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Thirty years of a ban on the sale of noniodized salt:
Impact on iodine nutrition in children in Himachal

Pradesh, India

Umesh Kapil, Thakur Dutt Sharma, Preeti Singh, Sada Nand Dwivedi, and Supreet Kaur

Abstract

Background. A survey conducted by the central iodine-
deficiency disorders team in Himachal Pradesh, a state in
the goiter-endemic belt of India, revealed that 10 of its 12
districts have an endemic prevalence of goiter. The survey
was conducted to provide health program managers data
to determine whether it would be necessary to initiate
intervention meastures.

Objective. To assess the status of urinary iodine
excretion and household salt iodization levels after three
decades of a complete ban on the sale of noniodized salt
in this goiter-endemic state in India as measured by
assessment of urinary iodine excretion levels and iodine
content of salt at the household level.

Methods. The guidelines recommended by WHO/
UNICEF/ICCIDD for a rapid assessment of salt iodiza-
tion were adopted. In each of the 12 studied districts, all
senior secondary schools were enlisted and one school
was selected by using a random sampling procedure.
Two hundred fifty children 11 to 18 years of age were
included in the study. Urine samples were collected from
a minimum of 170 children and analyzed using the wet
digestion method. Salt samples were also collected from
a minimum of 170 children and analyzed using the spot
testing kit.

Results. All districts had a median urinary iodine
excretion level > 200 ug/L and 82% of the families were
consuming salt with an iodine content of 15 ppm or
higher.

Conclusions. The results of the present study high-
light the successful implementation of the salt iodization
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program in the state of Himachal Pradesh. This positive
impact may be due to the comprehensive strategy adopted
by the state government to improve the quality of salt,
development of an effective monitoring information
system and effective information, education, and com-
munication activities.

Key words: Todine deficiency disorders, salt iodiza-
tion, urinary iodine excretion, India

Introduction

Himachal Pradesh, a state in the northwest region of
India, is in the sub-Himalayan range. [odine deficiency
disorders (IDD) continue to cause adverse health con-
sequences that affect economic productivity and socio-
economic development of populations. It is estimated
that more than 200 million people live in IDD-endemic
areas in India. Surveys conducted in 34 states and 4
union territories (i.e., an area under direct control of
the central government of India) have revealed that out
of 312 districts surveyed, 254 are IDD-endemic [1].
Surveys conducted by the central IDD survey team
of the Directorate General of Health Services, Govern-
ment of India, have revealed that 10 out of 12 districts
in Himachal Pradesh have an endemic prevalence of
goiter—20.9% to 41.6% of the entire population [2].
A survey conducted in 1956 reported a prevalence
of goiter of 55% [3]. To ensure adequate availability
and use of iodized salt, the government of Himachal
Pradesh issued a ban on the sale of noniodized salt for
human consumption in 1962 [4]. In 1973, a follow-up
survey revealed that the salt iodization program had
reduced the goiter prevalence to between 8.5% and
9.1% in the different regions of the state [3]. In the
1990s, an action plan for the prevention and control of
IDD in the state was also introduced. It included state
and district-level training of functionaries in various
departments about the health consequences of IDD.
Intensive information, education, and communica-
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tion (IEC) material was provided by UNICEF to create
demand and supply for iodized salt. A monitoring
information system (MIS) was also developed to assess
the quality and quantity of salt at different points of
distribution and consumption. The present study was
conducted in 2003 to assess the population levels of
urinary iodine excretion (UIE) and levels of household
salt iodization under the current iodization program
after three decades of implementing a complete ban on
the sale of noniodized salt in the state. The goal was to
provide data on current iodine nutriture to the health
program managers to initiate interventional measures
required, if any.

Methods

The rapid survey was undertaken in 2003 in all 12
districts of Himachal Pradesh. The guidelines recom-
mended by WHO/UNICEF/ICCIDD (World Health
Organization/UNICEF/International Council for
Control of Iodine Deficiency Disorders) for a rapid
assessment of salt iodization in a district were adopted
[5]. The total population of Himachal Pradesh is
6,077,248; children 11 to 18 years of age account for
approximately 546,952 of the total number of resi-
dents. Assuming that 75% of the subjects would have
adequate iodine nutrition, defined as UIE levels > 100
pg/L, at a confidence interval of 95%, relative precision
of 15%, and with a design effect of 3, a sample size of
171 children was calculated for each district. The total
sample size for the entire study was 2052.

A two-stage sampling methodology was adopted.
In each district, all the blocks were enlisted and one

block was selected using purposive sampling to keep
the various constraints to data collection in mind
(e.g., operational feasibility, mode of communica-
tion, and accessibility). In the selected block, all the
senior secondary schools were enlisted and one school
was selected using random sampling with the help
of random number tables for the detailed study. Two
hundred fifty students between the ages of 11 and 18
were included in the study and were briefed about
the objectives of the study during at their morning
assembly. Children attending senior secondary schools
generally come from 20 to 25 villages within 10 to
15 km of the school, with about 8-10 children from
each village. We enrolled more students in the target
age group to ensure a sample yielding a wide range of
iodine content in the salt samples. The Ethical Com-
mittee of the All-India Institute of Medical Sciences,
New Delhi, approved this study. Written consent was
obtained from the parents of the children included in
the study.

A minimum of 170 children from each district were
requested to provide “on the spot” urine samples.
Plastic bottles with screw caps were used to collect the
urine samples, which were stored in a refrigerator at the
central laboratory, where a lab technician monitored
the samples for purity until they were analyzed. UIE
levels were analyzed using the wet digestion method
[6]. An internal reference sample with a concentration
range (£ 2 SD of the known value) of iodine content
was run with every batch of test samples. If the results
of the internal quality control sample were within
the range, then the test was deemed in control. If the
results were outside the range, then the whole batch
was repeated.

TABLE 1. Urinary iodine excretion levels in the study subjects by district (n = 2574)?

UIE level (ug/L)®
20.0-49.9 50.0-99.9
District n <20.0 (%) (%) (%) >100.0 (%)
Bilaspur 209 0(0) 0(0) 4(1.9) 205 (98.1)
Chamba 218 0 (0) 3 (1.4) 35 (15.9) 180 (81.8)
Hamirpur 238 0(0) 0(0) 5(2.1) 233 (97.9)
Kangra 225 0(0) 7 (3.1) 33 (14.7) 185 (82.2)
Kinnaur 215 0 (0) 1(0.5) 7 (3.3) 207 (96.2)
Kullu 208 0(0) 6(2.9) 22 (10.6) 180 (86.5)
Lahul & Spiti 211 0(0) 1(0.5) 3(1.4) 207 (98.1)
Mandi 214 0 (0.0) 0 (0.0) 4(1.9) 210 (98.1)
Shimla 187 4(2.1) 2 (1.1) 7 (3.7) 174 (93.0)
Sirmaur 220 2(0.9) 3(1.4) 35 (15.9) 180 (81.8)
Solan 223 0 (0) 3(1.3) 15 (6.7) 205 (91.9)
Una 206 0(0) 0(0) 2 (1.0) 204 (99.0)
Total 2,574 6(0.2) 26 (1.0) 172 (6.7) 2,370 (92.1)

a. Sample sizes in tables 1 and 2 are different because table 1 represents the UIE levels and table 2
the iodine content of salt samples collected. Attempts were made to collect at least 170 salt and
170 urine samples from each district, but the exact number could not be collected from each
district; hence, the difference in sample sizes in the tables and in text (2052).

b. Median UIE level for all districts > 200 pg/L.
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Children were also provided with autoseal polyeth-
ylene pouches with an identification slip. They were
asked to bring four teaspoons of salt (about 20 g) from
their family kitchen. A minimum of 170 salt samples
were collected from each district using uniform sam-
pling for subject selection and collection of salt sam-
ples. The iodine content of salt samples was analyzed
using the spot testing kit [7-9].

Results

Table 1 shows the distribution of UIE levels by district
in the sample children. We found that 0.2%, 1.0%,
6.7%, and 92.1% of the children had urinary excretion
levels of < 20.0,20.0-49.9, 50.0-99.9, and > 100.0 pg/L,
respectively. All districts had median UIE levels > 200
pg/L, indicating sufficient iodine nutriture in the popu-
lation studied. This finding was further substantiated
by the fact that in all the districts, more than 70% of the
families were consuming iodized salt with more than 15
parts per million (ppm) iodine, the standard acceptable
level for household consumption as mandated by the
Indian Ministry of Health.

A total of 2,553 salt samples were collected from
12 districts of Himachal Pradesh. The distribution of
iodine content of salt by district is shown in table 2.
Salt with no detectable iodine present was consumed
by only 3.3% of the study participants. About 82% of
the families were consuming salt with an iodine content
of 15 ppm or more.

