062) 4,613 ± 5,034 (224–8,727) 1,000 ± 985 (89–5,359)
Vitamin C (mg) 896 ± 438 (36–1,638) 1,266 ± 157 (111–6,342) 240 ± 157 (39–681)
Thiamine (mg) 7.5 ± 3.7 (1.9–14.1) 9.9 ± 11.5 (0.9–48.8) 2.0 ± 1.4 (0.3–6.5)
Riboflavin (mg) 12.1 ± 5.6 (3.1–20.4) 16.0 ± 18.5 (1.45–80.1) 3.2 ± 2.0 (0.5–9.2)
Niacin (mg) 148 ± 65 (55–300) 185 ± 207 (24–903) 40 ± 24 (12–109)
Vitamin B6 (mg) 14.8 ± 6.9 (5.3–33.1) 17.6 ± 17.9 (1.9–79.3) 4.0 ± 2.4 (0.9–11.0)

Folates (µg) 1,575 ± 868 (327–3,716) 1,974 ± 2,132 (154–8,976) 435 ± 326 (55–1,239)

Vitamin B12 (µg) 9.8 ± 4.3 (2.9–18.6) 12.7 ±  14.9 (1.1–65.9) 2.5 ± 1.4 (0.7–6.7)

HDMC, high-density micronutrient condiment
a. The values are maximum estimates, since it is assumed that there are no losses of nutrients from the ingredients or the HDMC during 

processing and preparation of the dishes.
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food. On a daily basis, the child has the lowest require-
ment and the pregnant or lactating woman the highest, 
depending on the particular vitamin. 

When the HDMC was added, lactating women 
obtained, on average, 99% of their RDA of vitamin A, 
but the percentage ranged from only 7% in one house-
hold to over 700% in another. This information is valu-
able to determine the range of exposure of the HDMC 
across the population in order to adjust the exposure 
of various nutrients to characterize the contribution or 

risk of excessive intake. We expect that the final formu-
lation of the HDMC will contain lower concentrations 
of vitamin A than the prototype version used here. For 
this group of women, the RDA for vitamin B12 intake 
was just satisfied, on average, by the dishes prepared in 
individual households, which provided them with from 
one-quarter to almost five times the RDA from a serv-
ing of the HDMC-containing dish. Single servings of 
the meals with added HDMC would cover, on average, 
the daily requirements for the other micronutrients 

TABLE 5. Percentage of RDAs of vitamins provided by principal dishes prepared in rural and urban Guate-
malan households (mean ± SD [range])a

A. Without added HDMC

Vitamin Children (4–8 yr) Adult women Pregnant women Lactating women

Vitamin A (RE) 179 ± 415
(1–2,194)

102 ± 237
(0.4–1,254)

93 ± 216
(0.4–1,140)

55 ± 128
(0.2–675)

Vitamin C (mg) 127 ± 117
(4–416)

42 ± 39
(1.5–139)

37 ± 35
(1.3–122)

26 ± 24
(1 ± 87)

Thiamine (mg) 58 ± 51
(8–200)

32 ± 28
(5–109)

25 ± 22
(4–86)

25 ± 22
(4–86)

Riboflavin (mg) 69 ± 86
(5–480)

37 ± 47
(3–262)

29 ± 37
(2–206)

26 ± 32
(2–180)

Niacin (mg) 104 ± 105
(5–418)

59 ± 60
(3–239)

46 ± 47
(2–186)

49 ± 49
(2–197)

Vitamin B6 (mg) 196 ± 293
(0–1358)

266 ± 163
(59–737)

62 ± 92
(0–429)

59 ± 88
(0–407)

Folates (µg) 72 ± 91
(0–312)

36 ± 45
(0–156)

24 ± 30
(0–104)

29 ± 36
(0–125)

Vitamin B12 (µg) 31 ± 44
(0–208)

15 ± 22
(0–104)

14 ± 20
(0–96)

13 ± 19
(0– 89)

B. With added HDMC

Vitamin Children (4–8 yr) Adult women Pregnant women Lactating women

Vitamin A (RE) 332 ± 430
(24–2,360)

190 ± 246
(14–1,349)

173 ± 223
(13–1,226)

102 ± 132
(7–726)

Vitamin C (mg) 960 ± 628
(158–2,723)

320 ± 209
(53–908)

282 ± 185
(46–801)

200 ± 131
(33 ± 567)

Thiamine (mg) 334 ± 232
(52–1,083)

182 ± 126
(28–591)

143 ± 99
(22–464)

143 ± 99
(22–464)

Riboflavin (mg) 536 ± 339
(86–1,540)

293 ± 185
(47–840)

230 ± 145
(37–660)

158 ± 97
(34–428)

Niacin (mg) 495 ± 305
(144–1,361)

283 ± 174
(82–778)

220 ± 136
(64– 605)

233 ± 144
(68–640)

Vitamin B6 (mg) 664 ± 407
(148–1,842)

266 ± 163
(59–737)

210 ± 128
(47–582)

199 ± 122
(44–553)

Folates (µg) 217 ± 163
(27–619)

109 ± 82
(14–310)

73 ± 54
(9–206)

87 ± 65
(11–248)

Vitamin B12 (µg) 241 ± 204
(58–1,117)

120 ± 102
(29–558)

111 ± 94
(27–515)

103 ± 87
(25– 479)

HDMC, high-density micronutrient condiment
a. The values are maximum estimates, since it is assumed that there are no losses of nutrients from the ingredients or the 

HDMC during processing and preparation of the dishes.
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studied. A young schoolchild in the same household 
would exceed his or her RDA with a single serving from 
the average dish, with a 2.2-fold excess for folates and 
a 2.4-fold excess for vitamin A, to an almost 10-fold 
excess per typical serving for vitamin C and a more 
than 5-fold excess for riboflavin and vitamin B6.

Discussion

Food-based supplementation strategies represent a 
new option for fighting micronutrient deficiencies 
in underdeveloped countries. The idea arose out of a 
search for efficient and sustainable solutions to food 
shortages in vulnerable populations, and the highly 
nutrient-dense spreads (HNDS) were designed as an 
alternative to traditional supplements used in these 
situations [18]. We and others have adapted a sweet 
spread, but the emphasis is not on energy and protein 
but rather on vitamin and mineral sufficiency. The use 
of fortified spreads for this purpose was pioneered by 
Lopriore and Branca [19] for iron deficiency, and the 
high-density multimicronutrient condiment (HDMC) 
used in this study has evolved from an HNDS.

Several factors have to be taken into considera-
tion when designing strategies for these populations. 
Palatability has become an important factor for the 
success of a home fortification program. In this study, 
the palatability of dishes prepared with the HDMC 
was assessed by questioning the women who prepared 
the dishes for their families. This study also aimed to 
determine the ways these new elements could be used 
in the traditional cuisine of low-income Guatemalans. 
Food-composition tables allowed determination of 
the nutritional contribution of the ingredients of 
the dishes and the improvement of their nutritional 
quality with the addition of the HDMC. The use of 
food-composition tables to estimate the amounts of 
micronutrients in diets and specific foods has well-
recognized shortcomings. Direct chemical analysis 
of composite samples would be the gold-standard 
method; however, the resources available and the need 
for rapid screening made the use of food-composition 
tables the best option.

Some assumptions were made in order to calculate 
the nutritional content of the recipes and the individual 
consumption of micronutrients. The nutritional content 
of the dishes was determined on the basis of raw ingredi-
ents, without consideration of the losses due to heating 
during cooking. This method overestimates the content 
of labile vitamins in the dishes and represents one of the 
major weaknesses of the study. To calculate the quantity 
of micronutrients consumed per person, we divided the 
quantity of micronutrients in the dish by the number of 
family members, on the assumption that everyone ate 
the same amount and that there were no leftovers. This 
method can overestimate or underestimate individual 

micronutrient intakes.
The diet of the average Guatemalan consists of three 

main meals and a series of snacks. Breakfast and supper 
are primarily grain-based and consist of tortillas or 
bread, beans, and a beverage (coffee or gruel). Eggs 
and fruits such as bananas or plantains (hard, starchy 
bananas used for cooking, which are a staple food in 
tropical regions) are also part of the “bookend” meals, 
equivalent meals on either side of the main midday 
meal. Traditionally in Guatemala, lunch is the most 
varied meal of the day, with a main dish accompanied 
by a beverage (such as a fruit drink or coffee), tortillas, 
and often a fresh fruit or sweet for dessert. In terms of 
the energy contribution from main meals, we based our 
distribution model on the generally accepted view that 
in Guatemala the midday meal supplies about 50% of 
daily energy [1, 22]. This rule could also be applied to 
the micronutrient content of foods. According to our 
results, in some cases the intrinsic ingredients of the 
recipes could not provide 50% of the RDAs of folic 
acid, thiamine, riboflavin, and vitamin B12 for lactating 
or pregnant women. However, given the low nutrient 
density and bioavailability of some micronutrients in 
the maize- and legume-based morning and evening 
meals of low-income Guatemalans [23, 24], there is a 
demand on the midday main meal to supply on average 
considerably more than 50% of the RDAs of the micro-
nutrients. The addition of the HDMC considerably 
increased the nutritional contents of the dishes.

In the life-cycle approach taken in table 5, we are 
confronted with the biological reality of the great 
diversity, within the same household, of nutrient rec-
ommendations for members of different generations. If 
a typical individual portion from an HDMC-enriched 
household dish met the needs of a pregnant or lactating 
woman, it would not be unreasonable to assume that a 
schoolchild would receive an excess of some nutrients, 
such as vitamin A, from the same portion. With the 
observed use of the condiment in our study homes, 
the average intake of vitamin A for a 4- to 8-year-old 
child consuming a typical portion of the main meal 
dish with added HDMC would be 2.2 to 9.6 times the 
basic need, and in some households the intake would 
be 20 or more times the quantity needed. Little concern 
arises from excessive intake of the added water-solu-
ble vitamins, but vitamin A represents a special case. 
Alternatively, the use of provitamin A carotenoids, such 
as β-carotene, which would be compatible with the 
fat-based HDMC, might mitigate any risk of hypervi-
taminosis A. Therefore, although we still look for ways 
to support the needs of pregnant and lactating women, 
the use of HDMC could carry the risk of producing 
chronic excessive intakes of some nutrients because 
of the possibility that a consumer could consistently 
and frequently add large amounts of the condiment to 
household dishes.

We see marked contrasts across the generations. On 
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average, one serving of a dish without added HDMC 
would satisfy 100% of a child’s RDAs for vitamin C, 
niacin, vitamin B6, and vitamin A, whereas none of 
the requirements for adult women in any physiological 
state would be satisfied by one serving of a dish alone. 
Even when HDMC was added, pregnant and lactat-
ing women on average did not obtain their RDA of 
folates.

The use of HDMC in the studied group needs further 
exploration. It will be necessary in the future to adjust 
the micronutrient composition according to local needs 
and adapt it to the culinary realities in different cultural 
settings. Although the recipes were very well accepted by 
all of the participant mothers, a Guatemalan flavor, such 
as that of the local chicken- and beef-flavored powdered 

bouillon, might enhance the overall acceptability of the 
supplement. HDMCs could provide an efficient way to 
deliver essential micronutrients to vulnerable popula-
tions; their apparent versatility provides additional value 
to this new possibility of fighting micronutrient deficien-
cies in the world.
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Abstract

Background. Iron deficiency is a common nutritional 
problem in young children among vulnerable popula-
tions in Jordan. Several studies have shown the effective-
ness of intermittent iron supplementation in improving 
iron status. Such a study has not been carried out in 
2- to-6-year-old Jordanian children diagnosed with iron 
deficiency anemia in a clinical setting.

Objective. To study the effectiveness of intermittent 
versus daily iron treatment in a clinical setting in 2- 
to 6-year-old Jordanian children with iron-deficiency 
anemia.

Methods. About 4,400 children aged 2 to 6 years 
who visited Prince Hashim Military Hospital in Zarqa, 
Jordan, from August 2000 to June 2001 were screened for 
age, general health, and birthweight. About 10% of these 
children were screened for anemia, using complete blood 
count (defined as a hemoglobin level ≤ 10.5 g/dL, and ≤ 10.5 g/dL, and ≤
a mean corpuscular volume ≤ 75 fL). Anemic children 
underwent further screening for iron deficiency, defined 
as serum ferritin level ≤ 12 ≤ 12 ≤ µg/L. Children with iron-defi-µg/L. Children with iron-defi-µ
ciency anemia, as indicated by hemoglobin ≤ 10.5 g/dL, ≤ 10.5 g/dL, ≤
mean corpuscular volume ≤ 75 fL, and serum ferritin 
≤ 12 ≤ 12 ≤ µg/L, or as indicated by mean corpuscular volume µg/L, or as indicated by mean corpuscular volume µ
≤ 75 fL and hemoglobin ≤ 10.5 g/dL, were enrolled in 
the study after informed oral consent by their parents. 
Study children (n = 134) were assigned randomly to one 
of three groups. Subjects in group 1 (n = 45), group 2 
(n = 45), and group 3 (n = 44) received iron treatment 
daily, weekly, and twice weekly, respectively. Out of 134 
children recruited for the study, only 63 (39 boys and 24 

girls) completed the 3-month treatment period. All of 
the children received medicinal iron drops at a dosage 
of 5 mg elemental iron as ferrous sulfate per kilogram 
of body weight. The parents also received nutritional 
counseling.

Results. At the end of treatment, hemoglobin, serum 
ferritin, hematocrit, mean corpuscular volume, mean cor-
puscular hemoglobin, and mean corpuscular hemoglobin 
concentration increased significantly in all groups with 
no significant differences between groups. The increases in 
hemoglobin in groups 1, 2, and 3 were 2.47 ± 0.17, 2.12 ± 0.17, 2.12 ± ±
0.18, and 2.18 ± 0.18 g/dL, respectively. Measurements of ± 0.18 g/dL, respectively. Measurements of ±
final serum ferritin concentration were available for only 
12, 12, and 10 children in groups 1, 2, and 3, respectively.
In all children who completed the study, except for one 
in group 1, hemoglobin, mean corpuscular volume, and 
serum ferritin reached normal values in response to iron 
treatment.

Conclusions. Weekly and twice-weekly iron therapy 
with 5 mg elemental iron as ferrous sulfate per kilogram 
of body weight accompanied by nutritional counseling 
was as effective as daily iron therapy in correcting iron-
deficiency anemia in 2- to 6-year-old children under the 
clinical conditions of this study.

Key words: clinical setting, intermittent, intermittent 
iron treatment, iron-deficiency anemia, young 
children

Introduction

Iron deficiency is the most common single nutrient 
deficiency worldwide, with at least one billion people 
estimated to be iron deficient [1]. The more severe 
form of iron deficiency is iron-deficiency anemia, 
which is highly prevalent in developing countries [2]. 
The estimated prevalence of iron deficiency is 40% to 
60% in developing countries among children between 
the ages of 6 months and 2 years, a period during 
which lack of iron can cause impairment in mental 

Effectiveness of intermittent iron treatment of two- to 
six-year-old Jordanian children with iron-defi ciency 
anemia

Ahmad M. Faqih is affiliated with the Department of 
Nutrition and Food Science, Faculty of Agriculture, Univer-
sity of Jordan, Amman, Jordan; S. B. Kakish is affiliated with 
the International Community School, Amman, Jordan; M. 
Izzat is affiliated with the Royal Medical Services, Amman, 
Jordan.

Please direct queries to the corresponding author: Dr. 
Ahmad M. Faqih, Department of Nutrition and Food Science, 
Faculty of Agriculture, University of Jordan, Amman, Jordan; 
e-mail: faqiham@ju.edu.jo.

Ahmad M. Faqih, S. B. Kakish, and M. Izzat



221

development [3]. The groups most vulnerable to and 
at risk of developing iron-deficiency anemia are infants 
and young children, pregnant women, and women of 
childbearing age [4, 5].

Iron has diverse biological functions, and it is this 
diversity that accounts for the wide-ranging conse-
quences of its deficiency. The consequences of iron 
deficiency are serious and range from reduced work 
capacity [6, 7] and poor pregnancy outcome [4] in 
adults to impaired mental and motor development 
[8–10], impaired cognitive function [11, 12], behav-
ioral abnormalities [8], poor learning achievement 
[13–16], and decreased growth rate [17, 18] in children. 
Scrimshaw [5] reviewed the effects of iron-deficiency 
anemia on infants and children and concluded that it 
retards their psychomotor development and impairs 
their cognitive performance. These adverse effects of 
iron-deficiency anemia have been also assessed in two 
recent studies by Walter [8, 9].

Long-term impairment due to iron-deficiency 
anemia has been observed in follow-up studies of 
children at 5 and 10 years of age [19, 20]. In addition, 
diminished levels of iron in both adults and children 
result in increased susceptibility to infection [7, 21]. 
Thus prevention and treatment of iron-deficiency 
anemia are especially important for infants and young 
children because of the adverse consequences associ-
ated with the condition and the fact that some of these 
consequences may be irreversible.

Jordan and many other countries distribute thera-
peutic iron supplements to pregnant women through 
the primary health care system in order to combat 
iron-deficiency anemia. Yet despite such large-scale 
programs, the prevalence of iron-deficiency anemia 
remains high worldwide [22]. In Jordan in 2002, the 
national prevalence rates of anemia, iron deficiency, 
and iron-deficiency anemia among women of repro-
ductive age were 32%, 41%, and 22%, respectively [23]. 
Similar programs to combat IDA do not exist for young 
children who usually are treated based on the diagnosis 
of anemia in a clinical setting [24].

In Jordan, malaria, hookworm, and schistosoma do 
not constitute a problem. In a 1994 national study of 
intestinal parasites in Jordanian schoolchildren aged 8 
to 11 years [25], the prevalences of Entamoeba coli, gia-
rdia, ascaris, and Hymenolepis nana were 14.3%, 8.4%, 
1.5%, and 1.9%, respectively. These parasites were not 
found to be related to anemia.

In general, iron-supplementation programs are 
largely ineffective for a variety of reasons, the most 
important of which are insufficient supplies of iron 
supplements, low coverage of target populations, and 
low compliance with intake of supplements. Poor com-
pliance is influenced by the undesirable side effects of 
iron supplements, which are related to the amount and 
form of the supplementary iron [24].

Iron therapy has proven to be a useful means of 

improving the iron status of iron-deficient individuals. 
A new strategy of iron therapy under study is intermit-
tent iron supplementation, which has gained much 
attention over recent years because of its advantages 
over daily iron supplementation [2]. The rationale 
behind intermittent iron supplementation is that daily 
iron intake reduces the intestinal absorption of dietary 
iron and supplementary iron [26]. Intermittent iron 
supplementation is based on the concept of mucosal 
blockage of iron absorption, which argues that more 
efficient iron absorption occurs when the administra-
tion of iron is matched with the renewal of intestinal 
mucosal cells, which occurs roughly every 5 to 7 days 
[2, 25, 27]. Studies in rats [26, 28], young children 
[24, 29–31], adolescents [32], pregnant women [22], 
and nonpregnant women [33] have shown that the 
effectiveness of intermittent iron supplementation in 
improving iron status is similar to that of daily iron 
supplementation.

The aim of this study was to determine the effective-
ness of weekly and twice-weekly iron treatment versus 
daily iron treatment in correcting iron-deficiency 
anemia in 2- to 6-year-old Jordanian children in a 
clinical setting.

Methods

Subjects

The study was carried out at Prince Hashim Military 
Hospital of the Royal Medical Services in Zarqa, Jordan. 
The study protocol was approved by the research com-
mittee of the Royal Medical Services. The study lasted 
for 11 months, from August 2000 through June 2001 
[34]. The Zarqa district has a substantial proportion of 
low-income families. The clinic is located on the hos-
pital grounds and is open to children up to 14 years of 
age from families affiliated with the army who are not 
medically insured and have generally low incomes.

In a study conducted at Prince Hashim Military 
Hospital in Zarqa from February 2001 through 
February 2002 [35], the reported monthly income 
of approximately 90% of the participating fami-
lies ranged from US$140 to US$280. Approxi-
mately 40% of the study families lived below the 
poverty line, estimated by the Ministry of Social 
Development at US$37 per person per month [36].

The study subjects were selected from about 4,400 
children aged 2 to 6 years who visited the hospital. The 
selection criteria for the study included that the child 
must have been born at full term with a birthweight 
≥ 2.5 kg and exhibited normal growth with no signs of 
thalassemia, chronic illness, congenital anomalies, or 
chronic and repeated infections. Approximately 10% of 
these children met the selection criteria and therefore 
underwent complete blood count (CBC) screening as 
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determined necessary by the resident physician or at 
the request of the parent. Based on CBC screening, 
only anemic children with hemoglobin ≤ 10.5 g/dL 
and mean corpuscular volume ≤ 75 fL were recruited 
to the study and only after oral informed consent was 
received from either of their parents. Serum ferritin was 
planned to be measured for all recruited children, but 
due to problems with supplies was determined for only 
34 children. Serum ferritin values ≤ 12 µg/L were con-
sidered the cutoff point for iron deficiency [37, 38].

The diagnosis of iron-deficiency anemia was based 
on combined cutoff points of hemoglobin ≤ 10.5 g/dL, 
mean corpuscular volume ≤ 75 fL, and serum fer-
ritin ≤ 12 µg/L, or based on combined cutoff points 
of hemoglobin ≤ 10.5 g/dL and a mean corpuscular 
volume ≤ 75 fL. According to Gibson [39], “A low MCV 
is a relatively specific index for iron deficiency anemia 
provided that the anemias of infection, chronic inflam-
matory disease, thalassemia minor, and lead poisoning 
have been excluded.” These exclusion conditions were 
satisfied in our study subjects. Only patients diagnosed 
with iron-deficiency anemia were enrolled in the 
study. This screening method allowed us, within the 
constraints of the study, to have complete coverage of 
the targeted population rather than drawing a sample, 
which was not feasible under the conditions of this 
clinical study. To avoid bias, each study patient was 
allocated randomly to one of three groups according 
to a table of random digits. Initially, 134 study subjects 
were assigned randomly into one of three groups: group 
1 (n = 45) received a daily dose of 5 mg of elemental 
iron per kilogram of body weight; group 2 (n = 45) 
received a weekly dose of 5 mg of elemental iron per 
kilogram of body weight on Fridays; group 3 (n = 44) 
received a twice-weekly dose of 5 mg of elemental iron 
per kilogram of body weight on Friday and Monday. 
Friday was designated as the day for receiving the 
weekly dose in order to help families remember to 
administer the medicine, since Friday is the Moslem 
day of rest. The final sample size was 21 for each study 
group.

Medical examination

Before enrollment in the study, all children were exam-
ined by the resident pediatrician at the clinic to ensure 
that every child recruited with low hematologic indices 
was otherwise in good health. If a child was of the 
appropriate age for the study and had low hemoglobin 
and mean corpuscular volume but was diagnosed 
with respiratory infection or other minor infection, 
the parents were asked to bring the child back to the 
clinic after the child was fully recovered to be treated 
for iron-deficiency anemia and possibly to be recruited 
into the study.

Anthropometric measurements

The weight and height of each child were measured on 
the day of enrollment in the study and, for those who 
completed the study, at the end of the 3-month treat-
ment period. The children were weighed to the near-
est 0.5 kg on a spring balance scale without shoes and 
wearing minimal clothing. Height was measured to the 
nearest 0.1 cm with a movable measuring rod attached 
to a platform scale while the child was standing up 
straight and looking forward with feet together.

Hematologic measurements

Children with hemoglobin ≤ 10.5 g/dL received a 
diagnosis of anemia. Those with hemoglobin ≤ 10.5 
g/dL, mean corpuscular volume ≤ 75 fL, and serum 
ferritin ≤ 12 µg/L were diagnosed with iron-deficiency 
anemia. To perform a complete blood count, a blood 
sample of about 2 to 3 mL was drawn from the forearm 
by venipuncture by a trained nurse using a size 22 (¾″)
syringe suitable for young children. The blood sample 
was transferred into a sterile vacuum tube containing 
K3EDTA, to prevent coagulation. It was analyzed by an 
electronic counter (Sysmex K 1000, Tokyo, Japan). For 
serum ferritin, another blood sample of the same size 
was drawn and transferred into a vacutainer (Becton 
Dickinson, Franklin Lakes, NJ, USA) containing silicon 
gel to accelerate precipitation. The sample was then 
centrifuged to obtain the serum, which was kept frozen 
at –29°C until it was analyzed by a commercial chemi-
luminescence kit (IMMULITE, Diagnostic Products 
Corporation, Los Angeles, CA, USA). Hematologic 
measurements were also performed after 3 months of 
iron therapy.

Iron therapy

Therapeutic medicinal iron providing 5 mg of elemen-
tal iron per kilogram of body weight was administered 
as ferrous sulfate solution (Fer-In-Sol, Mead Johnson; 
Bristol-Meyers Squibb Egypt, Cairo). It was supplied 
with a dropper that was initially marked at 0.6 mL 
and 1 mL. Each mL provides 25 mg elemental iron. 
The dropper was marked further to enable the parents 
to administer the required dose. The dose was calcu-
lated according to the child’s initial weight and was 
administered by either of the parents. The parents were 
instructed how to give and to administer the supple-
ment in two equal portions half an hour to one hour 
before breakfast and dinner. This was done because 
nonheme iron supplements such as ferrous sulfate 
have a higher absorption rate on an empty stomach 
[40]; the rate can be as high as 50% in subjects with 
severe iron-deficiency anemia [41]. The parents were 
advised to mix the supplement with water, orange juice, 
or lemonade if the child refused to take the supplement 
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on an empty stomach. The importance of compliance 
with the iron regimen was stressed, especially for the 
weekly and twice-weekly regimens. All of the families 
received checkup visits every two weeks during which 
the parents were encouraged to comply with the 
regimen and any questions that arose about the child’s 
health and the foods eaten by the child were answered. 
Dietary iron intake was not assessed.