Discussion

The present study was a rapid assessment of iodine
nutrition in Himachal Pradesh. According to WHO/
UNICEF/ICCIDD recommendations, a population in
whom the median UIE is 100 pg/L, defined as more
than 50% of the urine samples having UIE levels of
100 pg/L and more than 20% of the samples having
levels of 50 pg/L, does not have iodine deficiency. In the
present study, the median UIE was > 200 pg/L and only
1.2% of children had levels less than 50 pg/L. These
findings indicate that there was no biochemical defi-
ciency of iodine in the subjects studied. This evidence
of adequate iodine nutrition could possibly be due to
the continued efforts of ensuring a supply of iodized
salt to the population in the state. The ban on the sale
of noniodized salt is strictly enforced, and the quality
of salt transported by railway is vigilantly monitored by

TABLE 2. Iodine content of salt samples collected from study
participants (n = 2553)°

Iodine content (ppm)

District n Nil? (%) | <15 (%) >15 (%)
Bilaspur 207 | 2(1) 17(82) | 188(90.8)
Chamba 214 6(2.8) 54 (25.2) 154 (72)

Hamirpur 217 6(2.8) 40 (18.4) 171 (78.8)
Kangra 241 8(3.3) 22(9.1) 211 (87.6)
Kinnaur 203 0(0) 9 (4.4) 194 (95.6)
Kullu 214 9(4.2) 20 (9.3) 185 (86.4)
Lahul & 201 | 5(25) | 56(27.9) | 140 (69.7)

Spiti

Mandi 191 | 16(8.4) 24 (12.6) 151 (79.1)
Shimla 179 | 1(0.6) | 21(11.7) | 157 (87.7)
Sirmaur 193 | 19(9) 22 (11.4) 152 (78.8)
Solan 220 7 (3.2) 22 (10.0) 191 (86.8)
Una 245 | 6(24) | 64(26.1) | 175 (71.4)
Total 2,553 8(3.3) | 377 (14.8) |2091 (81.9)

a. Sample sizes in tables 1 and 2 are different because table 1 repre-
sents the UIE levels and table 2 the iodine content of salt samples
collected. Attempts were made to collect at least 170 salt and 170
urine samples from each district, but the exact number could not
be collected from each district; hence, the difference in sample sizes
in the tables and in text (2052).

b. No detectable iodine levels present.

the inspectors of the Salt Department of the Ministry
of Health before it is loaded on the train. Adequate
iodine nutriture has been reported by earlier studies
conducted in different districts of Himachal Pradesh,
with the median value of UIE at 150 pg/L (Kangra),
140 pg/L (Hamirpur), 195 pg/L (Kinnaur), and 150
pg/L (Solan) [10-13].

Only 3.3% of the salt samples had no detectable
levels of iodine, indicating that nearly all the samples
available to the study participants was iodized. Approx-
imately 82% of the families were consuming salt with
iodine content of 15 ppm or more. The National Family
Health Survey (NFHS-2) conducted in 1998-1999 also
revealed that almost 90.5% of the families in Himachal
Pradesh were consuming salt with the required level of
iodine [14]. Studies with larger sample sizes using the
30 cluster sampling methodology need to be conducted
for the entire state of Himachal Pradesh.

The results of the present study highlight adequate
iodine nutrition as measured by median UIE levels as
well as the availability of salt with adequate iodine con-
tent to the population in the state. This positive impact
may be due to the comprehensive strategy adopted by
the state government to improve the quality of salt,
development of an effective MIS system, and effective
IEC activities.
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Effect of fortification of drinking water with iron plus
ascorbic acid or with ascorbic acid alone on hemoglobin
values and anthropometric indicators in preschool
children in day-care centers in Southeast Brazil

Carlos Alberto Nogueira de Almeida, José Eduardo Dutra-de-Oliveira, Gerson Claudio
Crott, Alessandro Cantolini, Rubens Garcia Ricco, Luiz Antonio Del Ciampo,

and Marina Elisa Costa Baptista

Abstract

Background. Iron-deficiency anemia currently is the
most frequently occurring nutritional disorder world-
wide. Previous Brazilian studies have demonstrated that
drinking water fortified with iron and ascorbic acid is
an adequate vehicle for improving the iron supply for
children frequenting day-care centers.

Objective. The objective of this study was to clarify the
role of ascorbic acid as a vehicle for improving iron intake
in children in day-care centers in Brazil.

Methods. A six-month study was conducted on 150
children frequenting six day-care centers divided into
two groups of three day-care centers by drawing lots: the
iron-C group (3 day-care centers, n = 74), which used
water fortified with 10 mg elemental iron and 100 mg
ascorbic acid per liter, and the comparison group (3 day-
care centers, n = 76), which used water containing only
100 mg ascorbic acid per liter. Anthropometric measure-
ments and determinations of capillary hemoglobin were
performed at the beginning of the study and after six
months of intervention. The food offered at the day-care
centers was also analyzed.

Results. The food offered at the day-care center was
found to be deficient in ascorbic acid, poor in heme iron,
and adequate in non-heme iron. Supplementation with
fortified drinking water resulted in a decrease in the prev-
alence of anemia and an increase in mean hemoglobin
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levels associated with height gain in both groups.

Conclusions. Fortification of drinking water with iron
has previously demonstrated effectiveness in increasing
iron supplies. This simple strategy was confirmed in the
present study. The present study also demonstrated that
for populations receiving an abundant supply of non-
heme iron, it is possible to control anemia in a simple,
safe, and inexpensive manner by adding ascorbic acid to
drinking water.

Key words: Anemia, iron deficiency, drinking water,
ascorbic acid, growth, dietary supplements

Introduction

Iron-deficiency anemia (IDA) is currently the most
frequently occurring nutritional disorder worldwide,
affecting an estimated 3.5 billion people of all ages
to different extents [1]. Some countries, such as the
United States, have been able to reduce or minimize the
prevalence of anemia by means of different preventive
measures, among them food fortification [2]. In Brazil,
regional studies have shown that the prevalence of IDA
is substantially increasing, even among people of higher
socioeconomic status [3].

The urgent search for ways to prevent and control
IDA is justified by the adverse effects of this condition
on child development and by the increase in morbidity
and mortality induced by this disorder [4]. The current
trend is to adopt differentiated strategies based on the
age range to which the intervention is targeted and
according to the cultural characteristics of the popula-
tion [5]. Different foods have been fortified in devel-
oped countries for preschool children, including milk,
cereals, sugar, orange juice, and water [6—8]. Based on
studies published by Ferreira, Dutra-de-Oliveira, and
others, drinking water in Brazil has been considered
an appropriate vehicle for this purpose, especially in
institutions such as day-care centers and schools, where
it is possible to control fortification in a more effective

Food and Nutrition Bulletin, vol. 26, no. 3 © 2005, The United Nations University.
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and safe manner [9—-13]. These studies used ascorbic
acid mainly to keep iron in solution for a longer time,
thus preserving the organoleptic properties of water
[13]. The fact that ascorbic acid acts by facilitating the
absorption of both iron added to water and non-heme
iron from other ingested foods [14-17] has led investi-
gators to consider the possibility that the good results
obtained in other studies may be related not only to
iron, but also to ascorbic acid.

The objective of the present study was to compare
the efficacy of using drinking water fortified with
ascorbic acid alone or with iron plus ascorbic acid for
the control of iron deficiency in a population of pre-
school children in Southeast Brazil.

Methods

The study was conducted at six day-care centers in the
municipality of Monte Alto, a town of approximately
35,000 inhabitants located in Southeast Brazil at an
altitude of 735 meters. This town has a socioeconomic
and cultural profile characteristic of all towns located
in the interior of the country. The study consisted of
a program of drinking water fortification offered at
these six institutions. Children were evaluated at two
points designated as time zero (before the intervention)
and time one (after 6 months of intervention). All 335
children enrolled were initially considered for the study.
We then excluded children younger than 12 months
or older than 75 months, children who abandoned the
institution during the study period and children receiv-
ing any type of oral supplementation with iron or vita-
mins. We also excluded children who had hemoglobin
concentrations less than 7 g/dL at time zero; they were
referred for individual treatment.

The large number of children who abandoned the
institutions did so due to causes not related to our
study. This is a frequent practice in day-care cent-
ers in Brazil, which are primarily used to shelter the
children of working parents. When the parents are
unemployed or are on vacation, they usually remove
their children from the day-care centers. The working
team did not detect any case in which the abandon-
ment of the institutions was related to the interven-
tion. Thus, 150 children from the six day-care centers
investigated remained in the study and were divided
into two groups: iron-C group (3 day-care centers, 74
children) and a comparison group (3 day-care cent-
ers, 76 children). The day-care centers assigned to the
control and treatment groups were selected by drawing
lots using a random number table. The parents of each
child signed an authorization form to participate in the
study, which was approved by the Ethics Committee of
the University of Ribeirdo Preto.

Identical drinking fountains were provided for the
six day-care centers studied, consisting of a base with

a faucet and a 20-liter container. The fountains were
cleaned every morning by the employees of the institu-
tions and filled with filtered water. A premix prepared
at the pharmacy of the local city hall was added to each
container. The mix for the day-care centers of the iron-
C group consisted of 20 mL of filtered water containing
1000 mg FeSO,7H,O + 2000 mg ascorbic acid, which
provided water with 10 mg elemental iron and 100 mg
ascorbic acid per liter. The mix for the day-care cent-
ers of the comparison group consisted of 20 mL of
filtered water containing 2000 mg ascorbic acid, which
provided iron-free water containing 100 mg ascorbic
acid per liter. The flasks containing the premix were
identical for all day-care centers throughout the study.
Only the pharmacist responsible for preparing the
flasks and the investigators knew which day-care cent-
ers belonged to the iron-C group and which belonged
to the comparison group

The employees of the day-case centers were trained
to ensure that only the fortified water would be used. In
addition, any faucets that might be used by the children
as an alternative source of drinking water were sealed.
The employees, who did not know which premix the
flasks contained, started to use the fortified water for
their personal consumption and for food preparation.
Other than iron fortification of the water, no other
intervention was implemented at the day-care centers
that might influence iron nutritional status. The study
was of six months’ duration and took place from July
1, 2002 through December 31, 2002.

At time zero, immediately before the fortified water
was offered, the weight and height of each child were
measured according to internationally accepted stand-
ard techniques [18], and always by the same exam-
iner. The material used for data collection included
a pediatric scale with 10-g increments used to weigh
children who could not stand up unsupported, an
anthropometric scale with 100-g increments used to
weigh children who were able stand up unsupported,
a horizontal height-measuring instrument with 5-mm
increments manufactured in the workshop of the uni-
versity hospital of Ribeirdo Preto to measure the length
of children up to two years of age, a vertical height-
measuring instrument with 1-cm increments, also
manufactured in the workshop of the university hos-
pital to measure the height of children older than two
years. Repeat measurements were not used. Personal
data (date of birth and sex) were also obtained and
capillary hemoglobin measured from a blood sample
using the HemoCue apparatus previously calibrated
and checked after every 10 measurements [19]. Anemia
was defined as Hb < 11 mg/dL. The weight-for-age
z score, weight-for-height z score, and height-for-age
z score were calculated with the aid of the Epi-Info 3.2
software according to the National Center for Health
Statistics standards [20]. During the six months of
the study, the children were clinically monitored on a
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daily basis in order to detect any possible occurrence of
problems due to the use of fortified water or of diseases
that might interfere with the results. After six months
(at time one) the children’s anthropometric measure-
ments and blood samples were again taken.

The children’s diet was analyzed by considering the
standard menu offered by the city to all day-care cent-
ers. The menu consisted of four meals (breakfast, lunch,
snack, and dinner) prepared in a kitchen that supplied
the meals for all day-care centers. Despite small daily
variations due to the seasonal nature of some of the
foods offered, for calculation purposes we considered
the most frequent menu, i.e., rice, beans, meat, and
vegetables and derived a mean intake of approximately
1,430 calories per child per day. Nutritional informa-
tion on ingredients and products was provided by a
local nutritionist.

The experimental data concerning the continuous
quantitative variables are reported as means = SD.
After testing the normality of the distribution of the
experimental errors around the mean by the one-
sample Kolmogorov-Smirnov test, Student’s ¢-test for
paired samples was used to compare the hemoglobin
levels and anthropometric indicators for each experi-
mental group at the beginning and end of the study.
Possible differences between the experimental groups

were determined by Student’s t-test for independent
samples with the Welch correction. Proportions were
compared by the chi-square test with Yates correction.
The level of significance was set at p < .05 in all analy-
ses. The GraphPad Instat software (version 3.01, 32 bit
for Win95/NT, GraphPad Software Inc., San Diego, CA,
USA) and the Microcal Origin software (version 6.0,
Microcal Inc., Northampton, Mass, USA) were used
to analyze the data.

Results

The amount of water consumed was monitored at all
day-care centers and corresponded to 534 + 152 mL
per day for the comparison group and 526 £ 159 mL
per day for the intervention group, with no significant
difference between groups (p = .89). There was no sta-
tistically significant difference between the iron-C and
comparison groups regarding the proportion of boys
(58% and 56%, respectively) and girls (42% and 44%,
respectively; p = .92). Mean values for age, hemoglobin,
and z scores for weight-for-age, height-for-age, and
weight-for-height of the children examined at time
zero are shown in table 1. At time zero, the groups were
similar in terms of age (p = .47), hemoglobin levels (p

TABLE 1. Hemoglobin concentration and anthropometric indicators for study subjects at time zero

and time one (n = 150)

Comparison (ascorbic acid
Iron-C group (n = 74) only) group (n =76)
Paired Paired Between-

Variables Mean + SD t-test p Mean *+ SD t-test p group p
Age at time zero (m) 40.66 + 18.54 — 42.66 +15.22 — A7b
Hb (g/dL)

Time zero 10.98 +1.66 11.13+1.28 .53t

Time one 11.54 £ 1.35 11.95+1.22 .0547

Difference® 0.56 = 1.68 .005 0.82+1.56 <.0001 .34
WAZ

Time zero —0.34+1.43 —0.01+0.91 .09?

Time one —0.30 + 1.46 0.17 +1.04 020

Difference 0.04 £0.61 .62 0.18 £0.42 .0004 .10°
HAZ

Time zero -0.36+1.16 0.12+0.89 .005"

Time one -0.13+1.21 0.36 £ 0.99 .008?

Difference 0.23+0.35 <.0001 0.24+0.46 <.0001 .89b
WHZ

Time zero —-0.02+1.26 —0.04+1.03 .89?

Time one —0.22+1.35 0.03+0.97 19°

Difference —-0.20+0.73 .02 0.07 +0.52 20 .008"

Hb, hemoglobin; WAZ, weight-for-age z score; HAZ, height-for-age z score; WHZ, weight-for-height z score
a. Mean change between the beginning and the end of the study.
b. Unpaired t-test with Welch correction.
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=.53), weight-for-age z score (p = .09) and weight-for
height z score (p = .89) but the height of children in
the iron-C group was lower than that of children in
the comparison group (p = .005). The prevalence of
anemia (hemoglobin < 11 mg/dL) at time zero was
45.9% for the iron-C group and 31.6% for the com-
parison group.

After the six months of intervention, there was a
significant and similar increase in hemoglobin levels in
both groups. Weight-for-age z score was significantly
increased only for the comparison group (p =.0004),
causing the occurrence of a difference between groups
at time one. A significant and similar height gain was
observed in both groups, with persistence of the dif-
ference observed at time zero. There was a significant
reduction in the weight-for-height z score only for the
iron-C group, but this reduction was not sufficient
to create a statistically significant difference between
groups at time one.

At time one, the prevalence of anemia had been
reduced to 31.1% in the iron-C group and to 17.1%
in the comparison group. Analysis of the children’s
diet, summarized in table 2, showed that the total iron
supply (11.5 mg) was adequate according to dietary
reference intakes (DRI) [21], although only 2.25 mg
(19.5%) consisted of heme iron. The diet offered
11.86 mg ascorbic acid, corresponding to only 27.9%
of the DRI. Dalily clinical observation at the day-care
centers showed no side effects or intolerance of the
intervention.

Discussion

In a previous study by our group [13], water forti-
fied with 10 mg iron and 100 mg ascorbic acid per
liter proved to be efficient in increasing the hemo-
globin concentration in children. In that study, the
mean hemoglobin value (g/dL) fell from 11.3 + 1.3 to
10.9 £ 1.2 for the group that received unfortified water,
and increased from 10.9+1.1to 11.7 £ 1.1 (p <.01) for
the group that received fortified water. However, there
were doubts about the role of ascorbic acid in those
results because the comparison groups in that study
received only unfortified water. The results obtained
in the previous study might have been due to the sum
of the increased iron and ascorbic acid ingestion, since
the role of ascorbic acid as a facilitator of non-heme
iron absorption is well recognized [14-17].

It is also possible that a population receiving a sat-
isfactory supply of non-heme iron may benefit from a
supply of adequate amounts of ascorbic acid in their
usual diet or from fortified foods. In the population
studied here, this situation did not occur at the begin-
ning of the study because the content of ascorbic acid
in the diet was low (table 2).

The design of the intervention used in the present
study permitted us to precisely evaluate the role of
ascorbic acid as a vehicle for improving iron intake in
children because one of the groups received only ascor-
bic acid while receiving its usual diet, which was rich in
non-heme iron. This intervention could be compared
with that of the comparison group, which received a

TABLE 2. Analysis of energy, iron, and ascorbic acid content of food provided at day-care centers

in the study

Energy value Heme iron Non-heme | Ascorbic acid

Food (kcal) (mg) iron (mg) (mg)
Breakfast

Milk (250 g) 124 0 0.13 2.38

Chocolate powder (15 g) 79 0 0.21 0

Bread (50 g) 145 0 0.35 0

Margarine (7.5 g) 54 0 0 0.01
Lunch

Rice (290 g) 316 0 2.61 0

Beans (60 g) 70 0 1.63 0

Carrots (13 g) 5.9 0 0.08 0.3

Meat (30 g) 58.3 1.13 0 0

Lettuce (36 g) 6.5 0 0.5 6.48
Snack

Sweet rice (300 g) 374 0 2.63 0
Supper

Minestrone soup (300 g) 204 1.12 1.12 2.7
Total 1,436.7 2.25 9.26 11.86
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combination of iron and ascorbic acid.