Nutritional counseling

The children were taken to the clinic by one or both 
parents. The parents were informed about the nutri-
tional causes of iron-deficiency anemia, the conse-
quences of the condition if left untreated, and the 
importance of compliance. The parents were also 
given nutritional guidance about iron-rich foods and 
about the enhancers and inhibitors of iron absorption. 
Nutritional guidance was also provided at the home 
checkup visits.

A brief account of the eating patterns of Jordanian 
toddlers was given by Faqih and Qazaq [42], but there 
are no recent data for Jordanian children 2 to 6 years 
of age. However, it is almost certain that these children 
of low-income families ate the family diet. The diet is 
based mainly on wheat bread, rice, sugar, milk and milk 
products (yogurt, labneh [concentrated yogurt], and 
cheeses), chickpeas, horse beans, and eggs, all of which 
are foods of low iron content and bioavailability. Iron 
in eggs has low bioavailability and reduces the bioavail-
ability of nonheme iron [43]. Bread and other bakery 
products such as biscuits are often soaked in tea, which 
decreases iron bioavailability. Fortification of flour with 
iron and folic acid started in April 2002. Meat, poultry, 
and fish, the best food sources of highly bioavailable 
iron, are not within the financial reach of families of 
low economic status.

Statistical analysis

Data were subjected to analysis of variance (ANOVA) 
by the general linear model procedures of the statisti-
cal analysis system (SAS Institute SAS/STAT, User`s 
Guide: Statistics. Release 6.04. SAS Institute, Cary, NC, 
USA). The child’s age and sex and the initial values of 
each variable were analyzed as covariance. Correlation 
coefficients were calculated to assess the relationships 
between the initial and final values of each variable. 
Unless stated otherwise, p ≤ .05 was considered to 
indicate statistical significance.

Results

Selected characteristics of the 63 children who com-
pleted the 3 months of treatment are shown in table 1. 
There were no significant differences among the three 

groups in age, sex ratio, weight, or height. At the end of 
the study, groups 1, 2, and 3 had 13 boys and 8 girls, 12 
boys and 9 girls, and 14 boys and 7 girls, respectively. Of 
the 134 children who were recruited, 71 did not com-
plete the study: 24 children in each of groups 1 and 2 
and 23 children in group 3. Children failed to complete 
the study because they refused to take the medicinal 
iron, their parents did not administer their iron for 
the full 3 months, or their parents did not return with 
them to the clinic.

The average weights and heights of the children 
in all three groups increased significantly by the end 
of the study, as was expected in these young children 
(table 1). The average increases in height (1.8 cm) and 
weight (1.2 kg) are in line with the average increments 
in height and weight in healthy children of normal 
growth. There were no significant differences among 
the three treatment groups in the increases in height 

TABLE 1. Anthropometric measurements of children before 
and after 3 months of iron treatment (mean ± SE [range])a

Measure-
ment

Group 1 
(13M, 8F)

Group 2 
(12M, 9F)

Group 3 
(14M, 7F)

Baseline 

Age—mo 44.6 ± 3.9
(24–77)

41.5 ± 5.7
(24–70)

43.5 ± 2.8
(24–70)

Height—cm 96.0 ± 2.3b

(81.5–122)
95.1 ± 1.9b

(82–116)
96.0 ± 2.1b

(82–115)

Weight—kg 14.6 ± 0.1d

(10.5–26)
15.0 ± 0.7d

(10.0–25)
14.5 ± 0.6d

(11.0–20)

3 mo

Height—cm 97.8 ± 2.4c

(82.5–124)
96.4 ± 1.9c

(84–118)
97.7 ± 2.0c

(83–117)

Weight—kg 15.8 ± 0.7e

(11.5–27)
16.3 ± 0.7e

(12.0–27)
15.6 ± 0.6e

(11.5–21)

a. Groups 1, 2, and 3 received iron treatment daily, weekly, and 
twice weekly, respectively.

b, c. Mean heights within the same column with different super-
scripts are significantly different (p < .05).

d, e. Mean weights within the same column with different super-
scripts are significantly different (p < .05).

TABLE 2. Hemoglobin values (g/dL) in children before and 
after 3 months of iron treatment (mean ± SE)a

Measure-
ment

Group 1 (13M, 
8F)

Group 2 (12M, 
9F)

Group 3 (14M, 
7F)

Baseline 9.54 ± 0.16c,d 10.10 ± 0.17b,d 9.98 ± 0.17b,c,d

3 mo 12.01 ± 0.11b,e 12.22 ± 0.12b,e 12.16 ± 0.12b,e

Change 2.47 ± 0.17b 2.12 ± 0.18b 2.18 ± 0.18b

a. Groups 1, 2, and 3 received iron treatment daily, weekly, and 
twice weekly, respectively.

b, c. Means within the same row with different superscripts are sig-
nificantly different (p < .05).

d, e. Means within the same column with different superscripts are 
significantly different (p < .05).
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or weight. There were no significant effects of the chil-
dren’s sex or age on treatment response, and therefore 
these factors were excluded from further analysis.

At baseline the mean hemoglobin was higher in 
group 2 than in group 1 (10.10 ± 0.17 vs. 9.54 ± 0.16 
g/dL) (table 2). At the end of the 3-month treatment 
period, hemoglobin levels had increased significantly 
in all three treatment groups. There were no signifi-
cant differences among the three groups in the final 
hemoglobin levels or in the increases in hemoglobin 
levels. Furthermore, when the initial hemoglobin 
levels were controlled for by covariance analysis, the 
three iron treatment regimens had the same effect 
on hemoglobin levels. All subjects in the three treat-
ment groups showed a positive hemoglobin response 
to iron therapy, defined as a minimum increase of 1 
g/dL in hemoglobin concentration [44]. The results of 
this study are in full agreement with those of another 
similar study that was carried out in the same hospital 
on 8- to 24-month-old Jordanian children diagnosed 
with iron-deficiency anemia. The daily iron dose (5 mg 
of ferrous sulfate solution per kilogram of body weight) 
was as effective as the twice-weekly dose [45].

The analysis of variance also showed that the lower 
the initial hemoglobin concentration, the greater the 
change in hemoglobin within individuals, regardless 
of treatment. This means that the greatest change in 
hemoglobin concentration occurred among the most 
anemic children.

These results indicate that there is no difference 
between the effects of daily, weekly, and twice-weekly 
treatment on iron status and therefore on the correc-
tion of anemia in young children.

Table 3 shows the values for hematocrit, mean cor-
puscular volume, mean corpuscular hemoglobin, and 
mean corpuscular hemoglobin concentration before 
and after 3 months of iron treatment for the three 
treatment groups. The initial hematocrit values differed 
among the three groups in the same manner as did 
the hemoglobin levels: the hematocrit in group 1 was 
significantly lower than that in group 2 but not lower 
than that in group 3, and there was no significant dif-
ference in hematocrit between groups 2 and 3. Hema-
tocrit increased significantly at the end of treatment in 
all three groups. There were no significant differences 
among the three groups in final hematocrit values or in 
the change in hematocrit, which averaged 5.9%.

The initial values of mean corpuscular volume, mean 
corpuscular hemoglobin, and mean corpuscular hemo-
globin concentration were 68.6 fL, 22.2 pg, and 32.0 
g/dL, respectively. There were no significant differences 
among the groups in these initial values. After 3 months 
of treatment, mean corpuscular volume, mean corpus-
cular hemoglobin, and mean corpuscular hemoglobin 
concentration increased significantly by an average of 
10.5 fL, 4.1 pg, and 0.9 g/dL, respectively. There were 
no significant differences among the three treatment 
groups in the increases in mean corpuscular volume, 
mean corpuscular hemoglobin, and mean corpuscular 
hemoglobin concentration (table 3).

Initial and final serum ferritin values were available 
for only 34 children: 12 children in each of groups 1 
and 2 and 10 children in group 3 (table 4). The initial 
serum ferritin concentration was significantly lower 
in group 2 (6.58 µg/L) than in groups 1 (9.28 µg/L) 
and 3 (10.32 µg/L). There was no significant difference 
between the initial serum ferritin concentrations of 
groups 1 and 3. All dietary regimens led to a significant 
increase in serum ferritin, with no significant differ-
ences in final serum ferritin values among the three 
treatment groups. When initial serum ferritin con-
centration was controlled for by covariance analysis, 

TABLE 3. Hematologic values in children before and after 
3 months of iron treatment (mean ± SE)a

Measurement
Group 1 

(13M, 8F)
Group 2 

(12M, 9F)
Group 3 

(14M, 7F)

Baseline

Hematocrit (%) 30.02 ± 0.46c 31.44 ± 0.48b 31.26 ± 0.48b,c

MCV (fL) 67.33 ± 1.31b 69.95 ± 1.37b 68.70 ± 1.37b

MCH (pg) 21.82 ± 0.63b 22.60 ± 0.66b 22.30 ± 0.66b

MCHC (g/dL) 31.85 ± 0.40b 32.24 ± 0.42b 32.18 ± 0.42b

3 mo

Hematocrit (%) 36.42 ± 0.30b 36.94 ± 0.31b 36.94 ± 0.31b

MCV (fL) 79.50 ± 0.73b 79.40 ± 0.77b 78.8 ± 0.77b

MCH (pg) 26.30 ± 0.41b 26.76 ± 0.43b 25.93 ± 0.43b

MCHC (g/dL) 32.97 ± 0.17b 33.09 ± 0.18b 32.91 ± 0.18b

Change

Hematocrit (%) 6.40 ± 0.48b 5.50 ± 0.50b 5.69 ± 0.50b

MCV (fL) 12.06 ± 1.26b 9.45 ± 1.32b 10.09 ± 1.32b

MCH (pg) 4.48 ± 0.62b 4.16 ± 0.65b 3.63 ± 0.65b

MCHC (g/dL) 1.12 ± 0.36b 0.85 ± 0.38b 0.74 ± 0.38b

MCV, mean corpuscular volume; MCH, mean corpuscular hemo-
globin; MCHC, mean corpuscular hemoglobin concentration
a. Groups 1, 2, and 3 received iron treatment daily, weekly, and twice 

weekly, respectively.
b, c. Means within the same row with different superscripts are sig-

nificantly different (p < .05).

TABLE 4. Serum ferritin values (µg/L) in children before and 
after 3 months of iron treatment (mean ± SE)a

Measure-
ment

Group 1 
(n = 12)

Group 2 
(n = 12)

Group 3 
(n = 10)

Baseline 9.28 ± 0.64b,d 6.58 ± 0.64c,d 10.32 ± 0.71b,d

3 mo 50.17 ± 4.08b 47.43 ± 4.08b,e 46.70 ± 4.47b,e

Change 40.88 ± 4.16b 40.85 ± 4.16b 36.38 ± 4.56b

a. Groups 1, 2, and 3 received iron treatment daily, weekly, and 
twice weekly, respectively.

b, c. Means within the same row with different superscripts are sig-
nificantly different (p < .05).

d, e. Means within the same column with different superscripts are 
significantly different (p < .05).
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all three iron treatment regimens had the same effect 
on serum ferritin (average increase, 39.3 µg/L). Serum 
ferritin reflects iron stores in the body, and thus similar 
increases in serum ferritin reflect a similar improve-
ment in iron status and correction of iron deficiency, 
and consequently correction of iron-deficiency anemia. 
However, this finding applies unequivocally only to the 
34 children for whom final serum ferritin was analyzed. 
We discuss below the question of whether iron-defi-
ciency anemia was corrected in all study children by 
considering the fact that study children were diagnosed 
initially as having iron-deficiency anemia based on the 
combined criteria of low indicators of hemoglobin, 
mean corpuscular volume, and serum ferritin.

Discussion

The increases in hemoglobin levels observed in the 
present study as a result of intermittent iron treatment 
are either lower or higher than those found in previous 
studies. A 3-month therapeutic trial in 3- to 6-year-old 
children treated with 6 mg of iron as ferrous sulfate 
per kilogram of body weight either daily, weekly, or 
twice weekly reported greater increases in hemoglobin 
concentration for all treatments than those obtained in 
the present study [29]. This difference may be partially 
due to the fact that the iron dose given was higher than 
that given in the present study. Other similar studies on 
young children reported lower increases in hemoglobin 
concentration, possibly due to the shorter duration of 
the studies (only 8 to 9 weeks of iron supplementation) 
[24, 31] or the lower iron dosage (3 to 4 mg of iron per 
kilogram of body weight [30].

Liu et al. [29] showed that after 3 months of supple-
mentation of young anemic children at 6 mg of iron 
per kilogram of body weight, serum ferritin concentra-
tions increased in proportion to total iron intake over 
the course of the study, with the highest increase (55.2 
µg/L) in the children receiving daily supplementation, 
the lowest increase (26.7 µg/L) in the children receiving 
weekly supplementation, and an intermediate increase 
(48.1 µg/L) in the group receiving twice-weekly supple-
mentation. In contrast, in our study the final serum fer-
ritin values and changes in serum ferritin were similar 
for the groups receiving the three iron regimens. This 
difference in results cannot be easily explained. The 
parents were thoroughly informed about the nutri-
tional aspects of iron-deficiency anemia, particularly 
about inhibitors of iron absorption such as tannins 
and enhancers of iron absorption such as ascorbic acid. 
The parents were advised to improve their children’s 
intake of iron-rich foods such as meat, fish, and poultry 
to increase intake of iron absorption enhancers and 
decrease intake of inhibitors of iron absorption. In a 
study conducted at Prince Hashim Military Hospital in 
Zarqa from February 2001 through February 2002 [35], 

it was observed that while 80% of the study children 
(n = 82) aged 8 to 24 months were not fed any foods 
from the meat group, 20% consumed meat at a low 
frequency during the last week or the last month of 
the interview period.

In a study by Schultink et al. [24], 30 mg of iron as 
ferrous sulfate was administered either daily or twice 
weekly to 2- to 5-year-old children. The increases in 
serum ferritin were lower than those observed in the 
present study. This difference may have been due to the 
smaller dosage of iron and the shorter duration of their 
study, which lasted for only 2 months.

Statistical analysis showed that there was no treat-
ment effect on hemoglobin and serum ferritin values; 
therefore all data were pooled to evaluate the correla-
tion coefficients of hemoglobin and serum ferritin 
before and after 3 months of iron treatment. The initial 
and final hemoglobin and serum ferritin values were 
significantly correlated (r = 0.31 and 0.36 for hemo-r = 0.31 and 0.36 for hemo-r
globin and serum ferritin, respectively). However, the 
increases in hemoglobin and serum ferritin values were 
negatively correlated (p < .001) with their correspond-
ing initial values. The lower the initial hemoglobin 
and serum ferritin values were, the higher were the 
increases in their concentration after 3 months of iron 
treatment. Similar observations have been made by 
other researchers, such as Berger et al. [30] and Palupi 
et al. [32] In other words, the greater the severity of 
anemia, the better the response to iron treatment.

All subjects in all three groups became free of anemia 
after 3 months of iron treatment, except for one 4-
year-old boy in group 1. This child initially showed a 
positive response when his hemoglobin increased by 
1.0 g/dL, and his hemoglobin concentration increased 
from 9.1 to 10.1 g/dL over the course of the study. 
However, the boy was still anemic (hemoglobin ≤ 10.5 
g/dL) after 3 months of treatment. The boy’s mother 
reported that prior to iron treatment her son had no 
appetite and was very weak and lethargic, but that after 
iron treatment his food intake and activity level greatly 
improved. There are several possible explanations for 
the failure of treatment in this child. The mother may 
not have administered the correct dose of iron for the 
duration of the 3-month study. Another possibility is 
that although the child originally received a diagnosis 
of iron-deficiency anemia, over the course of the study 
he might have become deficient in one or more of 
the hematopoietic nutrients other than iron, such as 
vitamin A, copper, vitamin B6, folic acid, vitamin B12, 
and protein, among others [46]. In this case, treatment 
with iron alone would have been inadequate. Finally, 
although parasites are not generally a problem in 
Jordan, as discussed by Faqih and Qazaq [36], this child 
might have become infected during the study period 
with one of the parasites mentioned above [25] that 
prevented him from full recovery. The results suggest 
that parasites were not a problem for most children in 
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this study, since iron-deficiency anemia was success-
fully treated in all children except for one.

This case may be of importance, although it is based 
on just one child. It emphasizes the point that in treat-
ing iron-deficiency anemia, the overall nutritional 
status should be managed well. In addition, the parasite 
problem should be addressed in the case of anemic 
children who do not fully respond to iron treatment.

We believe that the correction of iron-deficiency 
anemia applies to all study children. All children were 
diagnosed as having nutritional iron-deficiency anemia 
as indicated by a combined criterion of hemoglobin 
≤ 10.5 g/dL and mean corpuscular volume ≤ 75 fL, or as 
indicated by a combined criterion of hemoglobin ≤ 10.5 
g/dL, mean corpuscular volume ≤ 75 fL, and serum 
ferritin ≤ 12 μg/L for the 34 subject children, as dis-
cussed above. The findings that iron therapy resulted 
in normal hemoglobin values in almost all children and 
normal mean corpuscular volume in all children lead 
to the conclusion that iron was the effective nutrient 
responsible for correcting the diagnosed iron-defi-
ciency anemia. Moreover, iron therapy resulted in 
significant increases in mean corpuscular hemoglobin 
and mean corpuscular hemoglobin concentration in 
all three treatment groups.

The initial mean corpuscular volume, mean corpus-
cular hemoglobin, and mean corpuscular hemoglobin 
concentration values were low, as shown by compari-
son with the cutoff values that reflect low iron status 
obtained from the National Health and Nutrition 
Examination Survey (NHANES) II reference popula-
tion. According to Gibson [39], mean corpuscular 
volume, mean corpuscular hemoglobin, and mean 
corpuscular hemoglobin concentration values are all 
low in iron-deficiency anemia, which is not the case in 
macrocytic anemia or anemia of chronic disease. The 

fact that mean corpuscular volume, mean corpuscular 
hemoglobin, and mean corpuscular hemoglobin con-
centration were initially low and increased significantly 
after iron treatment stresses the facts that the children 
had anemia due to iron deficiency and that all three 
iron treatment regimens had the same effect in improv-
ing the values of these red cell indices.

The results of this study regarding weekly iron treat-
ment of young children are supported by experimental 
evidence in rats [26, 28] as well as by the results of 
several other studies in young children [24, 29–31], 
adolescents [32], pregnant women [22], and nonpreg-
nant women [33].

Conclusions

Data from Jordanian children aged 2 to 6 years diag-
nosed with iron-deficiency anemia show that with 
nutritional counseling as a component of iron therapy, 
a dose of 5 mg of elemental iron (ferrous sulfate) per 
kilogram of body weight given twice or once weekly 
for a period of 3 months was just as effective as daily 
administration of the same dose for the same period in 
correcting iron-deficiency anemia. This result should 
stimulate a review of iron supplementation and treat-
ment strategies for the prevention and control of iron-
deficiency anemia in populations with a high prevalence 
of iron-deficiency anemia or in which people are at a 
high risk of developing iron-deficiency anemia. The 
efficacy of weekly iron supplementation in correcting 
iron-deficiency anemia should be studied in other 
groups of people at risk, such as pregnant women in 
Jordan. The optimal amount and particular type of sup-
plement should also be investigated in young children.
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Abstract

Background. Underweight and micronutrient defi-
ciencies are sequelae of the prevailing harsh living and 
economic conditions of women in sub-Saharan Africa. 
There are few data describing maternal nutritional status 
in these resource-poor settings. Provision of more effective 
modes of intervention requires that public health and 
nutrition policy at both the national and the multisectoral 
levels be based on community-specific nutritional and 
behavioral practices.

Objective. This longitudinal study investigated mater-
nal micronutrient status in two remote, semiarid, rural 
communities that are ethnically similar but have dis-
tinctly different pastoral and farming lifestyles. We looked 
at differences in iron stores, vitamin A levels, and body 
composition of women in the third trimester of pregnancy 
and again at 4 months postpartum.

Methods. Complete data were collected from 113 
pastoral and 110 farming Pokot women. Anthropometric 
measurements were taken, and serum ferritin and retinol 
levels were measured. Infants were weighed within 7 days 
of birth.

Results. Women from the farming community had 
significantly (p < .05) lower hemoglobin concentra-< .05) lower hemoglobin concentra-<
tions than women from the pastoral community during 
the third trimester of pregnancy. Pastoral women had 
significantly higher serum ferritin concentrations than 

farming women during the third trimester of pregnancy 
(p(p( < .05) and at 4 months postpartum. There were no < .05) and at 4 months postpartum. There were no <
significant differences between pastoral and farming 
women in the percentage of women with serum retinol 
levels < 0.70 µmol/L during the third trimester of preg-< 0.70 µmol/L during the third trimester of preg-<
nancy (27.9% [34/113] and 24.2% [31/110], respec-
tively) and at 4 months postpartum (29.2% [33/113] 
and 30.9% [34/110]) In the farming community, mean 
infant birthweight was significantly lower (p infant birthweight was significantly lower (p infant birthweight was significantly lower ( < .01) than < .01) than <
in the pastoral community and a significantly higher 
(p(p( < .05) proportion of newborns weighed less than 2.5 < .05) proportion of newborns weighed less than 2.5 <
kg. At 4 months postpartum, the percentage of body fat 
was significantly lower in pastoral women than in farm-
ing women.

Conclusions. Women from the farming community in 
West Pokot, Kenya, have lower iron stores during the third 
trimester of pregnancy than women in the pastoral com-
munity. In addition, the mean weight of their newborn 
infants is lower than that of infants in the pastoral com-
munity. These findings may be associated with differences 
in living conditions, which are usually harsher in farming 
than in pastoral communities.

Key words: Body composition, pregnancy outcome, 
serum ferritin, serum retinol

Introduction

In many rural societies in sub-Saharan Africa, the status 
and quality of life of women are inseparably linked 
to the environment and sociocultural systems that 
determine their way of life. Lifestyle, as determined 
by remote, drought-prone rural environments, has 
exposed pregnant and lactating women to low food 
intake levels and very limited access to health services. 
Though the resulting maternal deficiencies in micronu-
trients such as iron and vitamin A have well-recognized 
health consequences [1–4], the very few studies done in 
Kenya have mainly looked at maternal body composi-
tion [5, 6] and at pregnancy loss and outcome [7, 8]. 
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In the remote semiarid areas of rural Kenya, different 
communities may have similar ethnic backgrounds but 
divergent pastoral and farming ways of life. In both the 
pastoral and the farming lifestyles, women tend to be 
overworked due to too many demands on their time. 
For the pastoral woman, herding the family goats is a 
key responsibility. In farming communities, the family’s 
food security depends on the woman’s ability to dig, 
plant, weed, and harvest food crops.

In recent years, consecutive droughts have left fami-
lies in both types of community at risk of starvation. 
The poor household food security has become a prior-
ity issue for both the government and the World Food 
Program (WFP). HIV/AIDS and endemic malaria are 
becoming increasingly significant public health prob-
lems. Though consumption is frequently limited, meat 
and blood remain the key foods in the diet of pastoral 
women. For this reason, a pastoral lifestyle is likely to 
have a more positive effect on maternal nutritional 
status during pregnancy and lactation than a farming 
lifestyle. The objective of this longitudinal study was 
therefore to investigate maternal micronutrient status 
in two rural communities that are ethnically similar but 
have distinctly different lifestyles. We looked at differ-
ences in iron and vitamin A stores and body composi-
tion of women in the third trimester of pregnancy and 
again at 4 months postpartum. Infants were weighed 
within 7 days of birth and the prevalence of birthweight 
< 2.5 kg was determined.

Methods

Study area

The Pokot community values its traditional way of life 
and has consistently remained largely unaffected by the 
forces of modernization [9]. Cattle occupy a central 
part of the economic and social life of the community. 
Although the farming and pastoral communities of 
Pokot reflect different ecological situations, their basic 
cultural outlook is the same. About 85% of the Pokot 
people are pastoralists. They move in seasonal cycles 
to search for water and pasture for their stock. The 
agricultural people of Pokot are grouped into sprawling 
villages made up of more permanent homesteads.

The study area was in West Pokot District. Two study 
clusters based on a farming and a pastoral lifestyle 
were identified. The farming cluster consisted of the 
Sobokwo and Kerelwa sublocations and the pastoral 
cluster of the Ortum, Morbus, and Shepkobegh sub-
locations. Administratively a sublocation is further 
divided into distinct villages administered by locally 
selected village elders. In the pastoral communities 
of these sublocations, the older men, women, and 
children remain at more permanent homesteads with 

some livestock, mainly goats, while the young men are 
constantly on the move with their cattle seeking grass 
and water. Because of the limited annual rainfall in the 
Pokot farming communities, these communities have 
developed an extensive system of furrow irrigation for 
the cultivation of maize, sorghum, and millet.

Population

The longitudinal study was carried out from October 
2001 to August 2002. Approval for the research was 
obtained from both the Moi University ethical and 
research committee and the Government of Kenya. 
At the time of the study, a comprehensive census of 
households with pregnant and lactating women and 
children under the age of five had just been carried 
out by the assistant chief and village elders of the five 
sublocations. This was done in preparation for possible 
future government food distribution. Each sublocation 
was administered by an assistant chief and had 10 to 12 
villages. An updated register of pregnant women was 
compiled with the help of the village elders and the 
traditional birth attendants (TBAs) residing in each 
village. A total of 310 pregnant women were registered. 
All of the women had very limited access to prenatal 
care. Estimation of gestational age, a fundamental issue 
when repeated anthropometric measurements are con-
sidered, requires special facilities not usually available 
in African villages [10].

In the selection of subjects for our study, the women 
registered as pregnant were further interviewed to 
obtain information on the date of their last menstrual 
period. Their expected date of confinement was based 
on the fact that pregnancy lasts about 266 days (38 
weeks) from the day of fertilization. The expected 
date of confinement was determined by counting 
back 3 months from the first day of the last menstrual 
period and then adding 7 days and 1 year. Under the 
field conditions in which the study was conducted, the 
information on the women’s last menstrual period was 
then used to estimate gestational age. Those estimated 
to be between 28 and 36 weeks pregnant were consid-
ered to be in the third trimester of pregnancy and were 
identified as suitable subjects for the study. They were 
advised that the expected date of confinement was only 
an estimate and that birth could occur within 2 weeks 
before or after the calculated date. Infants born within 
this period were considered to be term babies [10].

The women gave informed consent before participat-
ing in the longitudinal study. One hundred twenty-two 
women from 8 pastoral villages and 128 from 6 farm-
ing villages were examined and recruited for the study. 
Most of the babies were born at home. The TBA and 
a research assistant carefully maintained a record of 
birthdates for all the infants.

Micronutrient status of Pokot women
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Anthropometric measurements and blood collection

A precoded questionnaire was used to collect base-
line information on demographic characteristics and 
pregnancy history. Anthropometric measurements 
made during pregnancy and lactation are expected to 
reflect both the nutritional status of the woman and, 
indirectly, growth of the fetus. Prepregnancy weight 
and prepregnancy body-mass index (the weight in kilo-
grams divided by the square of the height in meters) are 
anthropometric measurements used to predict the risk 
of preterm delivery. In developing countries, prepreg-
nancy values of maternal weight, height, or skinfold 
thickness are only seldom available. On the basis of the 
information provided by the World Health Organiza-
tion (WHO) collaborative study [11] for anthropomet-
ric measurements made only once during pregnancy, 
mid-upper-arm circumference (MUAC), height, weight 
at any stage during pregnancy, and weight-for-height 
were identified as being of possible value for predict-
ing maternal and fetal outcomes. MUAC is largely 
independent of gestational age and may be regarded as 
a proxy indicator of maternal prepregnancy weight or 
early pregnancy weight [12]. In addition, short mater-
nal height has been associated with an increased risk of 
intrauterine growth retardation in several populations, 
and cutoff points between 140 and 150 cm have been 
proposed for screening [12].

The mother’s body weight was measured to the 
nearest 0.1 kg with a calibrated electronic scale (SECA, 
Hamburg, Germany), and her height was measured 
to the nearest 0.1 cm with a height meter. A Holtain 
skinfold thickness caliper (Holtain, Croswell, UK) 
was used to make quadruple measurements of biceps, 
triceps, suprailiac, and subscapular skinfold thickness, 
which were used to determine maternal fat mass, per-
centage of body fat, and fat-free mass [13]. MUAC was 
measured with a nonextensible tape measure (UNICEF 
version). Repeated measurements were carried out by 
the same investigator. Low birthweight is an indicator 
of infant mortality risk, and in some populations a 
proportion of low-birthweight infants are a result of 
maternal undernutrition. In certain settings, however, 
improvement of maternal nutritional status may have 
no significant impact on infant mortality. Similarly, 
weight gain may be poor among pregnant women in a 
population with a high incidence of morbidity during 
pregnancy, and morbidity during pregnancy may have 
important effects on fetal development. Results from 
the WHO collaborative study [11] show that there 
is a strong correlation between a single measure of 
maternal weight late in pregnancy and the incidence 
of small-for-gestational age and low-birthweight 
infants. In this study, in order to determine pregnancy 
outcome, the infants were weighed at birth or within 7 
days after birth. The infant’s body weight was measured 
to the nearest 0.1 kg with a baby-weighing scale (SECA, 

Hamburg, Germany). There is evidence that poor post-
partum status, as reflected in low body-mass index, is 
associated with poor lactation performance and poor 
infant growth, which suggests that body-mass index 
may be a useful indicator of postpartum nutritional 
status. Other factors likely to affect maternal health 
and for which we were not able to collect accurate 
data would include illness, food intake, and chronic 
diseases.

A nonfasting venous blood sample of 5 mL was col-
lected from each woman during the third trimester of 
pregnancy and at 4 months postpartum and divided 
into plain (trace element free) and EDTA vacutainer 
(Becton Dickinson, Franklin Lakes, NJ, USA). The 
samples were stored on ice for transportation to the 
West Pokot Kapenguria District Hospital laboratory. 
The serum was separated for 15 minutes at 3,000 rpm, 
aliquoted, and frozen overnight at –20° C in the West 
Pokot Kapenguria District Hospital within 3 to 5 hours 
of sample collection. The next day the frozen samples 
were transported on dry ice to the Moi University 
laboratories in Eldoret, where they were stored at –70° 
C until analysis for serum retinol and ferritin.

Biochemical analysis

A Coulter counter model 560 (Coulter Electronics, 
Luton, England) was used to determine hemoglobin 
concentration and hematocrit. Serum retinol concen-
tration was determined by high-performance liquid 
chromatography. Serum ferritin was measured by 
enzyme-linked immunoassay (ELISA) with a com-
mercial kit (Boehringer Mannheim Immundiagnos-
tike, Mannheim, Germany). A cutoff hemoglobin 
concentration of less than 110 g/L was considered 
to be low and possibly linked to anemia [1, 13]. Iron 
stores were characterized on the basis of serum fer-
ritin concentration as severely depleted (< 12 µg/L), 
marginally depleted (12–29 µg/L), or normal (≥ 30 
µg/L) [14]. Vitamin A status was characterized accord-
ing to serum retinol concentration as deficient (< 0.35 
µmol/L [10 µg/dL]) or marginal (0.35–0.70 µmol/L 
[20 µg/dL]) [15].

Statistical analysis

All statistical analyses were performed with the SPSS 
software package (Windows version 11.1); a p value 
< .05 was considered to indicate statistical significance. 
Normality of data distribution was checked by visual 
evaluation with the use of a histogram and the Kol-
mogorov–Smirnov test of normality. The Pearson chi-
square and independent-samples t-test were used to 
compare groups for significant differences. Odds ratios 
were used to estimate the relative risk of undernutrition 
in pastoral as compared with farming communities.

G. A. Keverenge-Ettyang et al.
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Results

Characteristics of subjects

A total of 250 women from pastoral and farming vil-
lages who were in the third trimester of pregnancy 
were enrolled in the study. Of the original cohort, 116 
women from pastoral villages and 114 from farming 
villages were examined at approximately 4 months 
postpartum. Fifty-three percent of woman from the 
pastoral communities and 54% of those from the 
farming communities had no formal schooling. The 
percentage of women who were primiparous was 
10.7% in the pastoral communities and 8.5% in the 
farming communities; 22% of women in the pasto-
ral communities and 22.7% of those in the farming 
communities had more than 4 children; and 39% of 
those in the pastoral communities and 24% of those 
in the farming communities had at least one child 
under 24 months of age. Among women from the 
pastoral communities, 122 pregnancies resulted in 116 
births; among women from the farming communities, 
there were 128 pregnancies and 114 births. Complete 
data were obtained from 113 women from pastoral 
communities (92%) and 110 women from farming 
communities (85%).

Body composition and pregnancy outcome

Descriptive statistics for maternal body composition 
and pregnancy outcome during the third trimester of 
pregnancy and at 4 months postpartum are given in 
table 1. The proportion of women with a low body-
mass index (< 18.5 m/kg2) at 4 months postpartum 
in farming and pastoral communities was 23% and 
26.4%, respectively. At 4 months postpartum, the 
mean percentage of body fat was significantly (p < .05, 
t-test) lower in pastoral women (table 1). The mean 
infant weight measured within 7 days after birth as 
an indicator of pregnancy outcome was 2.856 ± 0.314 
(SD) kg; 60% of the infants were male. The percentage 
of infants weighing less than 2.5 kg was 16.8% in the 
pastoral and 31.3% in the farming communities. The 
mean infant weight was significantly (p < .01, t-test) 
lower in the farming than in the pastoral communities 
(table 1). A significant (p < .05, χ² test) proportion of 
the newborns in the farming communities weighed 
less than 2.5 kg (fig. 1). Two children in the pastoral 
communities and five in the farming communities died 
soon after birth. The estimated relative risk of death 
was 2.4 times greater for infants born in the farm-
ing communities than for those born in the pastoral 
communities, probably because of the harsher living 
conditions in the farming communities.

Iron and vitamin A status

During the third trimester of pregnancy, the mean 
hemoglobin concentration was significantly (p < .05, 
t-test) lower in the pastoral than in the farming women t-test) lower in the pastoral than in the farming women t
(table 2). The percentage of women with low hemo-
globin concentrations (< 110 g/L) in the third trimester 
was 42.2% in the pastoral communities and 21.8% in 

TABLE 1. Body composition and pregnancy outcome of pas-
toral and farming Pokot women during the third trimester 
of pregnancy and 4 months after delivery (lactation) (mean 
± SD)a

Characteristic Pastoralists Farmers

Age (yr) 26.8 ± 5.8 26.0 ± 6.2
Education (yr) 2.0 ± 2.6 2.2 ± 3.1
Parityb 3 ± 2 3 ± 2
Height (cm) 160 ± 5.6 160 ± 6.8

Weight (kg)
Pregnancy 51.9 ± 5.5 51.6 ± 7.1
Lactation 50.0 ± 6.3 51.1± 7.1

BMI (kg/m2 )
Lactation 19.7 ± 2.1 19.8 ± 2.6

% BF 
Pregnancy 21.7 ± 3.8 22.7 ± 4.5
Lactation* 24.2 ± 5.7 25.9 ± 5.1

FFM (kg)
Pregnancy 40.5 ± 3.9 39.7 ± 4.7
Lactation 37.7 ± 3.7 37.6 ± 4.1
Infant weight (kg)c* 2.9 ± 0.4 2.8 ± 0.4

BMI, body-mass index; %BF, percentage body fat; FFM, fat-free 
mass

*p *p * < .05; (independent t-test)
a. There were 122 pregnant and 113 lactating pastoral women and 

128 pregnant and 110 lactating farming women.
b. Parity is the total number of live births.
c. Infants were weighed within 7 days after birth.

FIG. 1. Pregnancy outcomes: percentages of infants weighing 
less than and more than 2.5 kg born to pastoral and farming 
women
* Pearson χ2, p < .01
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the farming communities (table 3). In the pastoral 
communities, a significant (p < .01, χ² test) proportion 
of women had a reduced hemoglobin concentration 
during the third trimester of pregnancy. The mean 
serum ferritin concentration during the third trimester 
of pregnancy (p < .05, t-test) and at 4 months post-
partum (p < .01, t-test) was significantly higher in the 
pastoral women than in the women from the farming 
communities (table 2). In the third trimester of preg-
nancy and at 4 months postpartum, the mean serum 
retinol concentration and the percentage of women 
with reduced vitamin A status did not significantly 
differ between the two communities (tables 2 and 3).

Discussion

Communities and individuals become vulnerable 
to undernutrition depending on their geographic 
and social characteristics, which influence livelihood 
opportunities. It cannot be assumed that figures that 
portray the national prevalence of undernutrition 
necessarily provide an accurate reflection of the plight 
of individual households in a remote district within a 
wider region.

There is a paucity of literature based on comprehen-
sive empirical work at the community and individual 
levels. Though not frequently done, targeting interven-
tions to particular geographic areas or socioeconomic 
groups is the most common and best-known applica-
tion of anthropometric indicators. One of our aims as 
researchers was to facilitate future targeting for equity 
those deprived of access to social, health, and nutri-
tion services. In economically disadvantaged popula-
tions, short stature in adults could also be used as an 
indicator of socioeconomic inequality. As they relate 
to maternal anthropometry, socioeconomic indica-
tors would include body-mass index standardized for 
stage of pregnancy or measured during lactation as 
an overall indicator of the factors that affect women’s 
energy balance [11]. Key among these are adequacy of 
food intake and morbidity experience coupled with a 
heavy workload and reproductive demands.

In the Pokot communities, inadequate food intake 
could be due to a number of factors. In the pastoral 
communities, the number of cattle that a person owns 
is a critical factor that determines the frequency of 
consumption of milk, blood, and meat. These foods 
are more nutrient-dense and more continually avail-
able than foods in the farming communities, especially 
during a drought. To supplement this diet, income 
from the sale of animals is used to buy maize. The 
main food crops in the farming communities are white 

TABLE 3. Proportion of pastoral and farming Pokot women with low hemoglobin, serum ferritin, and serum retinol during 
the third trimester of pregnancy and 4 months after delivery (lactation)a

Variable

Pastoralists Farmers p 
(Pearson χ²)N % 95% CI N % 95% CI

Hemoglobin (g/L)

Pregnancy (< 110)  49 42.2 98–101  27 21.8 102–106 < .01

Lactation (< 120)  49 43.4 108–110  31 27.7 103–109 < .05

Ferritin < 32 µg/L
Pregnancy  95 77.0 23.7–24.5 110 85.9 22.8–23.5 > .05
Lactation 111 98.0 17.8–18.6 109 99.0 16.3–17.1 > .05

Retinol < 0.70 µmol/L
Pregnancy  34 27.9 0.41–0.45  31 24.2 0.47–0.53 > .05
Lactation  33 29.2 0.51–0.56  34 30.9 0.50–0.55 > .05

CI, confidence interval
a. There were 122 pregnant and 113 lactating pastoral women and 128 pregnant and 110 lactating farming women.

TABLE 2. Biochemical characteristics of pastoral and farming 
Pokot women during the third trimester of pregnancy and 4 
months after delivery (lactation) (mean ± SD)a

Characteristic Pastoralists Farmers

Hemoglobin (g/L)
Pregnancy* 119 ± 11.3 124 ± 15.0
Lactation 118 ± 10.0 119 ± 13.0

Hematocrit
Pregnancy 33 ± 3.95 32 ± 5.42
Lactation 34 ± 2.71 34 ± 2.36

Serum ferritin (µg/L) 
Pregnancy* 25.8 ± 4.82 24.4 ± 4.87
Lactation** 18.5 ± 4.80 16.9 ± 4.38

Serum retinol (µmol/L)
Pregnancy 0.92 ± 0.43 0.92 ± 0.35
Lactation 1.09 ± 0.47 1.11 ± 0.50

*p *p * < .05; ** p < .01 (independent t-test)
a. There were 122 pregnant and 113 lactating pastoral women and 

128 pregnant and 110 lactating farming women.
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maize, sorghum, millet, and beans. Although some 
areas have irrigation systems, which are communally 
controlled and maintained, in a drought year the 
seasonal availability of food is reduced and household 
food insecurity becomes more acute. No cash crops are 
grown in the area, and sources of cash for purchase of 
maize are limited, especially in households where none 
of the members are formally employed [9].

Between 1989 and 2003, the infant mortality rate in 
Kenya increased from 60 to 78 per 1,000 births. The 
increase reflects the deterioration in quality of life 
over the last 20 years [16]. West Pokot is in the Rift 
Valley Province, where the infant mortality rate among 
women who have no education is 73.3 per 1,000 births 
[16]. In our study, the relative risk of infant death was 
2.4 times greater in the farming communities. In both 
the farming and the pastoral communities, a large pro-
portion of births took place at home. The early identi-
fication of infants with low birthweight is essential for 
any comprehensive initiative aimed at improving child 
survival. In Ethiopia, chest and head circumference 
have been used to identify infants with reduced birth-
weight, and these anthropometric measurements could 
also be used for this purpose by TBAs in the pastoral 
and farming Pokot communities [17].

In this study, the mean birthweight of the infants 
was the same as that of infants born to Turkana pas-
toral women (2.9 kg) [8]. The available data on infant 
birthweight tend to be based on deliveries occurring in 
hospitals and health centers. According to data from 
Kenya, the incidence of birthweights less than 2.5 kg is 
9.3% [16]. An estimate of 11% has been made for other 
developing countries. Because of insufficient data, there 
have been no estimates for the East African region [18], 
and therefore our data provide valuable information 
on this topic. Our community-based data confirm the 
magnitude of the problem of low birthweight. The 
estimated incidence rates of low birthweight of 16.8% 
and 31.3% for pastoral and farming communities, 
respectively, in West Pokot are considerably higher than 
the national estimate based on hospital data. There is 
a possibility that the incidence of low birthweight was 
overestimated in our study because of the field condi-
tions under which gestational age was determined. 
We did not have an effective method of identifying 
premature births, but a more effective method may 
be developed in future investigations. In this study
the estimated risk of having an infant weighing less 
than 2.50 kg was 2.3 times greater for women living in 
farming communities than for those living in pastoral 
communities. Being born with low birthweight in a 
socioeconomically deprived community such as the 
Pokot farming community leads to negative health 
consequences that reverberate throughout the life cycle 
of an individual [18, 19]. The West Pokot District is one 
of the 10 poorest districts in Kenya, with about 43% 
of its population living at the poverty line* and 49% 

below the poverty line. Literacy levels have remained 
low. It is estimated that only 1.1% of individuals are 
formally employed [9].

In this study, changes in maternal body weight were 
minimal. Although a single measurement of maternal 
weight has been reported to be correlated with low 
birthweight [11], interpretation of maternal weight is 
constrained by the fact that it varies according to the 
mother’s health and nutritional status, stage of gesta-
tion, physiological condition, and genetic background. 
Although total weight may be sensitive to these factors, 
it lacks specificity as an indicator. The large variation 
in weight within a specific height category has given 
rise to various expressions of weight-for-height, such 
as the body-mass index. A very low body-mass index is 
a fairly accurate reflection of severe wasting of both fat 
and lean tissue. Weight loss during lactation is variable 
and depends on socioeconomic status, weight gained 
during pregnancy, energy intake, and pattern of breast-
feeding. Weight losses are highest in the first 3 months 
of lactation [20].

At 4 months postpartum, 23% of farming women 
and 26% of pastoral women had a body-mass index 
of less than 18.5 m/kg2. The level of body-mass index 
below which there is a risk of poor lactation or infant 
growth has not been reported. It is possible to estimate 
a level based on the lower limit of body-mass index 
(< 18.5 m/kg2) suggested for thin adults, adjusted for 
the average weight (4 kg) retained by mothers following 
an acceptable pregnancy weight gain (10.5 to 12 kg) 
and enough time for postpartum hydration to have 
equilibrated (2 to 4 weeks). In most cases, this results 
in an estimated cutoff for body-mass index of 20.3 
m/kg2 at 1 month postpartum for women 150 cm tall. 
Body-mass index may be expected to decline steadily 
throughout the first 6 months of lactation, at which 
point a value of 18.5 m/kg2 for a nonpregnant, non-
lactating woman can be used as a cutoff for identifying 
women at risk for chronic energy deficiency [11] .

Infections have a profound effect on nutritional 
status. West Pokot is a malaria-endemic area. During 
the 2003 Kenya National Demographic and Health 
Survey, the prevalence of HIV infection among women 
in the Rift Valley was 9.0% for those 20 to 24 years of 
age and 12.9% for those 25 to 29 years of age [16]. 
Multiple nutrients may play a role in protecting against 
or exacerbating malaria. A number of cross-sectional 
studies have shown an inverse relationship between 
vitamin A levels and the concentration of malaria 
parasites in the blood [21]. Earlier studies in which 
iron was given therapeutically, either as prophylaxis or 
for the treatment of iron deficiency, suggested that iron 
supplementation might be associated with an increased 

* The poverty line is set as the cost of “normative basic 
needs” sufficient to reach a predetermined energy require-
ment.
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incidence of clinical malaria [22, 23 ]. This suggestion 
has not been confirmed in studies conducted more 
recently [24, 25]. Nevertheless, a recent meta-analysis 
has shown that the evidence still favors a small but sig-
nificantly increased risk of malaria following iron sup-
plementation [26]. Relatively little is known about the 
converse association—that is , the incidence of malaria 
among iron-deficient persons. A recent Kenyan study 
found that the incidence of clinical malaria was signifi-
cantly lower among iron deficient children and that the 
incidence of malaria was significantly associated with 
plasma ferritin concentration [27]. Iron supplementa-
tion programs in accordance with international dosing 
guidelines are appropriate for iron-deficient popula-
tions residing in malaria-endemic areas [21].

The prevalence of low maternal hemoglobin con-
centration (< 110 g/L) during the third trimester of 
pregnancy was significantly higher in pastoral than in 
farming women. The relative risk of low hemoglobin 
concentration was about 2.6 times higher for women 
living in pastoral communities than for those living in 
farming communities. The higher risk among pastoral 
women may be due not only to nutritional inadequacy 
but also to the fact that these women are more vulner-
able to endemic malaria because they live in a hot 
savannah climate at lower altitudes. The problem is 
that infections such as malaria and HIV may induce an 
acute phase response that may increase serum ferritin 
concentrations and decrease hemoglobin concentra-
tions. This might be the case for the pastoral Pokot 
women in our study. Chronic infection is another 
potential confounder of the biochemical iron indices 
that were used, and unfortunately we were unable to 
collect data on acute phase proteins such as C-reactive 
protein. Failure to consider the effects of the acute 
phase response results in a distorted estimate of the 
prevalence of iron deficiency [28]. Our data need to 
be interpreted with this in mind.

In this study, 25% of the Pokot women were found 
to have serum retinol concentrations of less than 0.70 
µmol/L during pregnancy. In a national demographic 
survey carried out in 2003, 11.6% of pregnant women 
were reported to be night-blind [16]. Night-blindness 
is considered a proxy indicator of vitamin A status. Just 
as reported for iron indices [28, 29], surveys to estimate 

vitamin A deficiency should also include measurements 
of serum C-reactive protein. Omission of this assess-
ment may have affected our estimates of serum retinol. 
A study by Sapin et al. [30] found that healthy, well-
nourished pregnant women who reached full term had 
the same absolute quantities of retinol as nonpregnant 
women and that the lower concentrations of retinol in 
pregnant women who had reached full term were due 
to expansion of plasma volume.

In conclusion, life in the Pokot communities remains 
harsh and traditional. It is a life associated with pov-
erty. The Pokot farming way of life was associated with 
negative changes in maternal body composition, iron 
stores, and vitamin A status during the third trimester 
of pregnancy and at 4 months after delivery. These fac-
tors may have partially determined pregnancy outcome. 
Pastoral and farming women were equally affected by 
the high prevalence of vitamin A deficiency and low 
iron stores. Although we recommend that intervention 
strategies aim at preventing reductions in maternal 
body composition and infant birthweight, we also point 
out that associations do not prove causality. Clearly the 
body composition, serum retinol concentration, and 
ferritin concentration of the women, especially of the 
farming women, are the result of complex interactions 
between physiological and environmental factors that 
may include low caloric intakes, high levels of physical 
activity, and coexisting diseases.
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Abstract

Background. Care is increasingly being recognized as a 
crucial input to child health and nutrition, along with 
food security, availability of health services, and a healthy 
environment. Although significant gains have been made 
in the fight against malnutrition in Tanzania, the nutri-
tional status of preschool children in urban areas is not 
improving.

Objective. To assess child-care practices and the 
nutritional status of infants and young children with the 
aim of improving feeding practices and child nutritional 
status.

Methods. A cross-sectional study was undertaken in 
urban Dar-es-Salaam, Tanzania. The study involved 100 
randomly selected mothers of children 6 to 24 months 
old from households in Ilala Municipality, one of the 
three municipalities that constitute the Dar-es-Salaam 
City Council. Data were collected by a structured ques-
tionnaire, spot-check observations, and anthropometric 
measurements.

Results. The prevalence rates of stunting, underweight, 
wasting, and morbidity were 43%, 22%, 3%, and 80%, 
respectively. The prevalence of exclusive breastfeeding 
was very low (9%), and most stunted children (88%) 
were not exclusively breastfed for the first 6 months. 
The mean age at which complementary foods and fluids 
were introduced was 3.26 ± 1.12 months (range, 1 to 5 ± 1.12 months (range, 1 to 5 ±
months). The fluids given were mainly water and thin 
cereal-based porridge. More than half of the households 
practiced good hygiene. Most of the psychosocial practices 
(e.g., caregiver’s attention, affection, and involvement in 
child feeding, hygiene, health care, and training) were 
performed by mothers, except for cooking and feeding the 

children and child training, which were done mostly by 
alternative caregivers. Nearly half of the mothers (44%) 
worked out of the home. The mean number of working 
hours per day was long (10.32 ± 2.13), necessitating the ± 2.13), necessitating the ±
use of alternative caregivers. A negative correlation was 
found between height-for-age z-scores and the number of 
hours mothers worked outside the home.

Conclusions. The prevalence rates of chronic malnu-
trition and morbidity are high, and child-feeding prac-
tices are inadequate in this urban population. Maternal 
employment and educational characteristics constrain 
good child-care practices, and alternative caregivers are 
taking a more important role in child care as mothers join 
the work force. We recommend that formative research 
be conducted to study the actual practices of caregivers 
in order to form the basis for a child-care education pro-
gram. There is also a need to strengthen national health 
system support for improved child feeding.