The results showed a significant and similar increase
in hemoglobin in both groups, with a tendency toward
a greater increase in the comparison group. Thus, we
conclude that the addition of iron to the water con-
taining ascorbic acid did not influence the increase
in hemoglobin values observed in the two groups. A
limitation of our study is that although the results
suggest that the change in hemoglobin is similar, or
even better, for those in the ascorbic acid only group
compared with the combination iron and ascorbic
acid group, the absence of a real control group (i.e., no
fortification at all) make it unclear whether the change
in hemoglobin levels seen in the ascorbic acid only
group would have occurred in the absence of any water
fortification. The only conclusion we can make from
the evidence in this study is that the addition of iron to
water fortified with ascorbic acid made no difference
in the hemoglobin levels of study subjects over the six
months of observation.

When these results are analyzed with evaluation of
the diet provided at the day-care centers (table 2), it
may be that in this population, the simple stimula-
tion of non-heme iron absorption was sufficient to
promote an increase in mean hemoglobin values and
a fall in the prevalence of IDA. The total dietary intake
of iron could be estimated at 11.51 mg/child/day on
average. Although the total iron supply was adequate
according to the DRI, only 19.5% consisted of heme
iron. Unfortunately, the design of this study does not
permit us to discuss whether ascorbic acid has an effect
only when dietary iron—heme or non-heme—reaches
a certain threshold, because we did not calculate the
individual iron intakes. With the use of ascorbic acid,
the program becomes less expensive, there are no risks
of iron intoxication, and the organoleptic properties of
the water are preserved.

In studies conducted in a rural area of Mexico,
Garcia et al. [22] and Diaz et al. [23] did not observe
an increase in hemoglobin values when they offered
lemonade containing 25 mg of ascorbic acid twice a
day to women with iron deficiency. Even though they
observed an increase in iron absorption, women were
still considered to have iron deficiency because of the
low ferritin values observed. The women’s diets were
poor in heme iron and rich in non-heme iron and
phytates. In addition to the difference in age range
studied by Garcia et al. [22], an important difference
in the present study is the fact that the children had low
hemoglobin levels at time zero. The women, however,
had low ferritin values but satisfactory hemoglobin
concentrations. The currently accepted model regard-
ing IDA proposes that recovery from iron deficiency
starts with an increase in hemoglobin values, so that
children with overt anemia must show more avidity
for iron absorption in the intestinal cells [24]. This fact
may explain the differences among the results obtained.

Indeed, many studies conducted in the 1970s and 1980s
had already demonstrated the possibility of improving
iron nutriture by adding sources of ascorbic acid such
as fruit [14], fruit juices [14, 17], fortified drinks [15],
and vegetables [16] to the usual diet. However, the
advantage of the present study was the use of drinking
water as a vehicle. Since all children consume water, full
coverage of the population is guaranteed.

Regarding anthropometry, the comparison group
showed an increase in both weight and height, with
a consequent lack of change in the weight-for-height
z score indicator between time zero and time one. In
contrast, the iron-C group showed only an increase
in height z scores, with a consequent fall in weight-
for-height z score at time one. The increase in height,
observed in both groups, may be considered an expected
event when iron nutriture is improved in populations
with iron deficiency, since iron is a fundamental ele-
ment for cell multiplication [25] and the expression of
the genetic potential may be limited in the presence of
iron deficiency [26]. Most studies have demonstrated
this tendency [27-32], although no consensus has been
reached. Other investigators have obtained different
results, including maintenance [8, 33—35] or even a
reduction in the height-for-age z score [36]. The study
by Majumdar et al. [32] showed that children with
IDA showed an increase in height when they received
therapeutic iron supplementation, in contrast to chil-
dren with adequate iron status, who actually showed a
reduction in the same measurement.

With improved hemoglobin concentration, appetite
recovery is expected to occur along with increased food
ingestion and increased weight-for-height z score [29].
In the present study, this effect was observed only in the
comparison group, possibly because children in this
group were not exposed to iron. There may have been
an accompanying reduction of the potential interfer-
ence of fortified water with the normal eating processes
of the children and with the absorption of the ingested
nutrients. In contrast, the children in the iron-C group
may have experienced some degree of gastroduodenal
discomfort, changes in palatability, or a metallic taste
in the mouth, which, although not reported, may have
led to decreased food ingestion. The studies published
thus far about foods fortified with iron have reported
increased [31-33, 37], maintained [8, 33, 34, 38], or
reduced [36] weight-for-height z score. The physical
growth of a child is a complex process that involves not
only dietary factors but also social and psychological
factors. It is difficult to control for all of these variables,
which almost always leads to conflicting results among
studies. In addition, the way iron is offered in each
study may also be different, a fact that must influence
the results obtained by each investigator. In the present
study, we believe that the increase in z scores, especially
for the height-for-age z score—which is less prone to
acute variations—is indeed relevant since the vehicle
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for fortification was water, which is habitually ingested
by all children. Thus, fortification of drinking water
may be considered the most likely intervention capable
of explaining the response observed.

The indiscriminate use of iron salts associated with
ascorbic acid is currently being questioned because
of the potential increase in oxidative stress leading to
ulcerations of the gastrointestinal tract in healthy indi-
viduals [39]. This fact has led to an intensified effort in
properly selecting the populations that are candidates
to receive foods fortified with these two nutrients. On
the other hand, there is no doubt about the urgent
need to look for efficient and locally adaptable ways of
increasing the iron supply for populations with an ele-
vated prevalence of IDA. In this group, access to foods
rich in heme iron, mainly meat, is almost always dif-
ficult due to the high costs involved. Providing iron via
drinking water is a simple strategy whose efficacy has
been previously demonstrated [9-13] and confirmed in
the present study, and is mainly indicated for popula-
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Nutrient addition to corn masa flour: Effect on corn

flour stability, nutrient loss,

fortified corn tortillas

and acceptability of
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Abstract

Background. Iron, zinc, and vitamin B complex are
among the most prevalent nutritional deficiencies in
Mexico, with iron deficiency being the leading cause of
anemia. Mexico has the highest per capita consumption
of corn in the world, consumed mainly as tortilla. Thus,
corn flour for making tortillas has been suggested as an
effective strategy to overcome malnutrition in developing
countries such as Mexico where corn is a staple food. The
stability of micronutrients added to food is an important
factor for the success of fortification programs.

Objective. The aim of this study was to evaluate the
stability of corn flour fortified with micronutrients, and
to measure the effect of micronutrient fortification on the
sensory quality and stability of the fortificants in fresh
and stored tortilla.

Methods. A commercially homogenized nonforti-
fied corn flour (NCFC) produced from degermed white
corn was fortified with a premix containing iron, zinc,
thiamin, and riboflavin. Changes in thiamin, riboflavin,
iron, and zinc content in fortified corn flour (FCF) and
nonfortified corn flour (NFCF) during storage were
investigated. Vitamin B, and B, content was determined
by fluorescence spectroscopy while iron and zinc content
was analyzed by atomic absorption.

Results. Thiamin content in FCF and NFCF showed
a significant (p <.05) decrease (24% and 37%, respec-
tively) after 90 days of storage. Riboflavin losses of 18%
and 22% were observed for FCF and NFCE, respectively.
FECF retained over 90% of iron, while zinc content
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remained constant. Losses of thiamin (27 to 39%) and
riboflavin (37%) were produced during the process to
convert corn masa flour into tortillas.

Conclusions. Storage time slightly affected the stabil-
ity of riboflavin and thiamin in FCF while the cooking
process produced considerable losses of both vitamins.
Tortillas made from FCF were well accepted by Mexican
adults. We conclude that the addition of vitamins and
minerals in the forms and quantities used in this study do
not modify the shelf-life of corn flour, and neither do they
cause sensorial changes in tortillas made from FCEF.

Key words: Corn flour, micronutrient fortifica-
tion, micronutrient stability, corn-tortillas, sensorial
stability

Introduction

Mineral and vitamin deficiency resulting from inad-
equate diets affect nearly two thirds of the world’s
population. The consequences of such deficiencies
are sometimes not clinically evident, however they
are important in the ability of individuals to func-
tion. Vitamin and mineral deficiencies may manifest
themselves in delay of growth, a greater susceptibility
to illnesses, and decreases in the cognitive capacity
[1]. Iron, vitamin A, and iodine have gained the most
attention, but deficiencies of other micronutrients are
also relevant.