Key words: Child-care practices, child-feeding prac-
tices, nutritional status, preschool children, Tanzania

Introduction

About one-third of the population of Africa live in 
urban areas, and this proportion is expected to increase 
to more than one-half by the year 2033 [1]. The average 
rate of urban population growth in East Africa from 
1995 to 2025 is projected to be 4.7%, so that by the year 
2025, 41.2% of the population in this region will live 
in urban areas [2].

Urbanization and changing food habits and lifestyles 
have placed an additional burden on nutritional prob-
lems in Africa. The incidence of malnutrition among 
preschool children (under 5 years of age) in low socio-
economic groups is on the increase [3]. Diversification 
of available food and better services can be viewed as 
factors that have positive nutritional outcomes. How-
ever, some studies have found that a cash economy in 
which most food has to be purchased and lessening of 

Constraints on good child-care practices and 
nutritional status in urban Dar-es-Salaam, Tanzania
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extended family interactions are among the factors that 
can lead to negative nutritional consequences [4, 5].

During the 1980s, there were three major types of 
specific national nutritional programs whose objec-
tive was to reduce the high rates of malnutrition and 
mortality: the Iringa Joint Nutrition Support Pro-
gramme (JNSP), the Child Survival Protection and 
Development (CSPD) Programme, and the National 
Micronutrient Control Programme (NMCP). Although 
these programs were successful in terms of sustain-
ability and reducing the very high rates of severe 
malnutrition [6], the nutritional status of young 
children has not improved. Data collected in the 1999 
Tanzania Demographic Health Survey (TDHS) to 
assess the nutritional status of children under 5 years 
of age were similar to those obtained in the 1991–92 
and the 1996 TDHS. The three surveys found that the 
prevalence of stunting has remained at around 43% to 
44%. The prevalence of wasting rose from 6% to 7% 
from 1991–92 to 1996 and decreased to 5% in 1999. 
The proportion of underweight children remained 
constant at around 29% to 31% [7]. Deterioration in 
the nutritional status of children was shown to begin 
shortly after birth and continue through the first 18 
months, and then to improve slightly thereafter to the 
third birthday [7].

Although significant gains have been made in the 
fight against malnutrition in Tanzania, the nutritional 
status of preschool children in urban areas is not 
improving. Conditions of urban poverty, the high 
proportion of women working outside the home, 
dependence on a cash income, and the unavailability 
of household resources (food, water, sanitation services, 
and alternative child caregivers) have been found to be 
the major constraints to good child-care practices in 
some African cities [1]. Care refers to the provision (in 
both the household and the community) of time, atten-
tion, and support to meet the physical, mental, and 
social needs of the growing child and other household 
members [8]. Care practices necessary for good growth 
and development in children under the age of 3 years 
include care for women; young child feeding, psycho-
social stimulation, and support for development; food 
preparation, hygiene, and storage; personal hygiene 
practices; and home health practices. These care prac-
tices require human, economic, and organizational 
resources and support from the family [9].

Children’s basic needs are the same in all cultures; 
however, care practices and resources vary greatly 
between cultures, and even within different groups 
within cultures. Widespread changes in society, such 
as urbanization and the changing economic role of 
women, require adaptations in care practices [9]. 
Understanding the importance of care practices would 
help identify good practices that should be encour-
aged and poor practices that should be corrected. 
Since performance of care practices requires enough 

resources for the caregiver to be able to put knowl-
edge into practice, understanding the extent to which 
household resources influence child-care practices 
would contribute to the improvement of interven-
tion strategies to address malnutrition among urban 
preschool children. The purpose of this study was to 
assess child-care practices and the nutritional status 
of children aged 6 to 24 months in Ilala Municipality, 
Dar-es-Salaam, Tanzania.

Subjects and methods

The study was carried out in Ilala Municipality of the 
Dar-es-Salaam region in December 2003. The region 
is located on the east coast of Tanzania, bordered by 
the Indian Ocean to the east and on all other sides by 
the Coast region. The estimated population of Dar-es-
Salaam, according to the 2002 census, was 2,497,940 
[10]. Ilala Municipality is one of three municipalities 
that constitute the Dar-es-Salaam City Council. It 
consists of three divisions: Kariakoo, Ilala, and Ukonga. 
Ilala was selected by simple random sampling, and 
three wards from Ilala (Buguruni, Vingunguti, and 
Tabata) were selected by systematic sampling. A sam-
pling frame constituting households with children 6 to 
24 months of age was constructed from each selected 
ward and the households were numbered. There were 
98 households in Buguruni, 102 in Vingunguti, and 
99 in Tabata. From each list, a random selection of 
every third household with a child 6 to 24 months of 
age was performed, resulting in a total of 100 study 
households—33 from Buguruni, 34 from Vingunguti, 
and 33 from Tabata. Ethical approval to conduct the 
study was obtained from the Office of the Vice-Chan-
cellor, Sokoine University of Agriculture. Permission to 
conduct the study was obtained from the office of the 
Ilala Municipal Director.

A structured questionnaire was constructed and 
pretested on a group of nonparticipating mothers, and 
adjustments to the questions were incorporated accord-
ingly. The pretested questionnaire was used to collect 
information from mothers with children between 6 and 
24 months of age. It consisted of questions on back-
ground characteristics of parents (age, marital status, 
education level, and occupation) and households in 
general; feeding practices; use of preventive health 
services and morbidity of children; hygiene practices; 
psychosocial practices (e.g., caregiver’s attention, affec-
tion, and involvement in child feeding, hygiene, health 
care, and training); and anthropometry. Hygiene prac-
tices were assessed and graded as “clean” or “not clean” 
by a spot-check approach [1], using observations of 
predetermined hygiene-related features of the caregiver, 
index child, house compound, and latrine. These fea-
tures have been used in previous surveys as proxies for 
positive or negative behaviors, rather than observations 
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of the behaviors themselves, and the method has been 
used in cross-sectional surveys [1].

Weight [11] was measured to the nearest 0.1 kg with 
a Salter scale (Model 235, CMS Weighing Equipment, 
London) while the children were minimally clothed 
and without shoes. Recumbent length was measured 
by a measuring board (Perspective Enterprises, Portage, 
MI, USA) with a movable foot piece and fixed headrest 
placed horizontally on a flat surface. With the child 
lying in the supine position, the length was recorded 
to the nearest 0.1 cm. The child’s age was determined 
from the date of birth recorded on the clinic card. 
Three anthropometric indices—height-for-age, weight-
for-age, and weight-for-height—were computed by 
comparing the child’s measurements with the reference 
values of the US National Center for Health Statistics 
(NCHS) using the Epi-Info software program (Ver-
sion 6.0; Centers for Disease Control and Prevention, 
Atlanta, GA, USA) [12]. The prevalence rates of stunt-
ing (low height-for-age), underweight (low weight-for-
age), and wasting (low weight-for-height) were defined 
as the proportions of children who had index scores 
below –2 SD of the NCHS reference mean [12].

All questionnaires were checked in the field for 
completeness and consistency. All households gave oral 
consent to be interviewed after the study objectives 
were explained to them.

Data were entered and analyzed by the Statisti-
cal Package for the Social Sciences (SPSS) program 
(Windows version 9.0; Chicago, IL, USA). Means and 
SDs were computed for continuous variables, and 
frequencies and proportions were computed for cat-
egorical variables. Associations and relations between 
nutritional status indices and other variables were 
tested by chi-square and Pearson correlation tests, 
respectively. The level of significance was set at p < .05 
for all analyses.

Results

Males headed 74% of the households and females 26%. 
The mean household size was 5.3 ± 2.2 (range, 3 to 
17). The education levels of most of the male heads of 
the participating households ranged from primary to 
tertiary school. The main sources of income were from 
permanent employment (57%) and informal business 
(43%). The mean household income per year was 
US$1,030.40 (TSh. 1,137,570 ± 753.50).* Other house-
hold care resources are presented in table 1. The major-
ity of the households occupied rented rooms (75%). 
All households had access to a protected water supply. 
Ninety-four percent of the households had access to 
running water outside their rooms or houses, and 
6% had access to covered wells. More than half of the 

households used public pit latrines and public dump-
ing bins for garbage disposal. Most households owned 
radios, furniture, and charcoal or kerosene stoves, but 
only 27% of households owned a television set.

The mean age of the mothers was 27.9 ± 4.18 years 
(range, 18 to 37 years). The mean number of years of 
schooling for the mothers was 9.23 ± 3.43 (range, 0 to 
16). Most of the mothers (94%) had some form of basic 
education; 82% had a high school education, 12% had 
professional certificates or diplomas, and 6% had no 
schooling at all. A large proportion (75%) of the moth-
ers were married, 13% were not officially married but 
living with a partner, 7% were widows, and 5% were 
divorced. Ninety-five percent of the mothers who were 
not married or who were divorced reported receiving 
financial support from the child’s father.

Forty-four percent of the mothers worked full-time 
and 30% were not employed (table 2). Of the 70 moth-
ers who were working full-time or part-time, 37% were 
engaged in small businesses at home, 36% were traders 
in local markets, and 27% were formally employed as 
teachers, nurses, bar and restaurant attendants, and 
office and shop workers. The mean number of hours 
these mothers worked per day was 10.32 ± 2.13 (range, 
4 to 14), and up to 67% of them worked 8 hours or 
more per day. Of the mothers who worked full-time, 
57% employed alternative caregivers and 27% lived 
with their relatives who acted as alternative caregivers. 
The remaining 16% worked and looked after their 
children simultaneously.

TABLE 1. Distribution of selected care resources among 
households (n = 100)

Resource
% of 

households

Housing quality
Satisfactorya

Goodb

Very goodc

Assets owned
Radio
Television set
Furniture
Charcoal stove

Garbage disposal
Public dumping bins
Dug household pits
Has protected water supply

Type of latrine
Public pit
Private pit
Private flush 

54
21
25

98
27
96
93

76
24

100

62
30

8

a. Rented rooms built of bricks, unplastered unpainted walls, ceiling 
board present, very small rooms and windows.

b. Rented rooms built of bricks, walls plastered with cement and 
painted, ceiling board present, small rooms and windows.

c. Rented house built of bricks, walls plastered with cement and 
painted, ceiling board present, large rooms and windows.

* Exchange rate at the time of survey: 1US$ = 1,104 TSh.
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The mean age of the children was 14.35 ± 5.97 
months; 55% were girls. The mean birth order was 
3.39 ± 1.19. The distribution of child nutritional status 
is presented in table 3. The prevalence rates of stunt-
ing, underweight, and wasting were 43%, 22%, and 
3%, respectively. The mean height-for-age was –1.94 
± 1.18 z-score, the mean weight-for-age was –0.004 ±
0.93 z-score, and the mean weight-for-height was 1.68 
± 1.25 z-score. The prevalence rates of stunting by age 
were 100% for children aged 6 months (n = 5), 42.8% 
for those aged 7 to 11 months (n = 35), and 38.3% for 
those aged 12 to 24 months (n = 60).

A high proportion of children (80%) had been ill 
during the 7 days prior to the survey. Malaria accom-
panied by fever (40%), diarrhea (35%), and cough 
and cold (25%) were the major illnesses, and most 
children had more than one illness. The majority of 
the children (90%) were taken regularly to maternal 
and child health (MCH) clinics for growth monitoring. 
However, only 80% of the children had been taken to a 

clinic one month prior to the survey; 75% of these were 
older children (12–24 months) and 25% were younger 
children (7–11 months). The immunization rate was 
high, with 95% of the children having received a full 
course of immunizations before their first birthday.

Few mothers (9%) reported that their children had 
been exclusively breastfed for the first 6 months, and 
more than 80% of the mothers reported using water 
and thinly prepared porridge as complementary food 
(table 4). A smaller proportion of mothers had fed 
cow’s milk, fruit juices, or commercial milk formulas 
to their infants. Of the children who were not exclu-
sively breastfed, 1.1% were first given complementary 
foods or fluids at 1 month of age, 19.8% at 2 months, 
57.1% at 3 months, 20.9% at 4 months, and 1.1% at 
5 months.

A high proportion of mothers (78%) were breast-
feeding at the time of the survey. All 6-month-old 
children (n = 5) were breastfeeding, as were 94% of 
those aged 7 to 11 months and 66.7% of those aged 
12 to 24 months. Among the 22% of the children 
who were not breastfeeding at the time of the survey, 
the mean duration of breastfeeding was 11.91 ± 4.69 
months. The minimum age at which complementary 
foods and fluids were introduced to these children was 
2 months.

The mean age of introduction of complementary 
foods and fluids for all children was 3.26 ± 1.12 months. ± 1.12 months. ±
The most commonly given complementary food was 
a thin, cereal-based porridge made from maize, rice, 
or millet. As the child grew to accept the porridge, the 
mothers would introduce locally made cereal-legume 
or oilseed mixtures, with beans, groundnuts, and 
soybean most commonly given. The most frequently 
given reason for stopping breastfeeding was that the 
child was accustomed to other foods and fluids and 
was eating well, leading to refusal of the breast. There 
was a significant positive correlation between the age at 

TABLE 2. Distribution of maternal employment characteristics

Characteristic 
% of 

mothers

Current employment (n = 100)
Full-time housewife
Working part-time
Working full-time
Unemployed (looking for work)

Place of employment (n = 70)
Home (n = 26)
Markets (n = 25)
Office, school, hospital, or shop (n = 19)

Child care (n = 70)
Mother works and looks after child (n = 11)
Mother uses alternative child care
 Employs household help (n = 40)
 Lives with a relative (n = 19)

24
26
44

6

37
36
27

16

57
27

TABLE 3. Nutritional status of children according to age 
(n = 100)

Feature
0–6 mo
(n = 5)

7–11 mo
(n = 35)

12–24 mo
(n = 60)

Stunting (no. of 
children)
Normal 0 20 37
Stunted 5 15 23

Underweight (no. of 
children)
Normal 5 26 47
Underweight 0 9 13

Wasting (no. of 
children)
Normal 5 34 58
Wasted 0 1 2

TABLE 4. Child-feeding practices (n = 100)

Practice % of children
Child breastfed exclusively

Yes
No

Prelacteal feeds given (n = 91)
Water
Fruit juice
Thin porridge
Cow’s milk
Infant formula (Lactogen)
Powdered milk (Nido)

Mother’s reason for introducing 
complementary foods (n = 91)
Little milk from breasts
Resumed work
Advised by health workers
Food provides more nutrients 

9
91

87
36
88
23
12
13

24
27
19
30
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which complementary foods were introduced and the 
number of years of the mother’s schooling (r = 0.296, r = 0.296, r
p = .001).

Although there was no significant association 
between degree of stunting and whether or not the 
child was exclusively breastfed, 88% of the stunted 
children were not exclusively breastfed for the first 
6 months. Complementary foods were introduced 
to these stunted children at 2 to 3 months (68%), 
4 months (22%), and 6 to 7 months (10%). There was 
a significant association (p = .016) between degree 
of stunting and breastfeeding status at the time of 
the survey. Of those children who were not currently 
breastfeeding (n = 22), 72.7% were stunted. There 
was no association between a child’s nutritional status 
and whether the mother worked outside the home. 
Although more than half (59.1%) of children whose 
mothers worked full-time (n = 44) were stunted, the 
association was not significant. However, there was a 
significant negative correlation between height-for-
age z-scores of children and the number of hours per 
day mothers worked outside the home (r = -0.275; r = -0.275; r
p = .035). The z-scores were found to be lower as the 
number of hours mothers worked away from home 
became greater.

Spot-check observations found that on the basis of 
all hygiene indicators observed, more than half of the 
households practiced good hygiene (table 5). Mothers 
performed most of the psychosocial practices investi-
gated, that is, taking child to hospital and maternal and 
child health (MCH) clinics, cooking child’s food but 
not feeding the child, bathing the child and washing 
child’s clothes. However, alternative caregivers were 
more likely to cook for the children and feed them 
(64%) and to train them to stand, walk, and talk (60%) 
(table 6).

Discussion

Nutritional status

We assessed the nutritional status of children and child-
care practices in households with children aged 6 to 24 
months in urban Dar-es-Salaam. Nearly half (43%) of 
the children we studied were stunted. This prevalence 
was similar to the 43.8% reported by the Tanzanian 

Demographic and Health Survey (TDHS) in 1999 [7]. 
All study children 6 months of age were stunted, as 
were nearly half of those aged 7 to 11 months and half 
of those aged 12 to 24 months. The prevalence rates 
of wasting (3%) and underweight (22%) in this study 
were slightly lower than those documented in 1999 by 
the TDHS (5.4% and 29.4%, respectively). A review of 
global anthropometric data has shown that the preva-
lence of stunting in sub-Saharan African countries is 
usually about twice that of underweight [13]. Stunting 
was the only nutritional status index with children in 
the severe category. Eleven percent of the children in 
this study were found to be severely stunted, as com-
pared with 17.1% in the 1999 survey. We observed that 
chronic malnutrition, as indicated by the high rate of 
stunting, was a significant health problem.

Our data are different from those reported in the 
1999 survey by the TDHS, probably because the 1999 
data were based on average values from a large sample 
of children 6 to 60 months of age. In addition, our 
survey was carried out in 2003, when a number of fac-
tors could have contributed to a decrease in the rate of 
wasting and underweight since 1999 in the urban area. 
These factors include improved access to healthcare 
services and management of childhood illnesses.

Stunting reflects the cumulative effects of numer-
ous insults experienced by children during pregnancy, 
infancy, and early childhood, beginning at birth and 
continuing through the initial 18 months, after which 
it is irreversible. Faltering in length extends through 
the first 40 months of life, whereas faltering in weight 
is concentrated between 3 and 12 months [13]. After 
12 months of age, a child may be stunted and of low 
weight-for-age; however, the weight-for-height ratio 
rapidly improves. This suggests that after 12 months, 
weight gain can be adequate even while the process 
of stunting continues for another 2 years [13]. Until 
recently the extent to which faltering in length and 
weight follow distinctly different age-specific patterns 
that most likely reflect different causal mechanisms was 
not widely appreciated [13].

TABLE 5. Hygiene behaviors (n = 100)

Observation % of households 

Child is cleana

Mother or caregiver is cleana

Compound is swept
Latrine is swept or mopped 

73
77
75
62

a. Observations were made of hair, face, nose, hands, nails, clothes, 
and feet.

TABLE 6. Psychosocial practices of mothers and alternative 
caregivers (n = 100)

Practice
% of 

mothers

% of 
alternative 
caregivers

Cooking child’s food
Cooking child’s food and feed-

ing child
Washing child’s clothes
Bathing child
Taking child to maternal and 

child health clinic and hos-
pital

Training child to stand, walk, 
and talk

62
36

54
56
90

40

38
64

46
44
10

60
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The high rate of stunting of children at 6 months of 
age in this study is a clear indication of intrauterine 
growth retardation; however, we did not have records 
of birth length to substantiate this observation. Chil-
dren’s length at birth is rarely measured and recorded, 
unlike birth weight, which is routinely recorded. The 
high rate of stunting of children at 6 months of age 
could have been caused by harmful cultural practices 
that contribute to inadequate dietary intake during 
pregnancy and result in intrauterine growth retarda-
tion. Pregnant women living in Tanzanian coastal 
communities such as urban Dar-es-Salaam are gener-
ally advised by their elders to eat little food in order 
to avoid having a big baby, who will cause problems 
during childbirth. Without timely interventions, the 
child is born already short for his or her age and con-
tinues in this condition throughout early childhood, 
as we observed in nearly half of the children aged 7 
to 11 months and half of those aged 12 to 24 months. 
With poor child-feeding practices (e.g., low rates 
of exclusive breastfeeding and early introduction of 
complementary foods of poor quality), such as those 
found in this study, the likelihood of growth faltering 
at 6 months or older is high. Stunting, accompanied by 
macronutrient and micronutrient deficiencies and high 
rates of infectious disease, is most prevalent in the first 
year of life [14]. The consequences of stunting include 
high susceptibility to infectious diseases due to lowered 
immunity caused by inadequate dietary intake, as well 
as delayed cognitive and motor development [13].

Feeding practices

A very low proportion of children (9%) in this study 
were exclusively breastfed for the first 6 months. 
Low rates of exclusive breastfeeding have also been 
documented by researchers in Tanzania [7, 15, 16]. In 
a 1999 TDHS survey, the proportion of children 6 to 24 
months of age who were exclusively breastfed was 4.4% 
[7]. The rates of exclusive breastfeeding for children 
under 6 months of age during 1995–2002 have gener-
ally been low, not only in Tanzania (32%) but also in 
Kenya (5%), Zimbabwe (33%), and the sub-Saharan 
region (28%) [17]. The rate of breastfeeding in this 
study was high (78%); however, about one-third of 
children 12 to 24 months of age were not breastfed.

Early introduction of complementary foods was 
commonly practiced by the mothers, with the major-
ity serving prepared porridge and water to their 
infants by the time they were 3 months of age. We 
observed that mothers were not following internation-
ally recommended practices, which require exclusive 
breastfeeding up to 6 months, with introduction of 
complementary foods at 6 months while breastfeeding 
is continued [13, 18]. A significant (p = .016) associa-
tion was observed between stunting and breastfeeding 
status. A high proportion of children who were not 

breastfeeding were found to be stunted. Since at least 
66% of children 12 to 24 months of age and an even 
higher percentage of younger children were still breast-
feeding, it is possible that something other than early 
cessation of breastfeeding was responsible for the rate 
of stunting observed. Stunting could have been a result 
of intrauterine growth retardation, low rate of exclusive 
breastfeeding, early introduction of low nutrient-dense 
complementary foods, and a high morbidity rate. It has 
been observed elsewhere that linear growth begins to 
falter at birth even when breastmilk meets the energy 
requirements of the growing infant [13].

Early introduction of complementary foods and 
fluids tends to displace breastmilk consumption, 
causing a decrease in milk output due to decreased 
production. In this study, early introduction of com-
plementary foods and fluids could have displaced 
consumption of breastmilk and hence its benefits. On 
the other hand, the foods and fluids consumed, in most 
cases, are of low nutrient density, and thus are not able 
to meet a child’s nutrient requirements. In this study 
the most common fluids given to children were water 
and a thin, cereal-based porridge. Low breastfeeding 
rates caused by early introduction of complementary 
foods have been documented to be a major cause of 
severe malnutrition among children under 2 years of 
age in central Tanzania [16].

Morbidity

The high rate of morbidity observed in this study was 
mainly due to diseases such as malaria (accompanied 
by fever), diarrhea, cough, and cold. No significant 
association was found between illness and nutritional 
status of the infants and children in this study; however, 
significant associations between illness and wasting 
or stunting have been reported in the Philippines 
[19]. Early introduction of complementary foods 
such as those observed in the present study is usually 
accompanied by the introduction of contaminants and 
foreign microorganisms to the infant’s gut. This leads 
to increased exposure to enteropathogenic bacteria, 
resulting in diarrheal diseases. Frequent episodes of 
diarrheal diseases reduce the availability of nutrients.
Young children in Tanzania have about five episodes 
of diarrhea annually, accounting for about 23% of 
pediatric admissions at the national referral hospitals 
[20]. Early introduction of complementary foods and 
fluids also tends to displace breastfeeding and thus 
leads to inadequate nutrient intake, lowered immunity 
accompanied by frequent infections, and subsequent 
impaired growth.

Immunization rate

A high (80%) rate of attendance at MCH clinics was 
observed in the present study; however, as children 
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grew older the rate of attendance diminished, simply 
because older children were not brought to the clinics 
as frequently. Nearly all children (95%) had received 
all immunizations recommended for their age; those 
who had not been fully immunized had generally 
missed one or more of their diphtheria/pertussis/teta-
nus (DPT) vaccinations, which are given in a series of 
doses. A higher rate of attendance at MCH clinics in 
urban areas has also been observed in Tanzania [15].

Mother’s level of education

The mother’s educational level had no significant asso-
ciation with the likelihood of exclusive breastfeeding. 
However, there was a significant positive correlation 
between the number of years a mother spent at school 
and the age at which she introduced complementary 
foods to the child. The mean number of years of 
schooling for mothers in this study was relatively high 
(about 9 years), and the majority of mothers had a 
basic primary education. Nutrition is not taught as 
such in primary schools, and therefore most of the 
mothers would have lacked formal knowledge of child-
feeding and care practices. A study in Lesotho showed 
that the association between maternal education and 
the child’s nutritional status was independent of nutri-
tional knowledge among poorer households, whereas 
among wealthier households the association was medi-
ated through increased nutritional knowledge [21]. A 
similar independent effect of maternal education was 
reported in the Philippines [19].

Mother’s work status

More mothers worked full-time than part-time, and 
a majority of those who were working were self-
employed, working from home or at the local mar-
kets. About 27% of employed mothers were formally 
employed in the public or private sectors. The majority 
of the working mothers left their children in the care 
of alternative caregivers. Although a nonsignificant 
association was found between children’s nutritional 
status and mothers’ employment status, the prevalence 
of stunting was higher in children whose mothers 
worked full-time than in those whose mothers did 
not work full-time. Maternal employment may not be 
a constraint to child care, because mothers modified 
their work patterns to attend to their young children’s 
needs [1]. The strategies by which mothers stop work-
ing, or work fewer hours, or take their infants to work 
may be successful in protecting their children but may 
seriously jeopardize their ability to generate income 
for the family [1]. The mean number of hours per day 
mothers worked full-time was high, and a majority of 
the mothers worked more than eight hours per day, 
which would make hiring an alternative caregiver for 
the child the best solution.

The benefits of having an alternative caregiver may 
be outweighed by the quality of child care he or she 
can provide, considering that most of the caregivers 
do not have experience and their level of education is 
low. In this study a significant negative correlation was 
found between children’s nutritional status (length-
for-age z-scores) and the number of hours the mothers 
worked outside the home. The z-scores decreased as the 
number of hours increased. With the mother working 
away from home most of the day, provisions for child 
care can be very important. The alternative caregivers 
were left to perform important care behaviors, such as 
preparing and cooking the children’s food and feeding 
and training the children. The behavior of the caregiver 
has been documented to influence children’s intake of 
complementary foods. Important caregiver behaviors 
include the level of encouragement provided to the 
child during feeding, the frequency of feeding, the 
quality of child–caregiver interaction, and the environ-
ment in which feeding takes place. If children are fed 
in places where there are many distractions, they do 
not consume the amount they would in environments 
more conducive to optimal eating [13]. Since most of 
the employed alternative caregivers are young and not 
mature enough to adhere to specific and regular care 
behaviors, their lack of responsiveness to the child 
during feeding and presumed lack of attention to feed-
ing patterns could have reduced the food intake of the 
children, thus contributing to the chronic malnutrition 
observed in this study. No firm conclusions can be 
drawn regarding the behavior of the caregivers, because 
the actual practices were not studied.

Nutrition education that targets alternative caregivers 
may in the long run improve child-care practices. Trials 
in providing nutrition counseling to Brazilian moth-
ers in health facilities resulted in positive responses in 
understanding and recalling breastfeeding and com-
plementary feeding recommendations. Improvements 
in maternal knowledge about complementary feeding, 
the timely introduction of complementary foods, and 
the quality of foods and feeding practices resulted in 
significant increases in energy, nutrient intakes, and 
weight among children older than 6 months [22, 23].

Care resources

Household care resources were found to have no sig-
nificant association with children’s nutritional status 
and care received and thus may not limit mothers’ 
ability to feed their children appropriately. The care 
resources included paternal marital status, educational 
level, occupation, and income; household size and 
quality; and ownership of assets. Similar findings were 
reported in another study carried out in Tanzania, in 
which household socioeconomic status, except for the 
ownership of a radio, had no significant association 
with child-feeding practices and nutritional status [15]. 
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However, significant associations between household 
resources and care practices were found in Haitian 
communities [24].

Conclusions and recommendations

Our study assessed child-care practices and nutritional 
status of infants and young children in an urban set-
ting and identified some constraints to good practices. 
The prevalence of chronic malnutrition and morbid-
ity was high in the study population. Child-feeding 
practices were inadequate. Household care resources 
do not appear to influence children’s nutritional status, 
whereas maternal employment and educational charac-
teristics constrain good child-care practices. Alternative 
caregivers are taking a more important role in feeding 
and caring for children as mothers join the work force. 
Efforts to improve feeding practices and to relieve the 
constraints to the adoption of optimal practices could 
have a significant effect on child nutritional status in 
this population.

Continued emphasis on nutrition education before 
the child is born, during prenatal and antenatal visits, 
and during growth-monitoring visits could go a long 
way to motivating mothers to avoid the use of prelac-

teal feeds, maintain exclusive breastfeeding for a rec-
ommended period of time, introduce complementary 
foods at the appropriate time, and improve general 
child care. Contacts with mothers during vaccination 
could offer an opportunity for nutrition counseling. 
In addition to weight, length or height measurements 
should be routinely taken by health personnel during 
growth-monitoring visits so that they can detect early 
growth faltering. For all these recommendations to 
succeed, there is a need to strengthen the national 
health system’s support for improved child feeding by 
coordinating activities with health professionals and 
ensuring that consistent support is given within the 
health system and communities.

Since few people attend colleges and universities 
that teach advanced courses in nutrition, teaching food 
and nutrition at the primary and secondary levels may 
reach a larger audience. This study provided no basis 
for conclusions regarding the behavior of the alter-
native caregivers, but we recommend that formative 
research be conducted to observe their actual prac-
tices. In addition, mothers, caregivers, and those who 
influence their decisions need nutrition and hygiene 
education messages that are easily understood and 
communicated in a manner that maximizes the likeli-
hood of their being implemented.
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Abstract

Background. Pediatric obesity is an important risk factor 
for chronic diseases in adulthood. Some infant feeding 
practices may contribute to childhood obesity.

Objective. To investigate whether the introduction 
of milk thickeners to bottle-fed infants between 3 and 6 
months of age was associated with higher anthropometric 
measurements and indices at 1 and 4 years of age.

Methods. A population-based birth cohort study was 
conducted in 1993 in the urban area of Pelotas, Brazil. 
Information was obtained at birth, at 1, 3, 6, and 12 
months, and at 4 years. Data were analyzed from the 
596 children for whom information was available from 
all follow-up visits. The exposure of interest was the use 
of milk thickener (flour added to cow’s milk) between the 
third and sixth months of life. The outcomes investigated 
were weight and length/height and the anthropometric 
indices weight-for-age, length/height-for-age, and weight-
for-length/height z-scores at 1 and 4 years.

Results. The prevalence of use of milk thickener at any 
time between the third and sixth months was 44.6%. In 
the adjusted analysis, children who received milk thick-
ener were, on average, 160 g heavier and 0.5 cm longer at 
1 year than those who did not receive it. Weight-for-age 
and length-for-age z-scores were positively associated 
with use of milk thickener. No association was observed 
between this feeding practice and weight-for-length z-
score. In the adjusted analysis, no effect of use of milk 
thickener on any of the anthropometric outcomes studied 
was observed at 4 years.

Conclusions. No association was found between the 
use of milk thickeners and weight-for-length/height 

z-scores in the first and fourth years of life. Future stud-
ies in other contexts would be helpful to further test this 
hypothesis.

Key words: Anthropometric indices, infant growth, 
milk thickeners

Background

Pediatric obesity is considered to be an important risk 
factor for chronic diseases in adulthood [1-3]. The 
ability to predict with certainty which babies will be 
heavy or obese during the first years of life, however, 
is limited [4]. Studies focused on the velocity of infant 
growth found that small-for-gestational-age babies that 
showed catch-up growth between birth and 2 years of 
age were heavier, taller, fatter, and had more central fat 
distribution at 5 years of age than other children [5].

Recent studies suggest that breastfeeding protects 
against overweight [6] and bottle-feeding puts infants 
at greatest risk for becoming obese [7]. Feeding infants 
from a bottle and the use of flour (milk thickener) to 
thicken cow’s milk served in a bottle were common 
maternal practices in Brazil in 1993 [8]. For exam-
ple, in a study conducted in 20 municipalities of the 
northeastern state of Alagoas, Brazil, 71% of the 191 
children between 6 and 18 months of age from low-
income families were receiving cow’s milk thickened 
with cassava flour [9]. At 3 months of age, 33.9% of 
babies born in Pelotas in 1993 received cow’s milk 
thickened with corn flour (Maizzena, Cremogena), 
rice flour (Arrozina), or other similar products. Adding 
these ingredients to children’s food increases its energy 
density and makes it plausible that the products could 
increase the risk of overweight.

This study aimed to investigate whether the intro-
duction of milk thickeners to bottle-fed infants between 
3 and 6 months of age was associated with higher 
anthropometric measurements and indices at 1 and 4 
years of age.

Milk thickeners do not infl uence anthropometric 
indices in childhood
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Methods

During 1993, a population-based birth-cohort study 
was conducted in the urban area of Pelotas, Southern 
Brazil, including all 5,249 infants born alive in the five 
maternity hospitals of the city. In Pelotas, a highly 
urbanized city with a population of about 300,000 in 
1993, more than 99% of all deliveries took place in 
hospitals. Two pediatricians and seven senior medical 
students interviewed all mothers soon after delivery 
with a pretested structured questionnaire. The chil-
dren were weighed naked with 10-g precision scales 
and their supine length was measured with specially 
designed length boards (AHRTAG baby length meas-
ures, London). The newborn birthweight was recorded 
by the maternity hospital staff. Gestational age was 
assessed for all babies according to the Dubowitz score 
[10] in the first 24 hours after birth. The scales were 
checked weekly with standard weights. Standardized 
procedures were used in all measurements.

At birth (perinatal interview), the questionnaire 
focused on demographic, environmental, and socio-
economic variables, as well as on characteristics of the 
pregnancy, labor, and delivery and utilization of health 
care. Information was obtained at birth, at 1, 3, 6, and 
12 months, and at 4 years. A detailed description of 
the methods of this study is given elsewhere [11]. At 
each follow-up visit, the mothers were interviewed 
at home by trained interviewers about characteristics 
of the infant’s feeding, frequency of diseases, and 
utilization of health care using standardized question-
naires. At follow-ups, the children were weighed with 
portable scales (CMS Weighing Equipment, London) 
and had their supine length or height measured with 
boards manufactured locally according to international 
specifications (AHRTAG, London, UK). Weight for age, 
length/height-for-age, and weight-for-length/height z-
scores were calculated according to the National Center 
for Health Statistics (NCHS) reference [12]. Data were 
analyzed from the 596 children for whom information 
was available from all follow-up visits.

The outcomes investigated were the anthropometric 
measurements (weight and length/height) and the indi-
ces weight-for-age, length/height-for-age, and weight-
for-length/height z-scores in the first and fourth year of 
life. The exposure of interest was the use of milk thick-
ener (corn or rice flour added to cow’s milk) between 
the third and sixth months of life. The variable was 
categorized as “no” (children who were not receiving 
milk thickener at the third or the sixth month of life) 
and “yes” (children whose mothers reported the use of 
milk thickener at either the 3-month or the 6-month 
follow-up, or at both follow-ups).

Information on possible confounding factors of 
the association between the exposure of interest and 
the outcome was gathered from the perinatal and the 
3-month interviews. From the perinatal interview, 

information was gathered on the maternal variables of 
family income, marital status, age, schooling, skin color 
(as a proxy for maternal race), and parity and the infant 
variables of occurrence of multiple births, birthweight, 
gestational age, and sex. Skin color was categorized 
as white or non-white per interviewer’s observation. 
Information on episodes of diarrhea and cough, hos-
pitalizations, type of feeding, weight, and length was 
obtained from the 3-month follow-up interview.

Family income in the month prior to delivery was 
expressed as minimum wages per month (equal to 
about US$50 in 1993). Women who were single, wid-
owed, divorced, or living without a partner were clas-
sified as single mothers. Maternal age was defined as 
completed years at time of delivery and categorized as 
< 20, 20–24, 25–29, 30–34, or ≥ 35 years. The mother’s 
formal education was categorized as 0, 1–4, 5–8, or ≥ 9 
completed school years. Parity was the number of pre-
vious births and was categorized as 0, 1, 2, or ≥ 3. Low 
birthweight was defined as less than 2,500 g. Preterm 
birth was defined as birth at less than 37 weeks of ges-
tational age. The pattern of breastfeeding at 3 months
was categorized as exclusive breastfeeding (breastmilk 
without any milk, tea, water, or food), predominant 
breastfeeding (breastmilk with the addition of teas 
and/or water but without the addition of other milks 
or food), partial breastfeeding (breastmilk used in 
combination with formula milk or other foods), and 
no breastfeeding at all [13]. The breastfeeding variable 
was not assessed at the 6-month follow-up.

The child’s weight at 3 months was recorded in 
grams. Episodes of diarrhea in the previous 15 days 
and episodes of cough in the previous 7 days were also 
recorded at the 3-month follow-up.

Associations between the use of milk thickener 
and the independent variables were analyzed by the 
chi-square test. Linear trend was tested for ordinal 
variables. The strength of the association was tested by 
linear regression analysis (crude and multivariable). 
All variables were tested as potential confounders of 
the association between the use of milk thickeners and 
growth at 12 months and 4 years of age [14]. Only 
potential confounders of the association between use of 
milk thickener and the anthropometric outcomes at the 
0.20 significance level were entered in the multivariable 
analysis. Statistical significance was defined by a two-
tailed p value below 0.05. All analyses were performed 
with STATA version 8.2 software.

The study protocol was approved by the Medical 
Ethics Committee of the Federal University of Pelotas, 
affiliated with the Brazilian Federal Medical Council. The 
mothers gave oral consent to participation in the study.

Results

The analyzed sample consisted of 596 children who 
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were followed up on five occasions after birth up to 
four years of age. Table 1 presents the distribution of 
the sample and the prevalence of the use of milk thick-
ener according to independent variables.

Most of the mothers had family incomes of three 
minimal wages or less (61.1%), lived with a partner 
(87.8%), were white (78.5%), were between 20 and 
33 years of age (72.2%), and had less than 9 years of 
formal education (74.3%). One-third of the mothers 
were having their first baby (34.1%). Of the newborns, 
7.6% were low birthweight, 6.9% were preterm, and 
1.2% belonged to multiple births. At the third follow-
up, 8.6% of the children had had diarrhea in the last 
15 days, 40.4% had had episodes of cough in the last 7 
days prior to interview, and 6.2% of the children had 

had at least one hospitalization in the first 3 months of 
life. Regarding the pattern of breastfeeding in the third 
month of life, 6.5% (n = 39) were exclusively breastfed, 
21.8% (n = 130) were predominantly breastfed, 30.0% 
(n = 179) were partially breastfed, and 41.6% (n = 248) 
were weaned.

The prevalence of use of milk thickener at any time 
during the third and sixth months of life was 44.6% 
(266 children). The use of milk thickener was reported 
by mothers or caregivers of 24.5% of the children at 
the third month and by 38.4% at the sixth month of 
life. The use of milk thickener at both follow-ups was 
reported by the mothers of 109 children (18.3%). The 
mothers of 330 children (55.4%) reported no use of 
milk thickener at all during the study period.

Maternal and child 
characteristics No. (%)

No. (%) 
using milk 
thickeners p

Monthly family income 
(minimum wages)
≤ 1
1.1–3
3.1–6
6.1–10
≥ 10

104 (17.5)
266 (44.6)
136 (22.8)

53 (8.9)
37 (6.2)

50 (48.1)
117 (44.0)

64 (47.1)
24 (45.3)
11 (29.7)

.4a

Lives with a partner
Yes
No

523 (87.8)
73 (12.2)

227 (43.4)
39 (53.4)

.1b

Maternal age (yr)
≤ 19
20–33
≥ 34

88 (14.8)
430 (72.2)

78 (13.0)

48 (54.6)
190 (44.2)

28 (35.9)

.02a

Maternal education (yr)
0
1–4
5–8
≥ 9

16 (2.7)
140 (23.5)
286 (48.1)
153 (25.7)

8 (50.0)
67 (47.9)

133 (46.5)
58 (37.9)

.07a

Maternal skin color
White
Nonwhite

468 (78.5)
128 (21.5)

201 (43.0)
65 (50.8)

.1b

Parity
0
1
2
≥ 3

203 (34.1)
167 (28.0)
116 (19.5)
110 (18.4)

96 (47.3)
62 (37.1)
52 (44.8)
56 (50.9)

.1b

Multiple birth
No
Yes

589 (98.8)
7 (1.2)

260 (44.1)
6 (85.7)

.03b

Low birthweight
Yes
No

45 (7.6)
551 (92.4)

27 (60.0)
239 (43.4)

.03b

Maternal and child 
characteristics No. (%)

No. (%) 
using milk 
thickeners p

Preterm birth
Yes
No

41 (6.9)
555 (93.1)

21 (51.2)
245 (44.1)

.4b

Sex
Male
Female

301 (50.5)
295 (49.5)

148 (49.2)
118 (40.0)

.02b

Diarrhea at 3 mo
No
Yes

545 (91.4)
51 (8.6)

240 (44.0)
26 (51.0)

.3b

Cough at 3 mo
No
Yes

355 (59.6)
241 (40.4)

138 (38.9)
128 (53.1)

.001b

Hospitalization 
at 3 mo
No
Yes

559 (93.8)
37 (6.2)

241 (43.1)
25 (67.6)

.004b

Breastfeeding pattern 
at 3 mo
Exclusive
Predominant
Partial
Weaned

39 (6.5)
130 (21.8)
179 (30.0)
248 (41.6)

5 (1.9)
22 (8.3)
86 (32.3)

153 (57.5)

<.001b

Weight at 3 mo (kg)
< 5.20
5.20–5.64
5.65–5.99
6.00–6.49
≥ 6.50

112 (18.8)
124 (20.8)
114 (19.1)
124 (20.8)
122 (20.5)

51 (45.5)
63 (50.8)
58 (50.9)
54 (43.6)
40 (32.8)

.02a

Weight-for-age 
z-score at 3 mo
< 0
0–<1
≥ 1

237 (39.8)
261 (43.8)

98 (16.4)

119 (44.7)
114 (42.9)

33 (12.4)

.02a

TABLE 1. Distribution of the sample and prevalence of use of milk thickeners between the third and six months of life, 
according to independent variables, Pelotas, 1993 (n = 596)

a. Test for linear trend.
b. Pearson χ2 test.
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Children of adolescent mothers and those from mul-
tiple pregnancies were given milk thickener more often 
than children of women more than 19 years old or from 
single pregnancies (table 1). Infant sex and weight at 
birth were also associated with the use of milk thicken-
ers, with male children and those who had low birth-
weight showing higher frequencies than the others. 
Positive histories of respiratory symptoms (cough) in 
the week previous to the third month follow-up and 
of hospitalization before completing 3 months of life 
were associated with the use of milk thickener. Children 
completely weaned at the third month of life also had 
higher frequencies of use of milk thickener.

At 12 months of age, the number of infants classi-
fied at weight-for-length z-score > 2 SD of the mean 
was higher among those who did not consume milk 
thickeners than among those who did (9.7% and 5.3%, 
respectively; p = .04). After adjustment for maternal 
skin color and birthweight, no significant difference 
was observed between consumers and nonconsumers 
of milk thickeners (odds ratio 0.57, 95% confidence 
interval 0.29–1.11; p = .1). At 4 years of age, the preva-
lence of children with weight-for-height z-score > 2 SD 
of the mean was comparable between nonconsumers 
and consumers, 12.0% and 8.4%, respectively (p = .2), 
even after adjustment for potential confounding factors 
(odds ratio 0.78, 95% confidence interval 0.47-1.31; 
p = .3).

Table 2 shows the crude and adjusted analyses of the 
effect of the use of milk thickener between the third 
and sixth months of life on infant anthropometric 
measurements and indices at 12 months of life. In 
the crude analysis, no measurements or indices were 
associated with the use of milk thickener in the third 
to the sixth months of life. In the adjusted analysis, 
weight, length, and z-score of weight-for-age and 
length-for-age were associated with the use of milk 

thickener. Children who received milk thickeners were, 
on average, 160 g heavier at 1 year of age than those 
who did not (p = .04). The mean length of users of milk 
thickener was 0.5 cm greater than that of those who did 
not. Weight-for-age and length-for-age z-scores were 
positively associated with the use of milk thickener. On 
the other hand, no association was observed between 
this feeding practice and weight-for-length z-score 
(p = .8) at 1 year of age.

In table 3, in the crude analysis, the use of milk 
thickener was associated with weight and height, but 
in the adjusted analysis no effect of milk thickener use 
was observed in any of the anthropometric outcomes 
studied at 4 years of age.

Discussion

The current study documents that bottle-fed chil-
dren who received milk thickeners between 3 and 
6 months of age had greater weight and length and 
greater weight-for-age and length-for-age z-scores at 
12 months of age. However, no increase in weight-for-
length/height z-score at 12 months or at 4 years of age 
was observed.

The strengths of this study are based on the fact that 
it had a cohort design with primary data collected at 
birth and regularly at 3 months, 6 months, 1 year, and 
4 years. In addition, it was possible to control for a 
number of factors known to be associated with feeding 
patterns in infancy. The main limitation of the study 
that needs to be considered is that it was not possible to 
record the amount of milk and the composition of the 
solid food at the studied intervals, so that it was impos-
sible to calculate the total daily energy intake among 
children from each group at each follow-up.

Available data suggest that changes in dietary and 

TABLE 2. Crude and adjusted analyses for use of milk thickeners in the complementary food between the third and sixth 
months of life over infant anthropometric outcomes at 12 months of age, Pelotas, 1993 (n = 596)

Anthropometric outcomes
Crude β coefficient

(95% CI) SE p
Adjusted β coefficient

(95% CI) SE p

Weight 0.009 (–0.203–0.222) 0.108 .9 0.160 (0.009–0.312)a 0.077 .04
Length 0.154 (–0.376–0.684) 0.270 .6 0.540 (0.141–0.939)b 0.203 .008
Weight-for-age z-score –0.030 (–0.220–0.160) 0.097 .8 0.155 (0.013–0.296)c 0.072 .03
Length-for-age z-score 0.009 (–0.171–0.189) 0.092 .9 0.188 (0.051–0.325) d 0.070 .007
Weight-for-length z-score –0.058 (–0.225–0.109) 0.085 .5 0.017 (–0.132–0.166)e 0.076 .8

a. Adjusted for maternal skin color, education, marital status, parity, multiple birth, birthweight, gestational age, sex, hospitalization, and 
weight at 3 months of age.

b. Adjusted for maternal skin color, age, education, marital status, parity, multiple birth, birthweight, gestational age, sex, cough, hospitaliza-
tion, and length at 3 months of age.

c. Adjusted for maternal skin color, education, marital status, parity, multiple birth, birthweight, gestational age, cough, hospitalization, and 
weight-for-age z-score at 3 months of age.

d. Adjusted for maternal skin color, education, marital status, parity, multiple birth, birthweight, gestational age, cough, hospitalization, and 
length-for-age z-score at 3 months of age.

e. Adjusted for maternal education, skin color, parity, multiple birth, birthweight, gestational age, and weight-for-length z-score at 3 months 
of age.
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lifestyle patterns, collectively known as the “nutrition 
transition,” have led to a worldwide trend of increase 
in obesity [15, 16]. A trend toward obesity in children 
is more and more frequent in both developing and 
newly developed societies [17, 18]. Previous analyses 
from two of the birth cohorts of Pelotas, for example, 
showed that the prevalence of overweight among 
4-year-old children increased from 4.9% in 1986 to 
10.5% in 1997 [19].

A qualitative survey on child feeding and nutrition 
conducted in Pelotas [8] showed that flour was rarely 
added to powdered milk, full-fat cow’s milk being 
more commonly used. This survey showed that some 
mothers greatly varied the kind of flour used in order 
to diversify the child’s diet. Price and availability in the 
city were important factors that influenced the choice 
of flour. As reported by mothers, addition of flour to 
milk given to small children was a delicate point in 
the relationship between mothers and doctors. Doc-
tors tried to persuade mothers not to add flour to the 
bottle of milk (because it would increase the amount 
of energy), but mothers, in general, did not comply 
with that recommendation. From the mothers’ point of 
view, there were three objectives to adding flour to the 
milk: to extend the intervals between meals, to fatten 
the child, and to regulate digestion.

The first objective was associated with poverty 
because feeding the child with less milk reduced the 
expenditure on infant foods. It was also a way to train 
the child to live with moderation and within the limi-
tations imposed by poverty. The second objective was 
to fatten the child. A fat child was appreciated by poor 
mothers as a sign of a wealthy family and a denial of 
poverty. The third was related to folk physiology. It was 
believed that milk thickeners refreshed and regulated 
the digestive system.

Another source of energy is the sugar added to 
cow’s milk. However, in the Brazilian culture, children 
consuming cow’s milk, with or without flour, typically 
also consume sugar added to the bottle. This addition 
of sugar to the bottle made it impossible to analyze 
its effects separately. Medical concerns regarding risk 

of overweight were plausible because of the higher 
energy value of infant milk preparations containing 
milk thickeners.

The association between the method of infant feed-
ing and subsequent obesity has been debated for a long 
time, stimulated by research suggesting that bottle-fed 
infants are fatter than breastfed infants. Also, the age 
of bottle-weaning has been shown to be associated 
with overweight in young children [20–25]. In addi-
tion, many studies have reported an increased risk 
of overweight and obesity among children with early 
introduction of complementary foods [6, 26, 27]. In 
the present study, no difference was found between 
consumers and nonconsumers of milk thickeners 
regarding the timing of introduction of most of the 
solid foods investigated. Only vegetables were intro-
duced at an early stage among children who consumed 
milk thickener; the difference between the groups was 
statistically significant.

In addition, after adjustment for potential con-
founding factors, no differences in z-scores of weight-
for-length/height were observed between children 
who received milk thickeners and those who did not. 
This lack of association may be explained by concur-
rent breastfeeding [28, 29]. A retrospective cohort 
study showed that breastfeeding was associated with 
a reduced risk of obesity in white children whose 
mothers had not smoked during pregnancy. In this 
subgroup, the reduction in obesity risk, compared with 
those never breastfed, occurred only for children who 
were breastfed for at least 16 weeks without formula 
or at least 26 weeks with concurrent formula [30]. In 
the Pelotas sample, 32.3% of children consuming milk 
thickeners were partially breastfed at 3 months.