Interventions with micronutrient supplementation
demonstrate the existence of such deficiencies and
their functional consequences. A multiple micronu-
trient supplementation trial in Mexican infants that
included vitamin B, B, iron and zinc increased their
rate of growth [2]. A similar study with iron and zinc
supplementation promoted motor and developmen-
tal exploratory behavior among Bangladeshi infants
[3]. In 1993, Venezuela started fortifying pre-cooked
yellow and white corn flour, as well as wheat flour,
with vitamins B, and B,, niacin and iron; a subsequent
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survey of 397 Venezuelan children showed a reduction
in iron deficiency and prevalence of anemia [4]. In a
prospective, double-blind randomized, controlled trial,
Zlotkin et al. [5] found that anemic infants from rural
Ghana receiving combined daily iron and zinc supple-
mentation in the form of sprinkles showed concurrent
improvement in iron and zinc status compared with
anemic infants receiving iron sprinkles alone.

Currently, the most widely used strategies for reduc-
ing micronutrient deficiencies are supplementation,
food diversification, and food fortification [6]. Food
fortification is the most cost-effective intervention
for reducing micronutrient malnutrition [7]. The
process involves increasing the nutrient content of
the food product through restoration or addition of
micronutrients that have been lost or are normally
absent. Effective fortification programs require foods
that are commonly consumed by the target population
in relatively constant amounts. In most industrialized
countries, many cereal and grain products are fortified
with micronutrients, and this practice has been intro-
duced in some developing countries, as well. Poleti et
al. [8] recently reviewed the progress in the field during
last two years.

Corn flour can be considered in fortification pro-
grams because it is staple food in many parts of the
world. Mexico has the highest per capita consumption
of corn in the world, consumed mainly as tortillas. Tor-
tillas are prepared by cooking lime-treated flour mixed
with water, thus introducing possible losses of the
added micronutrients through leaching. Considering
that marginal micronutrient deficiency is widespread
in Mexico, the Ministry of Health has promoted a pro-
gram to add micronutrients to corn flour. The stability
of the food itself and the micronutrients added to the
food are important factors in predicting the success of
a fortification program.

In this study we evaluated the stability of some
vitamins and minerals added to corn flour and stored
at room temperature for a 3-months period, losses
of the added micronutrients during preparation of
tortillas, and the acceptability of tortillas made with
fortified flour.

Materials and methods

A commercially homogenized nonfortified corn flour
(NFCF) produced from degermed white corn provided
by MINSA (MINSA de Mexico S.A. de C.V.) was used
for the study. The micronutrient mixture source con-
sisted of a dry powder comprising vitamin B, (thiamine
mononitrate), vitamin B, (riboflavin hydrochloride),
zinc (zinc oxide) and iron (elemental reduced iron),
and was supplied by Roche (Roche Vitamins Inc.,
Parsippany, NJ, USA). The composition of the premix
was iron 30 mg/kg; zinc 30 mg/kg; thiamin 8 mg/kg;

and riboflavin 4 mg/kg.

Fortified corn flour was prepared as follows: 10 kg
of corn flour was added to 0.15 kg of micronutrient
mixture. The micronutrient mixture was added to corn
flour to yield enriched flour conforming to the required
standard [9]. To obtain a good distribution of the vita-
min and mineral premix, this was blended first as a 1:4
w/w (weight/weight ratio) mixture premix with a por-
tion of the corn flour and this blend was then added to
the corn flour for a required final concentration. This
process was carried out in a mixer at the pilot plant.
Mixing time was the time it took to achieve completely
homogeneous micronutrient concentration in the
flour. To test homogeneity, samples of the flour from
different sections of the mixer were taken at different
times and assayed for zinc concentration. Homogene-
ous flour was achieved when zinc concentration was
the same in the different sections of the mixer.

Paper bags of a type used in Mexico for storing corn
flour were filled with 500 g (the normal packaging size)
of fortified corn flour (FCF) as well as nonfortified corn
flour (NFCF) and were manually sealed. Samples of
FCF and NFCF (28 bags per each mixture) were stored
for 3 months—the maximum shelf life of commercial
corn flour products in Mexico—at a temperature of
22 £ 2°C and 39 % 2% relative humidity. Four bags
from each sample were removed from storage every
15 days (included time zero), and aliquots taken from
each sample were analyzed for moisture content, water
activity, peroxide index, vitamin B, and B, content, iron
and zinc content, and microbiologic analysis. Another
aliquot from the four bags at each time point (0, 15, 30,
45, 60, 75, and 90 days) was used to prepare tortillas.
Sensory evaluation and analysis of vitamin B,, B,, iron
and zinc was performed in order to determine the effect
of flour storage and cooking process on micronutrient
content and acceptability of corn tortilla.

Tortilla preparation

Fortified tortillas (FT) were prepared from each sample
of FCF; those prepared from NFCF are nonfortified
tortillas (NFT). Tortillas were prepared by first mixing
the corn flour (700 g) and enough water (1200 mL) to
provide masa (dough) with a moisture content around
45 percent. Masa was flattened into thin disks of 12.5
cm diameter and 1.2 mm thickness (30 g) using a com-
mercial tortilla roller machine. The tortillas were baked
for a total of 80 seconds as follows: 20 seconds on one
side, 45 seconds on the other side, and 15 seconds on
the first side on a griddle heated to 250 £ 15°C.

Analytical methods

Moisture content was determined by drying samples
(1.5 g) at 110°C until their weight became constant
[10]. Water activity (Aw) was determined using a
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Novasina DAL-20 Aw center (Novasina AG, Pfiffikon,
Switzerland). Total iron and zinc were analyzed as
follows: 15 mL of a 3:2:1 mixture of concentrated
nitric, perchloric, and sulfuric acids, respectively, were
combined with 5 g of the sample in a digestion tube.
Tubes were heated for 45 minutes at 90°C, then for 40
minutes at 170°C and finally at 300°C for 40 minutes
or until 2 or 3 mL remained at the tube bottom. The
tubes were allowed to cool and the contents brought
to 100 mL with 1 N nitric acid. Analysis of iron and
zinc were performed using a Perkin-Elmer model 2380
atomic absorption spectrophotometer (Perkin-Elmer
Co., Norwalk, Conn, USA) with an air-acetylene flame.
Vitamin B, was determined according to the fluoro-
metric thiochrome method [11]. The spectrofluorom-
eter was operated with the excitation wavelength set at
365 nm and the fluorescent wavelength at 417 nm. Vita-
min B, was determined according to the fluorometric
method [11]. Excitation and emission wavelength was
set at 450 and 525 nm, respectively. Peroxide value (PV)
of each sample was determined using the American Oil
Chemists Society official method [12]. Five grams of
each sample were placed into a 250 mL flask. 30 mL of
acetic acid-chloroform (3:2, V/V) reagent was added,
and the flask was shaken vigorously for 1 minute. One
half mL of saturated potassium iodide was added to the
flask, mixed for 1 minute and 30 mL of deionized water
added and mixed again for 1 minute. After incubating
the flask for 5 minutes, 10 mL of the upper aqueous
solution from each flask was dispensed into a 16 mm
% 120 mm borosilicate glass assay tube. The procedure
continued with the addition of 0.5 mL 1% starch
indicator and mixing for 5 seconds. The absorbance of
samples was immediately measured at 563 nm.

Microbiology assays

Ten-gram samples were taken from the corn flour
using aseptic techniques. They were placed in sterile
Stomacher bags (Fisher Scientific, Pittsburgh, Pa, USA)
with 90 mL of 0.1% peptone water (Fisher Scientific),
and blended in a Stomacher (Tekmar, Cincinnati, Ohio,
USA) for 2 minutes to achieve an initial 10~ suspen-
sion. Specific volumes of 107! and further dilutions of
the test sample were surface inoculated on the plate
count agar (Difco Laboratory, Detroit, Mich, USA),
then incubated at 32°C for 24 hours and enumerated
for total plate count. Samples were also pour-plated in
potato dextrose agar (Difco Laboratory), then incu-
bated at 25° C for 24 hours and enumerated for yeast
and molds. Counts were reported as colony-forming
units per gram (CFUs/g) of the sample [13].

Sensory testing

A panel of 30 “tasters” was used for the evaluation.
Panelists represented a corn tortilla—eating population,

which is the target population for fortified tortillas.
Ethical approval was obtained from the institutional
review board of the Instituto Nacional de Ciencias
M¢édicas y Nutricion, Salvadore Zubiran. Many of these
tasters were employees of the Institute and they pro-
vided their informed and signed consent on an Institu-
tional Review Board approved form. Three 30-minute
sessions were scheduled with all tasters participating.
Panelists tested and rated the two types of tortillas
made from FCF and NFCF; the order of presentation
was randomized across subjects to avoid position
effects. Panelists were given one tortilla at a time to
taste. Each panelist evaluated all products presented
in a session and scored the degree of liking (DOL) for
flavor, color, and odor using a 7-point hedonic scale
(from 1 = disliked extremely to 7 = liked extremely)
[14]. Distilled water (22°C) was provided between
samples for cleansing the palate. Evaluations were made
in individual sensory booths under controlled envi-
ronmental conditions (22°C, incandescent lighting).
Data analysis was performed using statistical analysis
software (SAS for Windows, v 7.0z). Paired t-tests were
performed on hedonic ratings to determine differences
in DOL of flavor, odor, and color between FT and
NFT tortillas. Comparisons were made at the p < .05
significance level.