Another possible explanation for the observed results 
was the self-selection bias of the mothers, as a result 
of which babies with unfavorable characteristics (low 
birthweight, history of respiratory symptoms 1 week 
prior to the 3-month interview, history of hospital 
admission before the age of 3 months, low weight-for-
age z-score at 3 months, and male sex) were chosen 
to receive cow’s milk with flour. An anthropological 

TABLE 3. Crude and adjusted analyses for use of milk thickeners in complementary food between the third and sixth months 
of life over infant anthropometric outcomes at four years of age. Pelotas, 1993 (n = 596)

Anthropometric outcomes
Crude β coefficient

(95% CI) SE p
Adjusted β coefficient 

(95% CI) SE p

Weight 0.389 (0.080–0.697) 0.157 .01 0.271 (–0.058–0.600)a 0.168 .1
Height 0.819 (0.243–1.394) 0.293 .005 0.512 (–0.096–1.119)b 0.309 .1
Weight-for-age z-score –0.175 (–0.397–0.048) 0.113 .1 –0.123 (–0.347–0.101)c 0.114 .3
Height-for-age z-score –0.109 (–0.303–0.085) 0.099 .3 –0.070 (–0.265–0.124)d 0.099 .5
Weight-for-height z-score –0.145 (–0.350–0.059) 0.104 .2 –0.137 (–0.341–0.068)e 0.104 .2

a. Adjusted for maternal skin color and education, birthweight, sex, weight, and breastfeeding pattern at 3 months of age.
b. Adjusted for maternal skin color and education, parity, sex, and breastfeeding pattern at 3 months of age.
c. Adjusted for maternal age, multiple birth, and weight-for-age z-score at 3 months of age.
d. Adjusted for maternal age and skin color, multiple birth, and length-for-age z-score at 3 months of age.
e. Adjusted for maternal age.
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study previously conducted in Pelotas [8] mentioned 
this as a strategy of mothers and caregivers to fatten 
the children.

Conclusions

In consideration of the fact that early infancy, together 
with gestation, is one of the critical periods for the 
development of obesity [31], and of the rapidity of 
early growth as well as the relative brevity of this first 
critical period, it is important to highlight the cur-
rent opinion that, at the present time, breastfeeding 
and delayed introduction of solid foods are the safest 
known ways to prevent child overweight and obesity 
and perhaps adult obesity and its chronic complica-
tions. In the present study no association was found 
between the use of milk thickeners and anthropometric 
outcomes. However, other studies in other contexts 
would be helpful to test this hypothesis, so that clinical 
decisions can be supported by scientific evidence.
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Abstract

Background. Dietary micronutrient deficiencies, which 
lead to diseases such as iodine deficiency disorders, iron-
deficiency anemia, and vitamin A deficiency, are serious 
public health problems in the developing world. Fortify-
ing salt with iodine, iron, and vitamin A is an attractive 
approach to simultaneously reduce the deficiencies of 
these three micronutrients in the diet.

Objective. To explore the technical feasibility of pro-
ducing triple-fortified salt fortified with iodine, iron, 
and vitamin A that would be stable under the climatic 
conditions of developing countries (i.e., high temperature 
and high humidity).

Methods. Triple-fortified salt was obtained by granu-
lation and encapsulation of commercially produced vita-
min A products, iodine, and iron compounds. Vitamin 
A retention was determined in the presence of five iron 
and two iodine compounds, in different combinations, 
under three different storage conditions. The influence 
of commercial stabilization techniques for the vitamin A 
palmitate source used (spray-dried or dissolved in oil), 
and the type of binder used for granulation on vitamin 
A retention in triple-fortified salt was studied. The influ-
ence of temperature, humidity, and chemical interactions 
on vitamin A stability in triple-fortified salt was also 
investigated.

Results. The most stable formulation retained 77.73% 
of vitamin A after 2 months of storage at 40°C, 60% rela-
tive humidity, and 95% under ambient conditions.

Conclusions. The results indicate that the production 
of a stable triple-fortified salt is technically feasible.

Key words: Salt fortification, vitamin A, iron, 
iodine

Background
More than two billion people in developing countries 
are at risk for iodine-deficiency disorders, iron-defi-
ciency anemia, and vitamin A deficiency, at either 
clinical or subclinical levels, due to dietary deficiencies 
of iodine, iron, and vitamin A [1].

Inadequate iodine intake results in iodine-deficiency 
disorders that can include mental and physical retarda-
tion, goiter, cretinism, reproductive failure, and infant 
mortality. Low iron intake leads to anemia, which 
impairs the transport of oxygen and basic cell func-
tions, affecting work performance and compromising 
immunocompetence [2]. Vitamin A deficiency has been 
shown to cause xerophthalmia, blindness, impaired 
growth and reproduction, and increased morbidity and 
mortality [3, 4]. The disorders caused by micronutrient 
deficiencies have huge social and economic costs to 
society, which could be eliminated by providing minute 
quantities of these nutrients daily. The most rapid, flex-
ible, and economical way to increase the nutrient intake 
of a population is by food fortification. For example, 
iron fortification would cost only about US$0.20 per 
capita per year, iodine fortification about US$0.10 per 
capita per year, and vitamin A fortification about US$ 
0.20 per capita per year [1]. Therefore, food fortifica-
tion with all three of these nutrients could be achieved 
for about US$0.50 per person per year (in 2005).

However, the success of fortification programs 
depends on the food selected for fortification. The car-
rier selected for micronutrients has to be consumed by 
the vast majority of the target population, at a constant 
level every day, regardless of socioeconomic status, and 
have a low potential for excessive intake. Salt is a food 
ingredient that fulfills all of these conditions. Moreover, 
the salt iodization programs that are currently operat-
ing in about 110 countries have resulted in a significant 
decrease in iodine-deficiency disorders, proving the 
efficacy of salt as a food vehicle. Since the infrastructure 
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for salt iodization exists in many countries, adding iron 
and vitamin A together with iodine to the salt would be 
the most efficient solution to increase the population’s 
micronutrient intake. Moreover, the synergistic effects 
between iodine-deficiency disorders and iron-defi-
ciency anemia [5] and between iron-deficiency anemia 
and vitamin A deficiency [6] suggest that the best 
approach to eliminate these deficiencies is to simulta-
neously fortify salt with all three micronutrients.

Our experience with double-fortified salt [7, 8] 
showed that when iron is introduced along with iodine 
into the salt, the interaction between iodine and iron 
results in a loss of iodine. Moreover, the ferrous iron 
is oxidized to ferric iron, which is less bioavailable and 
has a rusty color. Alkaline conditions, oxidizing agents, 
high temperature, and high humidity accelerate these 
reactions. Stable double-fortified salt was obtained by 
granulating iron and iodine compounds with an inert 
binder and microencapsulating the resulting particles 
with a polymer or fat. The granulation step is neces-
sary to distribute the recommended daily dosage of 
iodine more evenly in the average daily consumption 
of 10 g of salt, and at the same time to increase the 
size of iodine and iron particles to that of salt crystals. 
The goal of encapsulation is to protect the nutrients 
in the core. By forming a physical barrier between the 
reactive components, microencapsulation improved 
iodine stability and eliminated problems related to the 
oxidation of iron.

Vitamin A is also a labile compound when exposed 
to high temperature, humidity, trace minerals, oxygen, 
or light.

Objective

The objective of this study was to test the use of 
microencapsulation for protecting commercially pro-
duced vitamin A formulations in salt in the presence 
of iodine and iron under expected conditions of salt 
production and distribution. We assessed the stability 
of vitamin A in triple-fortified salt prepared by using 
combinations of iron and iodine compounds, at three 
storage temperatures and humidities. The influence of 
three diluents, mannitol, lactose, and calcium sulfate 
dihydrate, on vitamin A stability in the presence of 
ferrous fumarate was determined. Two types of com-
mercially produced vitamin A palmitate products were 
tested: spray-dried vitamin A palmitate starch coated 
supplied by Watson Foods, West Haven, CT, USA, and 
vitamin A palmitate dissolved in oil provided by BASF 
Corporation, Mount Olive, NJ, USA.

Materials and methods

Materials

Noniodized salt was obtained from Cargill Foods, 
Minneapolis, MN, USA. Laboratory-grade potassium 
iodide and electrolytic iron were purchased from BDH 
Chemicals, Toronto, Canada; potassium iodate, ferric 
sodium ethylenediamine tetraacetic acid, (FeNaEDTA), 
i.e., ethylenediaminetetraacetic iron (III), sodium salt 
hydrate, and iron (II) D-gluconate dihydrate were 
obtained from Aldrich Chemical Company, Milwaukee, 
WI, USA; and ferrous sulfate heptahydrate and fer-
rous fumarate were purchased from Sigma Chemical 
Company, St. Louis, MO, USA. The vitamin A sources 
were commercially manufactured vitamin A palmi-
tate powder (250,000 IU/g) from Watson Foods and 
vitamin A palmitate oil from BASF Corporation. For 
vitamin A determination, vitamin A USP reference 
standard was purchased from USP Rockville, MD, USA; 
pyrogallol, isopropanol, and ethanol were obtained 
from Aldrich Chemical Company; hexane was supplied 
by EM Science, Gibbstown, NJ, USA; and potassium 
hydroxide was supplied by Caledon Laboratories, Geor-
getown, CA, USA. Hydroxypropyl methylcellulose was 
received from Dow Chemical Company, Toronto, and 
polyvinyl pyrrolidone was supplied by Sigma Chemical 
Company, St. Louis, MO, USA.

Soy stearine was supplied by CanAmera Foods, 
Toronto. The antioxidants butylated hydroxyanisole 
(BHA) and butylated hydroxytolouene (BHT), sup-
plied by Sigma Chemical Company, were incorporated 
into the soy stearine at a level of 0.02%.

Equipment

Granulation and encapsulation were performed in 
two rotating stainless-steel coating pans with diam-
eters of 26 cm and 13 cm respectively, each equipped 
with a variable-speed drive. Both the rotation speed of 
the pan and the pan inclination could be adjusted. A 
hand sprayer bottle of about 250 mL, purchased from 
Aldrich Chemical Company, was used for spraying the 
granulation solution and the encapsulant onto the par-
ticles from the pan. For particle separation, U.S. Tyler 
sieves and a Ro-Tap sieve shaker were used.

Premix preparation

Salt was double fortified with either potassium iodide 
or potassium iodate and one of the five iron com-
pounds, ferrous fumarate, ferrous sulfate heptahydrate, 
ferrous gluconate, electrolytic iron, or FeNaEDTA. The 
required daily iodine intake is provided by approxi-
mately 15 ppm in salt, but industrial practice in most 
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countries is to provide a significant excess, 100 ppm, 
for example, in North America, and 50 ppm in many 
developing countries. We chose 50 ppm as a conserva-
tive addition level, which also made the analysis more 
accurate. The methods selected for vitamin A introduc-
tion into salt were as follows:
» Creating a new particle by granulation and encapsu-

lation that contains vitamin A as active ingredient;
» Introducing vitamin A together with iron into one 

particle so that the influence of the iron compound 
on vitamin A stability can be observed;

» Introducing vitamin A together with iodine into one 
particle; thus, triple-fortified salt will contain two 
particles: one that combines iodine and vitamin A 
and the other that contains iodine;

» Incorporating all three nutrients into a single particle.
The filler and binder used in this segment of the 

experiments was dextrin from Aldrich Chemical 
Company. The nutrient and the binder were first well 
mixed in a jar, followed by agglomeration with water 
in the pan. After granulation and recovery of particles 
in the 300- to 800-µm size range, the granules were pan 
encapsulated with 40% soy stearine, a fully hydrogen-
ated vegetable fat. The resulting premixes were tested 
for iodine and vitamin A stability, where appropriate. 
Triple-fortified salt was prepared by adding the encap-
sulated ingredients to salt at a ratio of approximately 
1:150 to obtain target levels for the micronutrients in 
salt: vitamin A approximately 250 IU/g salt, iron 1,000 
ppm, and iodine 50 ppm. The list of formulations used 
in the final trials is presented in table 1.

Packaging and storage

Samples of about 100 g of triple-fortified salt were 
packed in Ziploc polyethylene bags. Samples of triple-
fortified salt were stored under three different condi-
tions: ambient temperature and humidity (~22°C, 

50%–70% relative humidity, light), high temperature 
and medium humidity (40°C and 60% relative humid-
ity, dark), and high temperature and high humidity 
(40°C and 100% relative humidity, dark). The envi-
ronmental chambers used did not allow us to control 
lighting. Because light contributes to vitamin A deg-
radation, the observed stability may be higher than 
in samples exposed to light. This problem could be 
prevented in the field by distributing salt in cardboard 
or using another light barrier, as it is in North America. 
Storage in the dark was not expected to greatly affect 
the conclusions of a preliminary study.

The samples were analyzed for vitamin A content 
immediately after mixing and after storage. We deliber-
ately used extreme conditions for testing the system to 
get a feel for the maximum loss that could be expected. 
We have published the results of field tests with double-
fortified and triple-fortified salt samples that were put 
through the commercial salt distribution system in 
Kenya. The results indicate that the assumptions made 
in this work regarding the expected temperatures and 
humidities are valid [9]. The sampling times were dic-
tated by our ability to complete analyses, and therefore 
samples were not pulled after exactly 30, 60, 90, and 120 
days, as would be ideal.

Infl uence of binders used for granulation on vitamin 
A retention

Vitamin A palmitate beadlets from Watson Foods were 
granulated with and without iodine with different 
binders: mannitol, lactose, and calcium sulfate dihy-
drate. Hydroxypropyl methylcellulose (HPMC) and 
polyvinyl pyrrolidone (PVP) were used to enhance 
the binding. The granulated particles were encapsu-
lated with approximately 40% soy stearine. The iron 
source used was microencapsulated ferrous fumarate 
prepared in pilot scale tests we performed at Glatt Air 

TABLE 1. Vitamin A retention (%) in triple-fortified salt where different fillers were used for granulation—vitamin A encap-
sulated separatelya

Time 
(days)

Vitamin A retention (%)

Vitamin A granulated 
with mannitol and HPMC

(I-1)

Vitamin A granulated 
with mannitol and PVP

(II-1)

Vitamin A granulated 
with lactose and HPMC

(III-1)

Vitamin A granulated 
with calcium sulfate 

dihydrate and HPMC
(IV-1)

0 100 100 100 100

23 57.5 33.6 26.6 75

37 56 21.7 19.4 50

68 11 5.6 3.8 17.6

90 8 3.2 1.09 4.3

HPMC, hydroxypropyl methylcellulose; PVP, polyvinyl pyrrolidone
a. Source of iron: ferrous fumarate from Glatt Air Technique; source of iodine: potassium iodide from coating place. All types of granulations 

were coated in soy stearine (40%).
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Techniques, Ramsey, NJ, USA. When vitamin A was 
granulated only with the binder without iodine, micro-
encapsulated potassium iodide prepared in pilot-scale 
tests we performed at Coating Place, Madison, WI, 
USA, was used as the source of iodine. The salt was 
triple fortified at the target levels. Samples of triple-
fortified salt were stored under conditions of high 
temperature and humidity. Samples were analyzed for 
vitamin A content immediately after mixing and four 
times during storage. Iodine content was determined 
once a month for a period of 3 months.

Vitamin A palmitate dissolved in oil

BASF Corporation supplied vitamin A palmitate oil 
stabilized with BHT (1.7 million IU/g), which is usually 
used for fortification of margarine and oils. Vitamin A 
palmitate dissolved in oil was introduced in the fat shell 
that protects the core containing potassium iodate and 
mannitol. The granules were coated with soy stearine 
in concentric layers: first a layer of soy stearine without 
vitamin A was applied, followed by another layer of 
soy stearine containing vitamin A, and finishing with 
another layer of soy stearine. Samples of triple-fortified 
salt made with the vitamin A and iodine premix and 
ferrous fumarate encapsulated at Glatt Air Techniques 
were stored at high humidity and temperature.

Analytical methods: Determination of vitamin A

Bags of salt were removed for analysis at three time 
intervals. The whole bag was subdivided with a two-
necked funnel after remixing, with one of the streams 
representing half of the sample always rejected. A 
fluorometric method was used for vitamin A deter-
mination [10, 11] The method depends on excitation 
of the sample at 330 nm and measurement of retinol 
fluorescence at 480 nm. The intensity of the fluorescent 
emission was measured with a Perkin-Elmer Lumi-

nescence Spectrometer, LS 50B. To avoid exposure of 
vitamin A to light, the actinic glassware used in deter-
mination was covered with aluminum foil.

Since preliminary tests indicated no loss of iron and 
only small losses of iodine, the results for these micro-
nutrients are not included in this article.

Results and discussion

Effects of iron and iodine compounds, temperature, 
and humidity on vitamin A stability

After 2 months of storage, the samples stored at ambi-
ent conditions and those stored at high temperature 
and moderate humidity were unchanged in color. All 
of the samples stored at high temperature and humid-
ity changed color except the combinations in which 
FeNaEDTA was the iron source. The presence of the 
premix or premixes did not affect the caking of the 
salt, and the physical state of the salt had no effect on 
vitamin A retention. Adding an antislaking agent could 
resolve a caking problem in the field, but this was out-
side the scope of this study in any case.

Vitamin A retention for all combinations is pre-
sented in table 2. In 22 of 27 combinations, vitamin A 
retention under ambient conditions was higher than 
vitamin A retention at 40°C and 60% relative humidity 
or 40°C and 100% relative humidity, despite exposure 
to light under ambient conditions.

When all nutrients were encapsulated separately, the 
losses of vitamin A at high temperature and 60% rela-
tive humidity were 20% to 53% higher than the losses 
under ambient conditions, except for the combinations 
in which ferrous sulfate was used. When the active 
ingredients were encapsulated separately, the losses of 
vitamin A at 40°C and 100% relative humidity were 
35% to 65% higher than under ambient conditions. 
This is not unexpected, since it is known from the 

TABLE 2. Vitamin A retention (%) in triple-fortified salt where different fillers were used for granulation—vitamin A encap-
sulated with KIO3

a

Time
(days)

Vitamin A retention (%)

Vitamin A and KIO3
granulated with mannitol 

and HPMC
(I-2)

Vitamin A and KIO3
granulated with 

mannitol and PVP
(II-2)

Vitamin A and KIO3
granulated with lactose 

and HPMC 
(III-2)

Vitamin A and KIO3
granulated with calcium 

sulfate dihydrate and 
HPMC
(IV-1)

0 100 100 100 100

17 61.8 61.9 26.5 64.8

38 37 27 11.6 53

65 7.65 5.9 0.6 12.7

91 1.4 0.69 0.3 3.26

KIO3, potassium iodate; HPMC, hydroxypropyl methylcellulose; PVP, polyvinyl pyrrolidone
a. Source of iron: ferrous fumarate from Glatt Air Technique. All types of granulations were coated in soy stearine (40%).
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literature [12] that the dominant degradation reaction 
for vitamin A ester is heat-induced formation of kitols, 
which follows a second-order rate law. The rate of reac-
tion increases significantly with temperature. Losses 
are significant (> 10%/month) even at 1°C in vitamin 
A acetate protected by a gelatin coat [13].

In combinations in which vitamin A was granulated 
with potassium iodate or potassium iodide, vitamin A 
retention was better than in cases where the nutrients 
were encapsulated separately. The best vitamin A reten-
tion at 40°C and 100% relative humidity, for all iron 
compounds, was obtained when vitamin A palmitate 
was granulated together with iodide. This is somewhat 
unexpected, since both potassium iodide and vitamin 
A are reducing agents susceptible to oxidation, whereas 
potassium iodate is an oxidizing agent. Dextrin might 
improve the stability of potassium iodide [14].

Halverson and Hendrick [15] reported that vitamin 
A loss was greater when trace minerals (MnSO4⋅H2O, 
FeSO4⋅7H2O, CuSO4⋅5H2O, and CoSO4⋅6H2O) were 
present. In a feed concentrate, a vitamin A loss of 5.7% 
occurred during 150 days of storage in the absence of 
minerals, whereas the loss was 34.4% in the presence 
of minerals. Other authors [12] suggested that the 
presence of minerals does not greatly affect vitamin A 
retention. They observed a vitamin A loss of 70% with-
out minerals and 64% with minerals after 16 weeks of 
storage. Clearly, metals in reactive forms would increase 
vitamin A degradation at a rate that depends on other 
conditions, such as moisture and temperature.

When vitamin A samples granulated with different 
iron compounds were stored at high temperature and 
humidity, the vitamin A retention was less than when 
vitamin A was granulated alone. Therefore, vitamin A 
is destabilized by iron present in the premix particle. 
Moreover, the most soluble types of iron, ferrous sul-
fate and ferrous fumarate, almost entirely destroyed 
the vitamin A. Vitamin A retention was higher in com-
binations in which more stable iron compounds were 
used, such as electrolytic iron, ferrous gluconate, or 
FeNaEDTA. The best vitamin A retention at high tem-
perature and humidity was obtained with FeNaEDTA. 
This can be explained by the fact that the EDTA group 
is a chelating agent that binds tightly to the iron.

When vitamin A was encapsulated together with 
iodine compounds, the best vitamin A retention was 
obtained in the presence of potassium iodate for all 
types of iron compounds and under all storage con-
ditions. When vitamin A was encapsulated together 
with iron compounds, the best vitamin A retention 
was obtained for FeNaEDTA, for both potassium 
iodide and potassium iodate under all storage condi-
tions. Consequently, commercially produced vitamin 
A palmitate was granulated together with potassium 
iodate and FeNaEDTA. and the granules were encap-
sulated with approximately 40% soy stearine. Salt 
was fortified with this premix and stored under three 

different conditions. After 136 days of storage under 
ambient conditions, vitamin A retention was about 
47%; at high temperature and 60% relative humidity, 
vitamin A retention was about 22%; and at 40°C and 
100% relative humidity, vitamin A retention was only 
about 10%. By using FeNaEDTA as the iron source and 
potassium iodate as the iodine source, triple-fortified 
salt with barely adequate stability can be made with a 
single-component premix.

The salt did not discolor. The disadvantages of 
FeNaEDTA are its low iron content (about 15.2%), 
and high price.

Infl uence of binders used for granulation on vitamin 
A retention

Most commercially produced vitamin A products are 
fine powders. To increase the bulk size of the nutrient 
to the size of salt crystals, a granulation step is required. 
Another reason for the granulation step is to dilute the 
nutrient so that it is uniformly distributed in 10 g of 
salt. The properties of the binder, which comes in close 
contact with vitamin A, may influence vitamin A stabil-
ity. Therefore, in selecting the binders, their abilities to 
retain water and their reactivity were considered. The 
first category of binders selected included mannitol and 
calcium sulfate dihydrate. These have a very low affin-
ity for water and are used especially in combinations 
where moisture may be a problem. The second category 
includes lactose. Lactose is hygroscopic but has good 
stability and does not interact with the other compo-
nents of the particle. It could be a suitable binder in 
particles that have adequate encapsulation. Figure 1
depicts vitamin A retention in triple-fortified salt when 
vitamin A was granulated alone using the binders men-
tioned above. Figure 2 presents vitamin A retention 
when vitamin A was granulated with potassium iodate, 
using the same binders as when encapsulated alone. 
Vitamin A degradation followed different degradation 
kinetics with each type of binder used in granulation. 
For the nonhygroscopic binders mannitol and calcium 
sulfate dihydrate, the destruction of vitamin A seems 
to be linear, whereas for lactose vitamin A destruction 
seems to follow a second-order rate law. Both mannitol 
and calcium sulfate dihydrate resulted in slightly higher 
vitamin A retention, and mannitol resulted in less salt 
discoloration.

Slightly less vitamin A was retained when it was 
granulated with potassium iodate than when it was 
granulated alone, but this difference was not statisti-
cally significant. An analysis of variance (ANOVA) 
with type of introduction of iodine, i.e., separate and 
together with vitamin A, and type of binder showed 
that the type of binder has a very significant effect on 
vitamin A retention (Pmax = 99.9%), and by compari-max = 99.9%), and by compari-max
son the way that iodine is introduced into the system 
does not affect vitamin A retention (Pmax< 75%).

I. Raileanu and L. L. Diosady
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Spray-dried versus oil-dissolved vitamin A palmitate

Vitamin A retention in triple-fortified salt when vita-
min A palmitate dissolved in oil was introduced into 
the fat shell that protected the potassium iodate–man-
nitol core was compared with vitamin A retention 
where vitamin A palmitate spray-dried was introduced 
into the core along with potassium iodate and manni-
tol. The vitamin A retention is presented in figure 3.

After 53 days of storage at 40°C and 100% relative 
humidity, the retention was 9.5% for vitamin A palmi-
tate oil and 12% for spray-dried vitamin A palmitate. 

The graph indicates that initially the vitamin A in the 
soy stearine degraded slower than the vitamin A in the 
core. Apparently the antioxidants (BHT+BHA) incor-
porated into soy stearine intercepted oxygen before it 
could react with the vitamin. After depletion of the 
antioxidant, the retinyl palmitate became vulnerable to 
oxidation. This explains why the vitamin A palmitate 
dissolved in oil degrades slowly at the beginning and 
more rapidly later. The fact that the vitamin A degraded 
more rapidly in the core than in the soy stearine is 
probably due to encapsulation imperfections. Water 
and trace minerals could get into the core through 

FIG. 2. Vitamin A retention (%) in triple-fortified salt where different fillers were used for granulation. Source of iron: fer-
rous fumarate from Glatt Air Technique. KIO3, potassium iodate; HPMC, hydroxypropyl methylcellulose; PVP, polyvinyl 
pyrrolidone; SS, soy stearine
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FIG. 1. Vitamin A retention (%) in triple-fortified salt where different fillers were used for granulation. Source of iron: ferrous 
fumarate from Glatt Air Technique; source of iodine: potassium iodide from Coating Place. KIO3, potassium iodate; HPMC, 
hydroxypropyl methylcellulose; PVP, polyvinyl pyrrolidone; SS, soy stearine
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the coat’s cratering and attack vitamin A in the core, 
destroying it more easily than the vitamin A incorpo-
rated in the fat.

While bioavailability was not addressed in this work, 
using a digestible fat for encapsulation should have 
no effect on the bioavailability of the micronutrients. 
During cooking the micronutrients will be released, 
and will behave exactly as the added components: 
some vitamin A loss will occur during food prepara-
tion. Quantitation of this effect is beyond the scope of 
this work.

Conclusions

Under ambient conditions and 2 months of storage, 
we obtained the following vitamin A retention: 95% 
for triple-fortified salt made by two premixes, vita-
min A palmitate +FeNaEDTA encapsulated together 
and potassium iodide (KI) encapsulated separately; 
and approximately 80% for vitamin A palmitate and 
potassium iodate (KIO3) encapsulated together and 
separately encapsulated FeNaEDTA. At high tempera-
ture and humidity, vitamin A was rapidly destroyed. 
The best vitamin A retention (approximately 60%) 
after 2 months of storage at 40°C and 100% relative 
humidity was obtained in salt fortified with vitamin 
A palmitate granulated with potassium iodate and 
dextrin and coated with soy stearine, with FeNaEDTA 
used as the iron source. Premixes containing all three 
micronutrients in a single particle were less stable than 
premixes made with iodine and vitamin A in one par-
ticle and iron in a separate particle. The types of iron 
and iodine compounds used for fortification had a 
significant influence on vitamin A retention. We found 
that potassium iodate and ferric NaEDTA formed the 
most stable triple-fortified salt in terms of vitamin A 
retention.

The type of binder influences vitamin A retention, 
but the ultimate role in vitamin A stability is played by 
the quality of the coating. Nonhygroscopic fillers such 
as mannitol and calcium sulfate dihydrate gave better 
vitamin A retention than lactose. Spray-dried vitamin 
A palmitate was more stable than vitamin A palmi-
tate dissolved in oil, but incorporating the vitamin A 
into the soy stearine provides reasonable vitamin A 
protection.

The best formulation retained 77.73 % of vitamin 
A after 2 months of storage at 40°C and 60% relative 
humidity. Considering that the time salt spends in dis-
tribution is typically 2 to 3 months, a substantial (9% 
to 50%) retention indicates that in an appropriately 
optimized system reasonable vitamin A retention of 
75% or more should be achievable. With process and 
product optimization, which are beyond the scope 
of this preliminary survey, we expect to achieve even 
higher retention, resulting in the need for a smaller 
overage in a realistic system. Although there have been 
great increases in the average quality of salt, the effect 
of salt impurities must be investigated further. On the 
basis of our experience with double-fortified salt, this 
is not expected to be an insurmountable hurdle.

Commercial processing will require simple solid 
mixing equipment in the typical salt plant and central 
processing of the premix. Although the cost of the 
encapsulation system itself is only 1 to 3 US cents per 
kilogram of salt, the added cost of the micronutrient 
will have a large impact on the cost of the salt, unless 
the salt is subsidized from savings of current or con-
templated supplementation methods.
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Abstract

Background. Iron-deficiency anemia is the most preva-
lent nutritional deficiency worldwide. Iron-deficiency 
anemia has particular negative consequences on women 
in their childbearing years, and its prevention is a high 
priority in most health systems.

Objective. This interventional study assessed the effect 
of nutrition education on hematologic indices, iron status, 
nutritional knowledge, and nutritional practices of high-
school girls in Iran.

Methods. Sixty healthy 16- to 18-year-old girls were 
randomly selected from two high schools in the city of 
Ahvaz and divided into two equally matched groups, one 
that received nutrition education, and one that did not. 
The education group received instruction in face-to-face 
sessions, group discussions, and pamphlets for 2 months. 
The control group did not receive any information during 
the study. Hematologic tests, corpuscular indices, and 
serum ferritin levels were measured at baseline and after 
2 months. Food-frequency questionnaires were adminis-
tered and histories taken, clinical signs of nutritional defi-
ciencies observed, anthropometric measurements taken, 
nutritional knowledge tested, practices determined, and 
lifestyle questionnaires administered to all subjects.

Results. There were no statistically significant dif-
ferences in any baseline characteristics between the two 
groups. Scores for nutritional knowledge and practices of 
the education group were significantly higher after two 
months compared with the baseline (31.4 ± 6 vs. 24.3 ± 
5.9 points, p < .001, and 31.2 ± 5 vs. 28.4 ± 5.7 points, 
p < .05, respectively). The scores in the control group 
showed no significant changes from baseline to 2 months. 
Mean corpuscular volume values were elevated in the 
education group (p education group (p education group ( < .001) but not in the control group. 

However, in the control group, serum ferritin concentra-
tions showed about a 17% drop at the end of the study 
(p(p( < .004). There were no changes in other hematologic, < .004). There were no changes in other hematologic, <
lifestyle, clinical, or anthropometric data compared with 
baseline after completion of the study in both groups.

Conclusion. These findings indicate that nutritional 
education can improve knowledge of healthy nutrition 
and lifestyle choices. Focused nutritional education using 
available resources and correcting current dietary habits 
in a vulnerable group of young women may result in die-
tary changes that can ultimately improve iron intake. 

Key words: Female students, hematologic indices, 
iron status, nutrition education

Introduction

Iron-deficiency anemia is a common nutritional prob-
lem worldwide, particularly for women of reproductive 
age in developing countries. In pregnant women, severe 
anemia increases the risk of maternal and fetal morbid-
ity and mortality, and the risk of premature delivery 
and low birthweight for the infant [1–5]. In adolescent 
girls, it can have an adverse effect on educational per-
formance, productivity, and well-being. Preventing iron 
deficiency and increasing iron stores in adolescent girls 
can improve their iron status in preparation for preg-
nancy and benefit their current health and well-being 
[6, 7]. There are reports indicating that improving iron 
bioavailability in diets may have a greater effect than 
increasing the total quantity of dietary iron consumed 
[8–10]. In some developing countries, when access to 
iron-rich foods and/or heme iron sources is limited, 
other strategies (e.g., properly aimed nutrition educa-
tion) are needed [9, 10].

In Iran, official reports show that the prevalence of 
iron deficiency is highest (39%) in 15- to 19-year-old 
girls [11]. The reports also indicate that the prevalence 
of anemia and iron-deficiency anemia in 15- to 49-
year-old women are 33.4% and 16.6%, respectively. 

Nutrition education alone improves dietary practices 
but not hematologic indices of adolescent girls in Iran
Nutrition education alone improves dietary practices 
but not hematologic indices of adolescent girls in Iran
Nutrition education alone improves dietary practices 
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There is much evidence supporting the use of iron 
supplements both daily and weekly for prevention 
and health strategies [1, 5, 12–14] in adolescent girls. 
However, limited data are available on the effects of 
nutrition education alone on the nutritional status of 
this vulnerable group in the region. Thus, this inter-
ventional study was undertaken to explore whether a 
focused nutrition education campaign could improve 
the nutritional practices, iron status, and hematologic 
indices of healthy adolescent girls.

Methods

Study protocol and subjects

This study was a pre-/post-comparison between inter-
vention and control groups conducted on 60 adolescent 
girls from two separate high schools (30 subjects from 
each) with similar demographic and socioeconomic 
characteristics. The high schools were located in the 
same district but located in different areas to prevent 
exchange of educational messages. The study was 
conducted in the winter of 2004 when all food groups 
were locally available. Sixty healthy 16- to 18-year-old 
girls were randomly selected from the class lists and 
their parents’ written consent obtained. The inclusion 
criteria were that the subjects had to be healthy, non-
anemic adolescent girls 16 to 18 years of age from the 
middle socioeconomic classes based on their family 
residency, number of rooms in the house, and parental 
characteristics, such as educational level and employ-
ment. Data on these variables were collected by basic 
socioeconomic questionnaires.

Girls were excluded who were ill or anemic, were 
taking iron or other nutritional supplements, or whose 
parents withheld permission. The education group 
received nutritional education on dietary sources of 
iron, iron availability, and the signs and consequences 
of iron deficiency and anemia via face-to-face group 
discussion sessions and simple pamphlets; the control 
group did not receive any nutritional education during 
the 2-month study period. The study groups had no 
contact with each other. Subjects were asked to follow 
their usual lifestyle patterns and were informed about 
the purpose of the study prior to the start. Fasting blood 
samples (5 mL) were taken from each subject pre- and 
postintervention. The study protocol was approved by 
the University Medical Ethics Committee.

Variables and questionnaires

Questionnaires were used to collect information on 
nutritional knowledge and practice. Anthropometric 
measurements, including weight, height, and body-
mass index (BMI) were taken, and information on 
sleep and exercise patterns and past medical history, 

including previous history of disease and medication 
use, was obtained through questionnaires. Semiquan-
titative food-frequency questionnaires (FFQs) were 
also completed. Subjects’ weights and heights were 
measured with a digital scale (Soehen, Germany) and 
a nonstretchable wall meter. The body-mass index was 
calculated as the weight in kilograms divided by the 
square of the height in meters. A general practitioner 
examined the girls for paleness and other signs of 
nutritional deficiencies. Medical histories, physical 
signs, and socioeconomic questionnaires were used to 
explore any differences between the study groups. Per-
cent body fat was measured by the bioelectrical imped-
ance analysis method with an Omron BF-302 apparatus 
(Matsusaka Co. Ltd., Japan). All of these values were 
recorded at baseline and at 2 months postintervention. 
The questionnaires had been validated by previous 
national epidemiologic studies on anemia prevalence 
conducted by the Ministry of Health in collaboration 
with the National Nutrition Institute in different parts 
of the country.

Data scoring

Data collected from FFQs were scored on the basis of 
the US Food Guide Pyramid [15] in which five main 
food groups received scores of 0 to 5 according to the 
frequency of their consumption. For example, in the 
case of vegetables, no consumption was scored as 0 
points and three to five servings per day was scored 
as 5 points.

Questions on students’ nutritional knowledge (food 
groups, nutrients, and anemia) and lifestyle patterns 
(diet, sleep, and exercise) were also scored. Both cat-
egories had 10 questions with options to be chosen, 
and 0 to 5 points were assigned to each option so that 
the maximum obtainable score was 50.

Laboratory measurements

Complete blood counts were performed, and corpus-
cular indices and serum ferritin levels were measured 
by a hematologic cell counter Sysmex K-1000 apparatus 
(TOA Medical Electronics Co. Ltd., Kobe, Japan) and 
the ELISA method (SPECTRA III, Orgentec Diagnos-
tika GmbH, Mainz, Germany) [16], respectively. The 
lower detection limit for ferritin was determined as 
5 ng/mL, and the intra- and interassay corpuscular 
volumes were 3.4 and 1.7 ng/mL, respectively. Hemato-
logic interpretation was based on WHO criteria [17].

Statistical analysis

Independent and paired t-tests were performed to 
explore any difference between baseline and pre- and 
postintervention findings, respectively, and the normal-
ity of the distribution of the variables was confirmed by 
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the Kolmogorov-Smirnov test. SPSS software, version 
11.5, was used for data analysis. The significance level 
for data was p < .05.

Results

Table 1 shows the baseline anthropometric indices 
for the two study groups; there are no significant 
differences between them. The mean score for nutri-
tional knowledge of the education group significantly 
increased after 2 months compared with baseline (31.4  
± 6 vs. 24.3 ± 5.9; p < .001), but there was no improve-
ment in the control group (table 2). Both groups 
showed no change in their lifestyle patterns during 
the study period (table 3). There was a significant 
increment in mean corpuscular volume (MCV) levels 
in the education group (p < .001), and at the same 
time, serum ferritin concentrations dropped about 
17% in the control group (p = .004; table 4). However, 
no significant changes were seen in hemoglobin and 
serum ferritin levels of the education group. Table 5
shows that food-frequency scores were elevated in the 
education group (p < .05) but the control group had 
a nonsignificant fall in its scores after the campaign 
(p < .1).

Discussion

Iron deficiency and anemia are among the most 
important remaining nutritional deficiencies and 
health problems of public health significance world-
wide, mainly in developing countries. Anemia impairs 
the cognitive development of children from infancy 
through adolescence by up to 5 to 10 intelligence quo-
tient (IQ) points, and this impairment is permanent 
[17, 18]. Up to 30% impairment of physical work 
capacity and performance is reported in anemic men 
and women, depending on the severity of their anemia 
[17–20]. Adolescent girls are especially susceptible to 
iron deficiency because of their poor dietary intake 
in conjunction with high iron requirements related 
to rapid growth and menstrual blood loss [10]. Even 
in the United States, up to 11% of adolescent girls are 
iron deficient [21].

This intervention resulted in a marked change 

in nutritional knowledge and scores of food-group 
consumption of adolescent girls participating in 
the educational campaign. Moreover, the mean cor-
puscular volume of the education group showed a 
significant postintervention improvement but it was 
within normal ranges. On the other hand, the control 
group had a fall in serum ferritin concentration after 
2 months. Both groups showed no significant changes 
in hemoglobin levels, which may be due to the short
duration and relatively small sample size of the study. 
Creed-Kanashiro et al., in their interventional study 
on 12- to 17.9-year-old old Peruvian girls, showed that 
after an educational campaign was implemented for 9 
months, total, absorbable, and heme iron intake sig-
nificantly increased in the education group. Moreover, 

TABLE 1. Baseline anthropometric indices of the two study 
groups (mean ± SD) a

Group Height (cm) Weight (kg) % body fat

Education 
(n = 30)

160.2 ± 5.5 54.3 ± 9.8 23.4 ± 5.3

Control 
(n = 30)

160.6 ± 6 57.2 ± 10 25.3 ± 4.5

a. There were no statistically significant differences in anthropomet-
ric measurements between the groups.

TABLE 2. Nutritional knowledge scores of the two study groups 
at baseline and after 2 months of education (mean ± SD)

Group Before After p

Education (n = 30) 24.3 ± 5.9 31.4 ± 6 < .001
Control (n = 30) 22.6 ± 10.2 23.3 ± 6.9 .3

TABLE 3. Lifestyle scores of the two study groups at baseline 
and after 2 months of education (mean ± SD)

Group Before After p

Education (n = 30) 20.6 ± 5.6 20.7 ± 6 .8

Control (n = 30) 21.5 ± 4.4 21.2 ± 4.9 .8

TABLE 4. Hematologic indices of the two study groups at baseline and after 2 months of education (mean ± SD)

Index

Education group (n = 30) Control group (n = 30)

Before After Before After

Hemoglobin (g/dL) 13.8 ± 0.9 13.5 ± 0.9 13.5 ± 0.7 13.4 ± 0.9
Mean corpuscular volume (fL) 82.6 ± 4.6 86.9 ± 4.9* 85.4 ± 6.4 85.9 ± 4.4
Serum ferritin (ng/ml) 18.5 ± 14.4 15.4 ± 8.3 17.8 ± 11.7 14.8 ± 9.1**

* p < .001 compared with baseline.
** p = .004 compared with baseline.

TABLE 5. Semiquantitative food-frequency scores of the two 
study groups at baseline and after 2 months of education 
(mean ± SD)

Group Before After p

Education (n = 30) 28.4 ± 5.7 31.2 ± 5 < .05
Control (n = 30) 31.2 ± 8 29 ± 6.5 < .1
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total daily ascorbic acid intake and nutritional knowl-
edge showed a significant improvement in the interven-
tion group [10]. In our study, the groups were similar 
in their socioeconomic, lifestyle, and anthropometric 
features. Furthermore, this study showed that dietary 
change to improve iron intake is possible in this sample 
of adolescent girls. A multidietary strategy using a fea-
sible educational program combined with identifying 
and promoting the best choices of iron-rich foods is 
required to increase consumption of animal sources 
of iron and vegetables with iron absorption enhancers 
such as vitamin C [8, 9]. These strategies are potentially 
applicable in our region, because rich sources of vita-
min C, such as vegetables and fresh fruits, are available 
throughout the year.

It was also observed that basic nutritional knowledge 
was inadequate in young girls, and our previous find-
ings have emphasized this lack [22]. Malhotra and Passi 
also showed that a large majority of Indian adolescent 
and young girls had inadequate knowledge of health 
and nutritional issues. They indicated that 93.4% of 
the subjects had inadequate iron intake and 93.2% 
of them were anemic [23]. Iron supplementation in 
16- to 20-year-old Indian college girls was associated 
with significant increases in body weight, body-mass 
index, mid-upper-arm circumference, and body fat 
[13]. Although there is much evidence supporting the 

use of iron supplementation in vulnerable groups, 
findings on the effects of nutrition education without 
supplementation and/or food fortification are lacking, 
especially in regions in which both iron-rich sources 
(e.g., pulses) and folate- and vitamin C-rich sources 
(e.g., fresh fruits and vegetables) are available.

In conclusion, although this research was a pilot 
study with a limited number of subjects conducted in 
a short period of time, the results were encouraging. 
We suggest that the education program and materials 
used captured the girls’ interest and stimulated their 
motivation to influence their health, nutrition, and 
diet. The potential of applying this experience through 
high schools and other organizations reaching young 
girls provides a feasible opportunity to attain the high-
priority health goals.
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It has been many years since the first demonstration 
that young children consuming equal amounts of 
protein at requirement levels from milk or maize with 
the opaque-2 gene had the same nitrogen retention [1]. 
The physical and agronomic characteristics of maize 
with the opaque-2 gene, renamed quality protein maize 
(QPM), have been steadily improved.

Further studies have confirmed that when protein 
and energy requirements are met, nitrogen retention 
is similar for QPM and milk, meat, and eggs [2]. This 
is because, unlike ordinary maize, which is deficient in 
the essential amino acids lysine and tryptophan, QPM 
has adequate proportions of both. QPM studies have 
been summarized in a National Academy of Science 
publication [3] and in two books [4, 5].

Even though the yields of QPM are as high as those 
of ordinary maize, and its use for feeding nonrumi-
nants decreases the need for protein concentrates 
such as oilseed or fish meal, QPM has been slow to be 
adopted. Its use for human consumption in popula-
tions that are highly dependent on maize protein has 
been particularly disappointing. This is due in part to 
resistance to change, but more to the decrease in inter-
est in protein quality beginning in the 1970s.

The change began with the meeting of the Food 
and Agriculture Organization/World Health Organi-
zation (FAO/WHO) Ad Hoc Committee on Energy 
and Protein Requirements in Rome in 1971 [6]. The 
lower level of protein this committee proposed as 
adequate for adults led to the conclusion that energy 
and not protein was limiting in the diets of developing 
countries. This nearly ended the QPM program at the 
International Maize and Wheat Improvement Center 
in Mexico (CIMMYT) [7]. On the basis of extensive 
new research, it was subsequently recognized that the 
1971 recommendation was erroneously low. The new 
value confirmed the pre-1971 conclusion that protein 
was inadequate in the predominantly cereal diets of 
most developing countries worldwide [8]. A 1985 
FAO/WHO/UNU expert group [9] recommended 
an increase of nearly one-third over the 1971 value. 

Unfortunately, the damage to the understanding of 
nutritionists and economists continues, and too often 
the importance of protein quality in the diets of devel-
oping-country populations is not recognized.

QPM is now being grown on an increasing scale 
in a few African and Latin American countries. The 
discovery of the opaque-2 gene and its incorporation 
into high-yielding maize varieties was an important 
achievement and occurred before the availability of 
modern genetic modification techniques that might 
have speeded the process. The developers of QPM, Dr. 
Evangelina Villegas and Dr. Surinder K. Vasal, received 
the World Food Prize for this achievement in 2000. 
QPM varieties can make a major contribution to the 
protein adequacy of maize diets wherever maize is the 
major dietary protein source for local populations.

A 13-page 2002 research report [10] on local infant 
feeding in Ghana is a valuable and practical demon-
stration of the value of QPM in the feeding of poorly 
nourished children in populations without the eco-
nomic resources to purchase milk and other animal 
protein sources to feed themselves and their children. 
It describes four studies that provide compelling evi-
dence for advocating the introduction of QPM. Where 
it is used in gruels for the complementary feeding of 
infants and young children, barley malt can be added 
to the maize flour. The malt provides an enzyme that 
liquefies the cereal gruel prepared from the maize so 
that the young children can consume enough to meet 
their protein needs.* 

Much greater efforts should be devoted to promot-
ing the production and use of QPM by populations 
dependent on maize as the staple in their own diets as 
well as their nonruminant animals.

* For further information on this report, contact A. Akua-
moa-Boateng, Regional Nutrition Officer, Ghana Health 
Service-Ashanti, P. O. Box 3248, Kumasi, Ghana.

Commentary
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Mysore Declaration: Capacity strengthening 
in nutrition

Editorial commentary

A group of more than 70 international nutrition sci-
entists and leaders met in 2006 for an international 
symposium to discuss current and emerging needs 
for capacity building in the field of public nutrition 
at the Central Food Technological Research Institute 
(CFTRI) in Mysore, India. Dr. V. Prakash, Director, 
CFTRI, was the organizing committee chair for this 
meeting. The presentations and discussions concluded 
with the group reviewing and approving the “Mysore 
Declaration: Capacity Strengthening in Nutrition,” 
which follows here.

The Mysore Declaration outlines major challenges 
and calls upon international and bilateral agencies, 
national governments, nongovernmental organiza-
tions, and the private sector to reposition nutrition 
as central to national development and increase the 
investments in nutrition at the global, national, and 
international levels to address the double burden of 
malnutrition with a single agenda.

All participants strongly supported the need to 
improve the capacity of developing country institu-
tions to overcome the many nutrition problems that 
are holding back social and economic development. 
However, there was much concern for the frequency 
with which some of the best trained and productive 
nutrition scientists are recruited by international agen-
cies and organizations and the private sector for posts 
outside their own countries. This often constrains 
national efforts at capacity building in nutrition and is 
disheartening to organizations attempting to provide 
high quality advanced training for developing-country 
nutrition scientists.

The Declaration urges that organizations, agencies, 
and companies recruiting in developing countries 
include policies that mitigate the depletion of the lim-
ited pool of trained national nutrition professionals. 
The Mysore Declaration urges that a national capacity 
development fund be set up by all stakeholders and 
dedicated specifically to developing and strengthen-
ing individual and institutional capacities in food and 

nutrition in developing countries. Recognizing that 
these agencies and private companies need compe-
tent people from developing countries, this may well 
provide an extremely helpful contribution to food 
and nutrition capacity building in these countries. An 
amount of 2% of program costs was suggested but 
considered too arbitrary to be incorporated in the final 
Declaration.

In its penultimate paragraphs, the Declaration urges 
all sectors of society, including UN organizations, bilat-
eral agencies, international NGOs, and other donor 
agencies, national governments, civil society, and the 
private sector, especially the food processing and food 
services industries, to work together to position nutri-
tion more centrally in terms of national development 
and increase related investments at all levels. All of these 
stakeholders will gain much from improved national 
capacity in food and nutrition. The Declaration also 
urges civil society to hold governments responsible at 
all levels for effective implementation of measures for 
capacity development in food and nutrition.

The Mysore Declaration should be widely circulated, 
taken to heart, and acted upon by all stakeholders in 
the improvement of food and nutrition capacity of 
developing countries. A plan of action proposed to 
accompany the Mysore Declaration is currently being 
prepared by a drafting group from organizations rep-
resented in the Symposium. It will be presented in a 
future issue of the Bulletin.    
           —Nevin S. Scrimshaw           —Nevin S. Scrimshaw           —
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We from Africa, Asia, Europe, and the Ameri-
cas, met as participants in a symposium, 
“Building Leadership Skills in Food and 

Nutrition Essential for National Development,” on 
23–25 June 2006, organized by the Central Food Tech-
nological Research Institute (CFTRI) at Mysore, India 
under the auspices of the United Nations University 
(UNU), Capacity Strengthening in Nutrition in Asia 
(CASNA), International Union of Nutritional Sciences 
(IUNS), International Nutrition Foundation (INF), 
Tufts University, and UNICEF, with support of the 
Government of India, declare as follows:

The nature of the present global food and nutrition 
problems.

We live in a world of great inequity in terms of access to 
food and existing nutrition conditions both within and 
among countries. This is not only morally unaccept-
able but also has enormous costs in terms of human 
lives, affecting social and economic development. In 
this world of plenty, more than 800 million people are 
undernourished and about 170 million infants and 
young children are underweight. More than five million 
children die each year as a result of under-nutrition. 
Furthermore, billions of people suffer from vitamin 
and mineral deficiencies, especially of iron, iodine, 
vitamin A, and zinc. Good nutrition is also constrained 
by inadequate safe drinking water and sanitation.

At the same time, obesity and other nutrition related 
chronic disease are becoming a serious problem, even 
in low income countries. More than one billion adults 
worldwide are overweight, of whom 300 million are 
obese. These issues are often rooted in poverty and co-
exist in communities, some in the same households. 
While under-nutrition kills in early life, it also leads to a 
high risk of chronic diseases and death later in life. This 
is the double burden of malnutrition, with common 
causes: inadequate fetal, infant, and young child nutri-
tion compounded by exposure to energy dense, nutri-
ent poor foods, and limited physical activity.

The greatest opportunity for effective interventions 
comes from pre-pregnancy to 24 months of a child’s 
age. Schools also provide a natural setting for effective 
interventions for older children and the promotion of 
adequate nutrition to future mothers. Malnutrition, 
in all its forms, amounts to an intolerable burden, 
not only on national health systems, but on the entire 
cultural, social and economic fabric of nations, and is 
the greatest impediment to the fulfillment of human 
potential.

Despite the impact of malnutrition in all its forms 
on mortality, morbidity, and national economies, only 
1.8% of the total resources for health-related develop-
ment assistance are allocated to nutrition activities. Of 
the World Bank’s total assistance to developing coun-
tries, only 0.7% is for nutrition and food security, and 

at country level, even less. Adequate food is a human 
right and good nutrition is essential to achieve the aims 
of the Millennium Declaration and the Millennium 
Development Goals. Collaboration among the health, 
agriculture and education sectors is particularly impor-
tant in capacity building. Without progress in address-
ing malnutrition, these goals will not be realized.