Results and discussion

Physicochemical and microbiological characteristics
of FCF

Moisture content

Initial moisture content was 13% (& 0.70%) for FCF
and 12.9% (+ 0.55%) for NFCF and remained con-
stant during storage. The combination of moisture
content, temperature, and time determine the storage
risk of cereal products. Carrillo-Pérez et al. [15] and
Serna-Saldivar et al. [16] have indicated that the main
factor affecting shelf life of corn products is moisture
content. High moisture content will expose the flour to
insect attack, mold, and bacteria. Cereal products with
13.5% moisture content or less can be stored without
damage.

Water activity

Initial water activity value (Aw) obtained for NFCF
and FCF was 0.506 and 0.548, respectively. Aw values
obtained for NFCF and FCF are in agreement with
those reported for grain flours ranging from 0.450
to 0.600 [17]. There were no changes in Aw of both
formulations during storage (data not shown). The
stability of water-soluble vitamins in foods has been
shown to be strongly influenced by water activity. In the
absence of oxidizing lipids, water-soluble vitamins gen-
erally exhibited little degradation even at Aw less than
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0.2-0.3 [18]; thus, the probability that vitamin losses
took place in our products during storage is unlikely.

Because water activity and moisture content are
strongly influenced by storage conditions such as rela-
tive humidity and temperature, the correct selection of
packing materials is an important factor to consider.
However, the use of sophisticated containers could
have a great impact in the cost of a fortified product,
making it less accessible for fortification programs in
developing countries.

Lipid oxidation

The storage stability of corn flour after micronutrient
fortification did not show lipid oxidation (measured
as peroxide index) even after 90 days’ storage at 22°C;
the same results were found with NFCF. This can be
attributed to the low content of polyunsaturated fatty
acids (PUFAs) in corn flour, which is produced from
degermed corn, thus eliminating the main source of
PUFAs. Development of oxidative rancidity, which
results from lipid oxidation, is a critical factor affect-
ing storage stability of iron-fortified foods, including
corn and corn products [19]. In whole corn, PUFAs
account for 60% of the total fatty acids [20], which
makes these products prone to the development of
rancid off-flavors [21].

Microbial analysis

The total plate counts for the FCF and NFCF at day 0
were 8.7 x 10*and 12 x 10* CFU/g, respectively, while
no mold or yeasts were detected in the initial samples.
Total plate count did not show any significant changes
and no molds or yeasts were detected over 90 days of
storage, indicating that the product was microbiologi-
cally stable during storage. This is mainly due to the low
values of Aw and the moisture content of the corn flour
during storage. Deteriorative microorganisms generally
grow well between Aw values 0.995-0.980 and most
microbes cease growth at Aw < 0.900.

Micronutrient stability of FCF and NFCF during
storage

The content of thiamin and riboflavin in the FCF was
1.1 mg/100 g and 0.6 mg/100 g, respectively, almost
three times as much as that in the NFCF—0.3 mg/100
gand 0.25 mg/100 g, respectively. The addition of these
vitamins to the NFCF and FCF is in agreement with
the recommended levels for the addition of these vita-
mins to corn flour in Mexico [9]. The recommended
levels are 0.6 mg/100 g of thiamin as thiamin mononi-
trate and 0.3 mg/100 g of riboflavin as riboflavin
hydrochloride.

Figure 1 shows the changes for thiamin in FCF and
NFCF during storage at room temperature (22°C).
Thiamin content in FCF did not show any significant
change within the first 15 days of storage, but a sig-

nificant decrease of 13% was observed in NFCF during
this period (p < .05). When storage was prolonged to
90 days, decreases in thiamin content of 24% for FCF
and 35% for NFCF were observed, corresponding to a
final content of 0.83 mg/100 g and 0.19 mg/100 g for
FCF and NFCE respectively. Thiamin is one of the most
unstable B vitamins and baking, pasteurization, stor-
age, or boiling can reduce its content by up to 50% [18].
The loss of vitamin B, occurred not only in FCF but
also in NFCF, where losses after 90 days of storage were
relatively higher than in FCE These findings suggest
a higher stability of mononitrate and hydrochloride
forms of synthetic thiamin than the naturally occurring
form, thiamin pyrophosphate, which has been previ-
ously documented by Gregory [18].

Vitamin B, (riboflavin) losses of 10% were observed
in both samples within the first 30 days of storage at
22°C (fig. 2). After 90 days of storage, loss of vitamin
B, in both samples was very similar, reaching values of
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FIG. 1. Relative thiamin content in fortified (FCF) and non-
fortified corn flour (NFCF) during 90 days of storage
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FIG. 2. Relative riboflavin content in fortified (FCF) and non-
fortified corn flour (NFCF) during 90 days of storage
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18% for FCF and 22% for NFCE. The final content of
riboflavin at the end of the storage period in FCF and
NEFCF was 0.49 mg/100 g and 0.19 mg/100 g, respec-
tively. Riboflavin was more stable than thiamin during
storage of corn flour. Some studies have shown that
storage of various types of food at room temperature
and even under refrigeration can cause a loss of B-
complex vitamins [22, 23]. Frias and Vidal-Valverde
[24] reported that thiamin content in an enteral feeding
formula suffered a drastic reduction within the first
three months of storage at room temperature. Rubin
et al. [25] showed that yellow corn flour retained about
95% of vitamins B, and B, after 6 months of storage at
room temperature. The amount of vitamins lost during
storage of corn masa flour should be considered for its
fortification. One possibility is that fortification be car-
ried out with an excess of vitamins added to the flour.

The iron content in FCF and NFCF was 4.5 mg/100 g
and 2.8 mg/100 g respectively; while the zinc content
was 2.0 mg/100 g for NFCF and 4.1 mg/100 g for FCF
(table 1). The recommended fortification levels are 3.0
mg/100 g of iron as extra-fine reduced iron and 2.0
mg/100 g of zinc as zinc oxide [9].

In general, minerals are more resistant to storage
deterioration than vitamins. The stability of iron and
zinc in fortified corn flour stored at room temperature
was good. Our results showed that FCF retained more
than 95% (4.25 mg/100 g) of iron after 90 days of
storage at room temperature (table 1). NFCF lost 32%
of iron during the same period (p < .05). Elemental
reduced iron used for fortification in this study is
insoluble in water and poorly soluble in diluted acid
solutions. Because of their low reactivity and higher
stability, these compounds are used to fortify cereals

TABLE 1. Mean (+ SD) iron and zinc content of fortified corn
flour (FCF) and nonfortified corn flour (NFCF) at zero days
and after 45 and 90 days of storage (mg/100 g of dry flour)*

Iron Zinc

FCF

0 days 4.50 + 0.065 4.10 + 0.049°

45 days 4.40 % 0.070° 4.20 % 0.080°

90 days 4.25 % 0.050° 4.10 % 0.063°
NFCF

0 days 2.80 + 0.039° 2.00 * 0.046°

45 days 1.80 + 0.060" 1.90 + 0.055¢

90 days 1.90 + 0.075" 2.00 + 0.038°

* Means in both columns for each formulation that are not followed
by the same letter are significantly different (p <.05).

and flours in combination with vitamins B, B,, B, and
niacin [26]. In contrast, iron in NFCF was more sus-
ceptible to losses, suggesting that the organic form of
iron in the cereal is less stable. Zinc content remained
constant during the storage period in both samples
(FCF and NFCF) (table 1). Zinc oxide was used as the
source of supplementary zinc in corn flour. It is the
cheapest and most stable source and has been widely
used for fortification of wheat flour [27]. Because of its
lower cost and higher stability, zinc oxide is used about
10 times more than any other zinc compound by food
manufacturers in the United States [28].