Building and strengthening capacity to address 
global food and nutrition problems is essential 
to a sustainable solution.

We have come together to place capacity strengthening 
and development to improve nutrition at the center of 
the solution to this global problem.

We urge UN organizations, bilateral agencies, 
international NGOs, and other donor agencies:

To act individually and together through the UN SCN 
to prioritize investments in the advanced training of 
human resource and institutional capacities required 
to prevent and control all forms of malnutrition 
throughout life. This will contribute substantially to the 
achievement of the Millennium Development Goals, 
preventing death and disability while promoting health 
and well being.

To include in their human resource recruitment, policies 
that mitigate the depletion of the limited pool of trained 
professionals. They are critical for sustaining national 
and regional actions in food and nutrition. A Nutrition 
Capacity Development Fund should be set up by all 
stakeholders and dedicated specifically to developing and 
strengthening individual and institutional capacities in 
food and nutrition.

This could be achieved by requiring that every project 
include two percent in its budget towards this fund. 
These resources could be disbursed with input of devel-
opment partners within a regional and sub regional 
context. If professionals are hired from a developing 
country, UN and other development agencies should 
compensate the fund for these costs. These resources 
will serve to train one or more replacements.

In addition, every project should have an inbuilt com-
ponent of capacity building that would be measurable at 
the end of the project.

We recommend that national governments:

Commit to establishing or strengthening institutions 
that can contribute effectively to the solution of food 
and nutrition problems through research, training 
and outreach programs. These institutions should be 
adequately funded and have policies that attract young 
leaders in this field, promote career development of 

 Mysore Declaration



269

staff, and support and encourage those who actively 
contribute.

Commit, in accordance with the UNU/IUNS model, 
to strengthening human resources capacities through 
a national system of advanced training to address food 
and nutrition problems. This encompasses especially 
training at all levels including the community, com-
munity leaders, program implementers, researchers/ 
teachers/ program planners and policy makers to the 
highest level. Each level will acquire new knowledge, 
skills, attitudes, and commitment in nutrition science, 
communications and advocacy, social marketing, 
industrial research and development, policy and plan-
ning. (add reference)

We propose networking with civil society, especially 
community based non-governmental organizations 
(NGOs) to:

Advocate for the building and strengthening of national 
and regional capacity to address food and nutrition 
problems in accordance with local needs.

Adopt policies that promote, support and sustain the 
capacities of individuals and institutions necessary to 
address food and nutrition problems.

Hold governments at all levels to be responsible for 
effective implementation with regard to capacity devel-
opment in food and nutrition.

We call on the private sector, especially the food 
processing industries and food services to:

Mitigate the depletion of the limited pool of trained 
professionals, critical for sustained national and 
regional actions in food and nutrition by participat-
ing in the proposed Nutrition Capacity Development 
Fund and contribute to its objectives by sharing infor-
mation, and research expertise for capacity building 
and education.

Support development of national and regional capaci-
ties to address food and nutrition problems, including 
responsible marketing practices and the development 
of healthier foods and beverages that will contribute to 
good nutrition throughout life.

We will work together to:

Reposition nutrition as central to national development.

Increase the investments in nutrition at global, national 
and local levels to address the double burden of mal-
nutrition with a single agenda.

We present at this meeting:

Pledge ourselves to all of the above and to continue 
to work together, as members of the UNU/IUNS/INF 
Regional Task Forces on Capacity Development in 
Nutrition in consultation with UN, international and 
bilateral agencies, national governments, private sector, 
NGOs, civil society and other constituencies.

Left to right: Professor M. S. Swaminathan, President of the 
M. S. Swaminathan Foundation; Dr. V. Prakash, Director of 
the Central Food Technology Research Institute (CFTRI) and 
organizer of the symposium; and Dr. Nevin S. Scrimshaw, the 
keynote speaker at the symposium. Both Dr. Swaminathan and 
Dr. Scrimshaw are former World Food Prize laureates.

Mysore Declaration
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Childhood obesity: Contemporary issues. Edited by 
N. Cameron, N. G. Norgan, and G. T. H. Ellison. CRC 
Press/Taylor & Francis Group, Boca Raton, Fla., USA, 
2005. (ISBN 0-8493-2857-8) 304 pages, hardcover. 
US$89.95.

The alarming rise in the prevalence of obesity and 
the increased morbidity and mortality from chronic 
disease is seriously damaging to the populations of the 
industrialized countries. Moreover, obesity is spreading 
to the more affluent segments of the populations of 
developing countries before they overcome undernu-
trition among their poor, so ultimately they must face 
a double burden of disease. Now there is a mounting 
realization that there is also a serious, rapidly growing 
epidemic of childhood obesity with adverse health 
consequences, especially diabetes, in evidence.

In the United States there is a massive effort, led by 
the Centers for Disease Control and Prevention, to 
combat the steadily worsening epidemic of childhood 
obesity. Attention is being given to the huge consump-
tion of sweetened, carbonated beverages and calorie-
dense snack foods. There is a growing movement to ban 
the sale of such foods in schools. Some European coun-
tries have begun their own programs, and the problem 
is appearing in many developing countries as well. It 
is useful to have a book on childhood obesity written 
almost entirely by British authors. It complements the 
accumulating U.S. literature on the implications and 
management of this health crisis.

The initial chapters consider the assessment and 
prevalence of the problem globally, the health conse-
quences of childhood obesity, social and self-percep-
tions of obesity, and the parental perspective. The six 
chapters of Part II deal with the relative roles of biologi-
cal and social processes in the etiology of childhood 
obesity. The final four chapters focus on prevention. 
The last section begins with a description of some 
innovative approaches in the United Kingdom that 
will be of interest to health workers in other countries. 
In the final chapter, the barriers to, and the facilitators 
of, healthy eating are subjected to a systematic review. 

It establishes, first, that the majority of food products 
advertised for children are high in sugar, fat and, salt; 
and second, that this promotional activity does affect 
what foods children prefer, buy, or ask their parents to 
buy. It concludes that “we cannot expect children to 
make healthy choices in an environment that promotes 
the opposite.” The book supports the conclusions of 
those who believe that the marketing of foods to chil-
dren must be changed and healthier foods be made 
available for them.

The book does have a serious weakness. It does not 
sufficiently emphasize other aspects of lifestyle beyond 
diet. The focus is almost entirely on food intake, with 
only one chapter that mentions the role of physical 
activity in any depth.

The impact of maternal nutrition on the offspring 
(Nestlé Nutrition Workshop Series). Edited by Gerard 
Hornstra, Ricardo Uauy, and Xiaoguang Yang. S. 
Karger, Basel, Switzerland, 2005. (ISBN 3-8055-7780-
X) 256 pages, hardcover. US$207.25.

There is no more heart-rending problem in human 
nutrition than the permanent damage done to the 
physical and mental development of children by mal-
nutrition in utero and in infancy.

Most common is the decrease in intelligent quo-
tient (IQ) associated with iodine deficiency that can 
be so easily prevented by iodized salt and a similar 
effect from iron deficiency in infancy. The maternal 
malnutrition that leads to low birthweight also has 
far-reaching consequences, because it leads to earlier 
and more severe iron deficiency, increases nutritionally 
caused stunting in the preschool child at an early age, 
and can also permanently impair physical and mental 
development.

Instead of focusing only on these well-known and 
well-documented effects of maternal malnutrition 
on the offspring, this report of a Nestlé Foundation 
Workshop held in Beijing in 2004 explores the topic 
in greater breadth and depth. Early chapters focus on 
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transgenerational effects, consequences of energy defi-
ciency in pregnancy, effects of nutrition on placental 
function, essential fatty acids during pregnancy and 
their long-term effects, and the effects of maternal mal-
nutrition on infections in later life. There is a chapter 
on nutrient-induced hyperinsulinemia and metabolic 
programming in pregnancy and a related chapter on 
size and body composition at birth and the risk of 
type 2 diabetes.

Two of the chapters deal with the relationship 
between obesity and adverse pregnancy outcomes and 
with the special problems of nutrition in the pregnancy 
of teenagers. A chapter on dietary interventions during 
pregnancy and allergic disease in the offspring is fol-
lowed by discussions of future challenges to nutrition 
and of pregnancy and lactation. The chapters are 
authored or coauthored by leading global authorities 
and are well referenced. This is an excellent supple-
ment to textbook descriptions of the immediate and 
long-term effects of malnutrition during pregnancy 
and lactation on the offspring.

Medicinal spices: A handbook of culinary herbs, 
spices, spice mixtures and their essential oils. By 
Eberhard Teuscher. CRC Press/Taylor & Francis Group, 
Boca Raton, Fla., USA, 2005. (ISBN 0-8493-1962-5) 
459 pages, hardcover. US$149.95.

The foreword notes that herbs and spices are among 
the most important anti-inflammatory, antioxidant, 
antiaging, and immune-boosting foods, with the capac-
ity to improve and even extend our lives. Medicinal 
Spices not only covers their culinary and medicinal 
potential, but also offers information on their cultiva-
tion, production, constituents, organoleptic character-
istics, and biological action, as well as their potential 
toxicity.

This is an English translation of a massive German 
compendium and is divided into two parts: a general 
section and individual monographs on 82 herbs and 
spices, each identified by a large color plate, plus a 
section on spice mixtures and other seasonings. The 
general section is filled with related information focus-
ing on the constituents, sensory effects, pharmacology, 
medicinal use, preservative qualities, and uses of herbs 
and spices. It even includes chapters on cultivation, 
breeding, contamination, culinary uses, and food and 
drug regulations.

A list is provided of 111 books and monographs, 
most of them in German, which are used as general 
references, in addition to the reference lists at the end 
of each chapter. Although not many readers are likely to 
own this large and attractive volume, it should be in the 
libraries of institutions that include herbs and spices in 
their educational and/or research activities.

Nutritional health: Strategies for disease prevention. 
2nd edition. Edited by Norman J. Temple, Ted Wilson, 
and David R. Jacobs, Jr. Humana Press, Totowa, N.J., 
USA, 2006. (ISBN 1-58829-454-4) 465 pages, hard-
cover. US$99.50.

This second edition of a valuable reference text is 
addressed to those who need up-to-date information 
on recent advances in human nutrition to apply to the 
development and implementation of nutrition-related 
health interventions. It is intended to complement 
more comprehensive texts by discussing recent think-
ing and discoveries that have the greatest capacity to 
improve human health and welfare. The 26 individu-
ally authored and extensively referenced chapters do 
this very well.

The list of topics covered includes the use of epidemi-
ology, the nutrition transition, diabetes, lipids, hyper-
tension, cardiovascular disease, cancer, phytochemicals, 
alcohol consumption, obesity, chronic disease in the 
elderly, global dietary guidelines, exercise and sports, 
novel foods, functional foods, and biotechnology to 
improve foods. Even the political influence of the food 
industry, population nutrition, health promotion, and 
government nutrition policies receive attention. The 
roles of nutritional anthropology and of the Internet 
have their own chapters.

It is hard to believe that as recently as 30 years ago 
few people were aware of the power of nutrition to 
influence such chronic diseases as cancer and heart 
disease, permanently affect the intelligence of chil-
dren, and alter the incidence and severity of acute 
and chronic infections. This book goes far beyond 
descriptions of nutrition issues and problems by focus-
ing on strategies for the prevention of a wide range of 
nutrition-related health problems. This gives it special 
value for anyone involved in the prevention of nutri-
tion-related disorders. Adequacy of the evidence and 
sources of bias receive attention throughout. It is much 
better as a textbook for courses in nutrition for future 
health professionals than one concentrated mainly on 
descriptions of nutritional problems.

Probiotic dairy products. Edited by A. Y. Tamime. 
Blackwell Publishers, Ames, Ia., USA, 2006. (ISBN 1-
4051-2124-6) 232 pages, hardcover. US$169.99.

The gastrointestinal tract and its extraordinarily com-
plex microbiota constitute a single organ. It is the 
most diverse and metabolically active organ in the 
human body. We are continually learning more about 
the capacity of food components to influence the gut 
in ways that are favorable or unfavorable for health. 
One result has been an explosion of interest in the 
potential health benefits of probiotics and prebiotics 
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in functional foods. This volume, authoritatively edited 
for the British Society of Dairy Technology, reviews the 
latest scientific developments with regard to aspects 
of fermented milk products and their ingredients. It 
arrives at the conclusion that probiotic functional foods 
can best be expected to reduce health-care costs and 
absenteeism from intestinal disease, as well as improv-
ing quality of life.

The first chapter reviews the multiple kinds of influ-
ence on gut flora and the microorganisms that have 
been found to have probiotic activity. The second 
chapter describes the genomic sequencing that has 

been completed for 13 organisms and is in progress 
for 28 more. Subsequent chapters describe progress in 
the production and viability of probiotic organisms in 
dairy products, current legislation affecting the control 
of probiotic products and prebiotic ingredients, and 
the development of starter cultures. The health claims 
being made for probiotics are discussed in detail and 
evaluated. Final chapters discuss the production of 
vitamins, exopolysaccharides, and bacteriocins by 
probiotic bacteria, as well as the future for probiotic 
dairy products. Each chapter is exceptionally well 
referenced.

Book reviews
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IAEA Nobel Peace Prize Fund Schools 
for Nutrition

The International Atomic Energy Agency (IAEA) 
Nobel Cancer and Nutrition Fund was created to use 
the Agency’s share of the 2005 Nobel Peace Prize for 
capacity-building in the priority areas of cancer and 
childhood nutrition. The aim for nutrition is to con-
tribute to capacity-building in member states through 
fellowship training in the use of stable isotope tech-
niques in the development and monitoring of nutri-
tion programs to combat malnutrition, particularly in 
infants and children.

The training will be directed at young professionals, 
especially women, from developing countries. In addi-
tion, five-day regional events, the IAEA Nobel Peace 
Prize Fund Schools for Nutrition, will be held in Africa, 
Asia and the Pacific, and Latin America. Participants 
will include policy makers and professionals with 
relevant backgrounds in nutrition. The theme of such 
events will be specific to each host region.

In Asia and the Pacific the theme will be “focus on 
interventions to combat undernutrition during early 
life,” aiming at developing effective nutrition interven-
tions for young women before they become pregnant 
as well as infants and young children during the first 
2 years of life. In Africa the theme will be “integrating 
nutrition into the management of HIV/AIDS,” address-
ing issues related to nutrition and HIV/AIDS during 
early life. In Latin America the theme will be “combat-
ing the double burden of malnutrition.” Changes in 
diet and lifestyle have resulted in increased obesity, 
which at the same time coexists with undernutrition.

The IAEA Nobel Peace Prize Fund Schools for Nutri-
tion are planned for October and November 2006. 
More detailed information about the exact dates and 
the venues will be available soon.

Nominations of candidates for fellowship train-
ing and participation in the IAEA Nobel Peace Prize 
Fund Schools for Nutrition may be submitted on the 
standard IAEA application forms (http://www-tc.iaea.

org/tcweb/participation/asfelloworvisitor/default.
asp for fellowship training and http://www-tc.iaea.
org/tcweb/participation/inmeetings/default.asp for 
the Schools, respectively), which should be sent to the 
IAEA through official channels.

For more information, please contact Lena Davids-
son at L.Davidsson@IAEA.ORG.

IFPRI Issue Brief No. 44: Gender and 
development: Bridging the gap between 
research and action

Practitioners may ask why they should address 
gender issues in development. Aside from the obvious 
answer—that gender equality is a basic human right 
and in that sense is integral to development—many 
disparities in development outcomes stem from gender 
differences. Although practitioners are often knowl-
edgeable about general development and technical 
issues, many lack the understanding and resources nec-
essary to effectively integrate gender issues into specific 
projects and public policy. Further, many practitioners 
are not convinced of the importance of gender issues, 
or they may find it difficult to navigate approaches in 
the context of development.

Gender considerations can affect the allocation, tar-
geting, and control of resources; hence, an understand-
ing of how resources are allocated within households 
can profoundly affect policies associated with the 
design and implementation of development projects. 
For specific projects, incorporating research findings 
can increase their effectiveness.

Recent research undertaken by the International 
Food Policy Research Institute (IFPRI) provides empir-
ical evidence on the effects of gender and intrahouse-
hold issues on development intervention outcomes, 
as well as specific guidance on how to incorporate 
research findings effectively into development projects 
and policy instruments. The challenge is to bridge 
the gap between research and action. It is vitally 
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important—regardless of whether gender issues are 
taken into account—that programs and policy instru-
ments be backed by rigorous research. A recently pub-
lished guide for practitioners, Food Security in Practice: 
Using Gender Research in Development, by Agnes R. 
Quisumbing and Bonnie McClafferty (March 2006), 
embodies the efforts of IFPRI researchers to maximize 
the relevance and accessibility of their findings to their 
audiences.

FAO/WHO Report on upper levels of 
intake for nutrients and related substances
FAO/WHO Report on upper levels of 
intake for nutrients and related substances
FAO/WHO Report on upper levels of 

A recent report from a joint Food and Agriculture 
Organization/World Health Organization (FAO/WHO) 
technical workshop lays out the scientific principles 
for establishing upper levels of intake for nutrients 
and related substances. The work was undertaken 
in response to the growing international interest in 
identifying such levels of intake. The report should 
assist those responsible for ensuring public health 
protection, given the increasing use of highly forti-
fied foods and supplements. The report is available 
in hardcopy and electronically at: http://www.who.
int/ipcs/methods/en/.

New FAO publications on nutrition in 
schools

The Food and Agriculture Organization (FAO) Nutri-
tion and Consumer Protection Division is pleased to 
announce its latest publications for assisting developing 
countries in the improvement of both nutrition and 
education through school-based interventions.

Nutrition education in primary schools—A planning 
guide for curriculum development (FAO, Rome, guide for curriculum development (FAO, Rome, guide for curriculum development
2005; 526 pages)

Efforts to protect and pro-
mote good nutrition need to 
be an integral part of every 
country’s fight to eliminate 
poverty, food insecurity, 
hunger, and malnutrition. 
Effective nutrition educa-
tion in schools can make 
an important contribution 
toward this goal.

The Food and Agricul-
ture Organization (FAO) 
has developed this inno-

vative material for governments and school systems 
wishing to establish nutrition education programs and 
curricula in primary schools with the aims of making 

education more relevant to children’s needs and of 
promoting lifelong healthy eating habits among current 
and future generations.

A basic concept that underlies the orientation of the 
Planning Guide is that nutrition education is much 
more that just what is taught in the classroom. Given 
that the physical, social, and educational environment 
of the entire school, along with the support and inter-
action between the school and local community, are 
also important for nutrition education, the Planning 
Guide advocates development of a tripartite cur-
riculum that capitalizes on the learning and support 
opportunities found within classrooms, schools, and 
communities.

The Planning Guide is a resource package consist-
ing of three main elements: The Reader is a book (240 
pages) that explains key concepts of nutrition educa-
tion and describes the process of developing tripartite 
curricula. The Reader refers to The Reader refers to The Reader The Activities, a set of 
worksheets (270 pages) that takes participants through 
the planning exercise. The Classroom Curriculum Chart
is a poster providing learning objectives for nutrition 
education at different ages in primary schools. Addi-
tional working materials offer helpful inputs and tools 
for the planning process.

The resource package is currently available in English 
only; a French version is under preparation and a Span-
ish translation will follow.

Setting up and running a school garden. A manual 
for teachers, parents and communities. (FAO, Rome, for teachers, parents and communities. (FAO, Rome, for teachers, parents and communities.
2005; 198 pages)

FAO has prepared this 
manual to assist school-
teachers, parents, and com-
munities who wish to start 
or improve a school garden 
with the aim of helping 
schoolchildren to grow in 
both mind and body.

Children’s health is 
the concern of the whole 
school and community. 
The classroom curriculum, 
extracurricular activities, 

the school establishment, and the school environment 
should reinforce each other and work together with 
the family and community to ensure that children can 
realize their basic rights to education and to adequate 
nutrition.

The School Garden manual works on all these 
fronts—growing food in the garden, learning about it 
in the classroom, involving the school meals service, 
and bringing in the family and community to support 
the program. This multifaceted approach is the best 
way to successful education for better nutrition and 
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learning. More than that, it may play a part in promot-
ing the health not only of the children but also of their 
families and of the natural environment.

In preparing this manual, FAO has drawn upon 
experiences and best practices derived from school 
garden initiatives all over the world. The manual takes 
the user through all the steps of planning a garden 
project: deciding what the garden is for, planning how 
to get help, learning how to prepare the site, organizing 
the work, and motivation. The appendices contain 
horticultural notes and fact sheets on nutrition.

Parts 3 to 10 of the manual have outlines of appro-
priate lessons to be done in class. These are aimed at 
children aged 9 to 14 years and supplement and sup-
port garden activities. They focus not only on knowl-
edge and skills, but also on awareness, life skills, and 
promotion of positive behaviors. Such “garden lessons” 
have enormous educational value and bridge theory 
and practice, reinforcing classroom learning with 
hands-on experience and observation, and vice versa.

Please contact the Director, Nutrition and Consumer 
Protection Division (AGN) for additional information 
or to order copies: nutrition@fao.org.

French and Spanish versions of FAO family nutrition 
guides

FAO is pleased to announce publication of two more 
language versions of its very successful Family Nutrition 
Guide that was initially published in English in 2004.Guide that was initially published in English in 2004.Guide

Guide de nutrition familiale (FAO, Rome 2005; 133Guide de nutrition familiale (FAO, Rome 2005; 133Guide de nutrition familiale
pages) is a French version of the original document. 
The Spanish version, Guía de nutrición de la familia
has also been adapted to the needs and the situation 
of countries in the Latin America region.

The Family Nutrition Guide is an essential nutrition Family Nutrition Guide is an essential nutrition Family Nutrition Guide
education resource written primarily for health work-
ers, nutritionists, agricultural extension workers, and 
other development workers who want to create more 
effective nutrition education and communication 
programs, materials, and training activities in their 
country.

In addition to a much-needed up-to-date com-

pendium of technical nutrition facts, the document 
provides guidance in the implementation of commu-
nity-based nutrition education interventions, as well as 
suggestions on how to share this information working 
with groups of people.

The specific format of the document makes it an 
easy-to-use model for effective national and local 
nutrition education training and communication 
materials. The document also allows for the easy prepa-
ration of target group-oriented nutrition fact sheets, 
radio features, visual support materials for health 
campaigns, etc.

An Arabic version is in preparation and a Swahili 
version is planned.

Please contact the Director, Nutrition and Consumer 
Protection Division (AGN) for additional information 
or to order copies: nutrition@fao.org.

FAO and WAGGGS youth education project: The 
Right to Food: A Window on the World

In June 2006, the Food and Agriculture Organization 
(FAO) launched a youth education initiative called 
“The Right to Food: A Window on the World.” Under-
taken in collaboration with the World Association of 
Girl Guides and Girl Scouts (WAGGGS), this world-
wide initiative aims to provide information and raise 
awareness among children and young people about the 
right to food, with the purpose of encouraging them to 
take action against hunger in the world.

A comic-book style publication, with eight different 
stories devoted to illustrating the right to food issues 
in eight selected countries (Brazil, Canada, India, 
Indonesia, Italy, Jordan, Sierra Leone, and Uganda), 
has been produced using language that presents the 
issues in a simple, understandable way in an attractive 
style that will capture the attention of young people. 
Unique features of the publication are the develop-
ment of the artwork by young people for young 
people through national drawing competitions, and 
the development of the stories through collaboration 
with country nationals working in food security and 
the right to food.

These materials will help young people to under-
stand that each individual has the right to adequate 
food and that government, consumer organizations, 
the private sector, communities, and families have an 
obligation to help protect, promote, and support that 
right. The book, available in six languages (Arabic, 
English, French, Italian, Portuguese, and Spanish) is 
accompanied by an activity and teaching guide for 
teachers and youth leaders.

Dissemination of these materials is being carried out 
through a number of channels, including the WAGGGS 
national member organizations in 144 countries, FAO 
country offices, National Alliances Against Hunger, and 
the Feeding Minds, Fighting Hunger global education 
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initiative. The materials may be downloaded from 
the Feeding Minds, Fighting Hunger website (www.
feedingminds.org); printed copies and a CD-ROM 
version are also available. For further information 
or to order copies, contact one of the above-men-
tioned offices or visit wagggs@wagggsworld.org or 
RTF-Youth@fao.org.

Micronutrient Forum

April 16–18, 2007. Micronutrient Forum. Conse-
quences and Control of Micronutrient Deficiencies: 
Science, Policy, and Programs—Defining the Issues. 
Istanbul, Turkey. For information contact: Micronu-
trient Forum Secretariat. Tel: 202-659-9024; Fax: 202-
659-3617; e-mail: mnforum@ilsi.org; website: www.
a2zproject.org.

Correction to Vol. 27, No. 1

UNU Food and Nutrition Program

Each year in its March issue, the Food and Nutrition 
Bulletin prints a list of organizations associated in 
various ways with the United Nations University’s 
Food and Nutrition Program, starting with the four 
coordinating institutions represented on its steering 
committee. Through an error in waiting for confirma-
tion of a change in Division Head, Cornell University 

was omitted entirely from the list of coordinating 
institutions. We regret the omission and indicate below 
the correct entry for Cornell University.

Coordinating Center
Division of Nutritional Sciences
317 Savage Hall
Cornell University, Ithaca, NY 14853-6301, USA
Tel: (607) 254-5144; Fax: (607) 254-1033
Program Director: Patrick J. Stover
E-mail: pjs13@cornell.edu
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