Effect of corn flour storage and cooking process on
micronutrient content of tortilla

Moisture content increased to 22.5% (+ 1.0%) in FT and
25% (+ 1.2%) in NFT; the micronutrient content was
corrected by humidity, as shown in table 2 (mg/100 g of

TABLE 2. Mean (+ SD) micronutrient content of tortillas made from fortified corn flour
and nonfortified corn flour stored for different times (mg/100 g of dry tortilla)*

Time of flour

storage Iron Zinc B, B,

FT
0 days 4.2 +0.28¢ 3.6 £0.394 0.81 £ 0.039% 0.41 +0.017%
15 days 3.7 £0.294 3.1 +0.42¢ 0.59 +0.023% 0.32 £ 0.030°
30 days 3.7 £0.32¢ 3.1+0.38¢ 0.59 + 0. 28" 0.30 + 0.022°
45 days 3.6 +0.334 3.5+ 0.264 0.60 £ 0.033% 0.32 +0.023%
60 days 3.6 £ 0.39¢ 3.6 +0.32¢ 0.59 + 0.028° 0.33 +0.031%
75 days 3.7 £ 0.30° 3.5+ 0.25¢ 0.49 + 0.0320 0.33 +0.010%
90 days 3.7 £0.294 3.7 £0.294 0.51 £ 0.027° 0.31 +0.012¢

NFT
0 days 2.8 +0.30° 2.0 £ 0.30¢ 0.21 + 0.005% 0.22 +0.0024
15 days 2.3+0.17¢ 1.8 +0.29¢ 0.17 £ 0.006" 0.13 +0.010°
30 days 2.2 +0.38¢ 1.7 £ 0.45% 0.18 + 0.002¢ 0.10 + 0.002°
45 days 2.5+0.37° 1.9 +0.25% 0.20 £ 0.010" 0.14 £ 0.009"
60 days 2.4 + 0.40° 1.9 +0.17¢ 0.13 £ 0.009° 0.17 £ 0.011°
75 days 2.5 +0.32¢ 1.9 +0.20% 0.06 + 0.002¢ 0.16 + 0.010°
90 days 2.5 +0.26" 1.9+ 0.15% 0.08 + 0.008¢ 0.06 + 0.012¢

FT, fortified tortilla; NFT, nonfortified tortilla

* Means in both columns for each formulation that are not followed by the same letter are significantly

different (p <.05).
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dry tortilla). Tortillas made from FCF and not stored
had vitamin B, and B, content of 0.81 mg/100 g and
0.41 mg/100 g, respectively (table 2). In addition to the
losses of micronutrients occurring during the storage
of corn flour, the cooking process affected the thiamin
content in both tortillas (table 2). The micronutrient
content of both types of tortilla as reported in table 2
reflects the net effect of flour storage and the cooking
process. The total thiamin content decreased greatly in
tortillas made with FCF previously stored. The thiamin
content in tortillas made from FCF stored for 90 days
was 0.51 mg/100 g.

The riboflavin content in tortillas also decreased
with respect to the storage time of the corn flour used
to make them. Tortillas made with FCF stored for 90
days had a riboflavin content of 0.30 mg/ 100 g. Overall,
cooking produced FCF losses of about 35% of thiamin
content and 37% of riboflavin in addition to the losses
produced by the storage.

The effect of cooking on vitamin stability was more
noticeable in the conversion of NFCF stored for 90 days
into NFT. Overall losses ranging from 58% to 69% for
vitamin B, and B, were observed. The thiamin content
in tortillas made from NFCF stored for 90 days was
0.08 mg/100 g, whereas the riboflavin content in the
same type of tortillas was 0.06 mg/ 100 g. These results
suggest that vitamins in the corn masa flour are highly
susceptible to heat degradation, making fortification
an important procedure.

Table 2 also shows the mineral content of tortillas
made from stored NFCF and FCF. Tortillas made from
FCF without storage had iron and zinc content of 4.25
mg/100 g and 3.7 mg/100 g, respectively. FCF used to
prepare these tortillas had iron content of 4.5 mg/100
g, and 4.1 mg/100 g of zinc. Thus, after correction for
humidity the mineral content in tortillas did not show
any significant difference (p < .05) compared with the
mineral content in FCE.

Tortillas and related products are the foods most
widely consumed by Mexicans. In some areas of
Mexico, tortillas provide more than 75% of the total
caloric and protein intake; thus, tortillas may be con-
sidered a more universally accepted vehicle for the
incorporation of iron, zinc, and other micronutrients
into the Mexican diet, over wheat flour or breakfast
cereals.

Sensory evaluation of tortillas made from stored
corn flour

The mean (£ SD) hedonic ratings of the tortillas made
with corn flour at time zero and after storage are
shown by type of rating and type of tortilla (fortified
and nonfortified) in table 3. FT received favorable
flavor and odor evaluations, with a DOL of 5.3 and
5.6, respectively. The color of both samples of tortilla
was less acceptable (3.6 to 4.0). There were no diffences

TABLE 3. Mean (£ SD) of the hedonic ratings of the tortilla
made from corn flour at time zero and after 3 months of stor-
age shown by type of rating and type of tortilla*

DOL color | DOL flavor | DOL odor
FT time zero 3.8+0.7¢ | 5.3+0.6" | 5.6+0.7
T after storage | 4.0+0.8% | 55+0.7° | 5.8+0.8°
NFT time zero 3.6+0.6° | 41205 | 4.5+0.5°
NFT after storage | 4.0+£0.7¢ | 5.6+0.8" | 5.5+0.5

DOL, degree of liking; FT, fortified tortilla; NFT, nonfortified

tortilla

* Means sharing the same superscript within the same column are
not significantly different (p <.05).

in DOL in either sample of tortillas made with corn
flour previously stored for 90 days as compared with
samples taken at time zero; thus flour storage did not
affect the acceptability of tortillas. Sensory evaluation is
an important consideration in developing a successful
food fortification program. The hedonic scale used in
this study is a measure of like/dislike or degree of liking,
which in turn can be used to predict acceptability. The
results of this study indicate that the tortillas made
from FCF were accepted by Mexican adults and that
fortification was not detected.

There are a few reports of the keeping qualities of
tortilla made from stored corn flour. Paredes-Lépez
and Mora-Escobedo [29] studied the stability of corn
flour stored for 60 days under accelerated storage con-
ditions, observing that sensory qualities such as flavor,
color, and aroma of tortilla prepared from stored corn
flour decreased with longer storage time and higher
relative humidity (RH), and was no longer acceptable
at 60 days of storage. Since this study was done under
accelerated storage conditions, it may be that in ambi-
ent conditions it would take more than 90 days of flour
storage before tortilla acceptance would be affected.

Few studies have examined the sensory qualities
or acceptability of cereal products fortified with iron
and zinc. Sometimes the sensory properties of a given
food can be affected by the addition of a determined
fortificant. If iron is a component of the fortificant
premix, the development of off-flavors and off-colors
due to reactions with other components of the food
material is critical when fortifying light-colored foods.
In our study, the organoleptic properties of fortified
tortillas did not change during the storage period,
and were accepted by the panelists even after 90 days
of storage.

Conclusions

Storage time slightly affected the stability of riboflavin
and thiamin in FCF, which was acceptable during the
first 3 months. FCF had losses of 24% for thiamin and
18% for riboflavin. No significant losses in iron and
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zinc content were observed during the period of stor-
age. The cooking process produced losses of thiamin
ranging from 43% to 52% and riboflavin of 54%; these
nutrient losses should be considered when attempting
to fortify corn masa flour. Sensory evaluation indicated
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Effect of prenatal multiple micronutrient supplements
on maternal weight and skinfold changes:
A randomized double-blind clinical trial in Mexico

Usha Ramakrishnan, Teresa Gonzélez-Cossio, Lynnette Marie Neufeld, Juan Rivera,

and Reynaldo Martorell

Abstract

Background. Recent trials of prenatal multivitamin-
mineral supplements have yielded mixed findings for
outcomes such as birth size, but the benefits of prenatal
multivitamin-mineral supplements for maternal out-
comes are unknown.

Objective. The main objective of this study was to exam-
ine the effect of prenatal multiple micronutrient supple-
ments (MM) compared to iron only (FE) supplements on
changes in maternal weight and body composition during
pregnancy and the early postpartum period.

Methods. A randomized double-blind clinical trial was
conducted in semi-rural Mexico. Women received either
MM or FE supplements, 6 days per week from early preg-
nancy to delivery. Anthropometric measurements were
obtained at recruitment, 26 and 37 weeks pregnancy, and
1 month postpartum. Women in both groups were similar
at recruitment except that body-mass index (BMI) was
greater in the FE group.

Results. Mean weight gain during pregnancy was
significantly greater (~0.6 kg) in the MM group (n =
283) compared to the FE group (n = 287), but not after
adjusting for maternal BMI at recruitment. Overweight
women in the MM group gained 0.53 kg between recruit-
ment and 1 month postpartum, whereas those in the FE
group lost 0.63 kg; there were no differences between
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experimental groups among non-overweight women
(p = .06 for interaction).

Conclusions. Compared to iron supplements, MM
supplements did not increase weight gain during preg-
nancy after adjusting for baseline differences in BMI but
may lead to greater postpartum weight retention among
overweight women.

Key words: Weight gain, pregnancy, iron, multivita-
min-mineral supplements, body composition

Introduction

Poor maternal nutrition both before and during preg-
nancy is an important cause of poor pregnancy out-
comes, especially in developing countries [1, 2]. Weight
gain during pregnancy is widely used as an indicator
of the adequacy of nutrition during pregnancy and has
been associated with infant outcomes such as mortal-
ity, prematurity, and low birthweight [1, 3]. Studies
have shown that while weight gain in healthy popula-
tions, such as the United States, averages around 12.5
kg, weight gain is only 7 to 8 kg in many developing
countries [4]. Several intervention trials have been
conducted to evaluate the benefits of increasing food
intakes during pregnancy on maternal and infant out-
comes, but the findings have varied either by the type
of outcome examined or study setting [2]. Although
improved birth outcomes such as higher birthweight
are usually accompanied by increased maternal weight
gain and/or body fat, this has not always been the
case [5, 6]; further documentation of the impact of
improved nutrition during pregnancy on maternal
outcomes in addition to birth outcomes is necessary.
Improved micronutrient intakes during pregnancy
may contribute to increased energy intakes by influenc-
ing appetite [7]. Although several intervention trials
have been conducted using either food supplements
or single nutrients such as vitamin A or zinc, few
have examined the impact of prenatal multivitamin

Food and Nutrition Bulletin, vol. 26, no. 3 © 2005, The United Nations University.

273



274

U. Ramakrishnan et al.

mineral supplements (MVMS), an approach that is
being considered by many international agencies as
a simpler strategy to improve pregnancy outcomes.
Two observational studies in the US have shown that
routine consumption of MVMS supplements was
associated with increased weight gain during preg-
nancy and improved birth outcomes (low birthweight
and preterm deliveries) even after controlling for dif-
ferences in factors such as access to prenatal care and
baseline nutritional status [8, 9]. In one intervention
trial, multivitamin supplements reduced the incidence
of prematurity and low birthweight by about 40%
compared to routine iron-folate (FE-folate) supple-
ments [10], and also improved maternal T-cell counts
and weight gain during pregnancy in HIV-positive
asymptomatic women [11].

The benefit of multiple micronutrient (MM) sup-
plements for non-HIV infected women, however, is
not known. In Nepal [12], MVMS did not improve
birth outcomes when compared to FE-folate supple-
ments (regarded as a standard of care), but the impact
on maternal outcomes was not reported. We recently
conducted a randomized, double-blind controlled
trial in semi-rural Mexico to compare the efficacy of a
multiple micronutrient (MM) supplement compared
to an iron-only (FE) supplement during pregnancy in
improving maternal and infant outcomes. In a previous
publication, we reported that MM supplements did not
improve birth weight or length compared to iron-only
supplements [13]. Mean birth weight was 2.981 and
2.977 kg in the MM and FE groups, respectively. The
specific outcomes examined in this paper are weight
gain and changes in maternal anthropometry both
during pregnancy and at 1 month postpartum.

Methods

Study setting and design

This study was a collaborative project between the Rol-
lins School of Public Health, Emory University, Atlanta
Ga, USA, and the Centro de Investigacién en Nutricién
y Salud, Instituto Nacional de Salud Publica (INSP),
Cuernavaca, Mexico. The study site was a semi-rural
community, near the city of Cuernavaca, in Morelos,
Mexico. We used a randomized double-blind design in
which the treatment group received the MM supple-
ment containing 1 to 1.5 RDA (Recommended Dietary
Allowance) of key vitamins (A, D, E, B, B,, B;, B, B,
C, and folic acid) and minerals (Zn, Mg), and 60 mg
of iron. The control group received 60 mg iron, which
was the standard practice of the Ministry of Health in
Mexico at the time the study was conducted.

The study protocol was approved by the Human
Investigations Committee at Emory University and
at INSP, and written informed consent was obtained

from all eligible subjects at recruitment. We excluded
women who were more than 13 weeks pregnant at
recruitment or who reported the use of micronutri-
ent supplements (n = 8). All eligible pregnancies were
randomly allocated to either the MM or FE group using
four color-coded groups (two per treatment) assigned
a priori using a computer-generated list. Participants
were visited at their homes six days a week by trained
workers who administered and recorded the consump-
tion of supplements until delivery. All study personnel
and investigators were blinded to group assignment,
the details of which were kept in sealed envelopes in
both institutions and opened only after preliminary
data analysis was completed. Additional details of the
supplement composition and of recruitment and treat-
ment allocation are provided elsewhere [13].

Data collection

At recruitment, which began in July 1997, all partici-
pants were provided with a prenatal examination that
included a detailed obstetric history, physical exami-
nation, anthropometric and dietary assessments, and
blood draw. All examinations and assessments were
carried out by the study physician and a team of trained
nurses at the study headquarters. Height, weight, mid
upper arm circumference (MUAC), tricep skinfold
(TSF), and subscapular skinfold (SSF) thicknesses
were measured several times by workers trained in
standard anthropometric techniques [14]. All subjects
were asked to come to the study headquarters for
routine prenatal care visits at 26, 32, and 37 weeks of
pregnancy. An additional exam was conducted in each
participant’s home at one month postpartum, during
which anthropometric measurements were taken again.
Due to budgetary limitations, a modified protocol was
implemented after September 1, 1999, from which
point only weight was measured at the 32- and 37-
week prenatal visits. Socioeconomic status (SES) was
determined using a questionnaire that included details
of education, ethnicity, water and sanitation, quality of
housing, household size, occupation, and possessions
such as a television set, radio, or bicycle. An index of
economic status was derived from these data using
factor analysis [15].

Data analysis

The main outcome variables were maternal weight gain
and changes in MUAC, TSF, and SSF from recruitment
to 37 weeks pregnancy and from recruitment to 1
month postpartum. We also examined early (recruit-
ment to 26 weeks pregnancy) and late weight gain (26
weeks to 37 weeks pregnancy) and defined inadequate
weight gain during pregnancy as weekly weight gain
below 225 g/week.

Using an intent-to-treat design, all pregnancies
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assigned to treatment between July 1997 and December
31, 1999 were included and the effectiveness of ran-
domization was tested by comparing the two groups
for selected sociodemographic, health, and nutrition
characteristics of the women at recruitment. Com-
parisons between the final sample with information on
maternal weight gain and changes in anthropometry
and those participants lost to follow-up were also done
for selected baseline characteristics and for measures of
compliance (defined as the proportion of supplements
consumed while in the study). All comparisons were
done using Student’s ¢-tests for normally distributed
variables and chi-square tests of proportions for cat-
egorical variables.

The analysis was restricted to pregnancies that
resulted in singleton term live births and had data avail-
able on the outcomes of interest. Following unadjusted
comparisons of key outcomes by intervention group,
adjusted analyses using multivariate techniques (gen-
eral linear models) were done to control for maternal
body-mass index (BMI) and marital status, both of
which differed significantly between groups at recruit-
ment. In addition, effect modification by characteristics
selected a priori (maternal overweight at recruitment
and economic status) was tested. Overweight was
defined using the World Health Organization (WHO)
definition of BMI > 25 kg/m? [16]. All statistical analy-
ses were conducted using SAS 8.2 (SAS Institute, Cary,
NC, USA). Since some women contributed more than
one pregnancy to the study, repeated measures analysis
(SAS PROC MIXED) were used to compare the main
outcomes of interest. Statistical significance was based

on the criterion of p < .05 for simple group differences
and p < 0.15 for tests of interactions.

Results

A total of 921 pregnancies were identified and 873
were assigned to treatment—435 to the multiple
micronutrient group and 438 to the iron group. Details
of birth outcomes and reasons for loss to follow-up
have been described elsewhere [13]. The comparison
of selected maternal characteristics at recruitment
(table 1) showed that the two groups were similar for
the majority of characteristics, including maternal age
at recruitment, number of weeks pregnant at entry,
percent primiparous, years of schooling, economic
status, and percent anemic. There were also no differ-
ences in reported energy and micronutrient intakes
between intervention groups at baseline (results not
shown). However, the proportion of single mothers
was higher in the MM group compared to the FE
group, although a majority of women in both groups
had a partner. Additionally, although mean height was
similar between the groups, women in the FE group
were significantly heavier (p < .05) compared to those
in the MM group as demonstrated by greater weight,
BM]I, and skinfold measurements; almost a third were
overweight with a higher proportion in the FE group
(38.7%), compared to the MM group (30.8%).

Out of the final sample of 602 pregnancies that
resulted in singleton term live births, maternal weights
were available at recruitment and 37 weeks’ gestation

TABLE 1. Maternal characteristics at recruitment for all women assigned to receive multiple micro-
nutrient (MM) or iron only (FE) supplements during pregnancy using intent-to-treat design

Multiple micronutrients Iron
(N = 435) (N = 439)

N Mean + SD* N Mean + SD¢ b
Maternal age (yr) 434 23.09 £5.48 436 23.00 £5.42 .80
Weeks pregnant (wk) 431 9.24 £2.51 432 9.31£3.00 73
Primiparous (%) 431 36.4 432 34.3 .51
Schooling (yr) 396 6.84 + 3.41 402 7.05+3.24 .36
Economic status 395 0.00 £ 1.03 398 0.08 £ 1.06 27
Indigenous ethnicity (%) 396 32.3 402 29.1 .32
Single mother (%) 395 4.6 402 2.0 .04
Anemia (%) 400 13.3 403 10.2 .18
Height (cm) 432 148.66 + 4.95 439 148.54 +4.70 72
Weight (kg) 433 52.78 £9.67 439 54.15 + 10.00 .04
Body-mass index (kg/m?) 431 23.83 £3.94 439 24.53 £ 4.31 .01
MUAC 433 27.22+3.21 439 27.82 £ 3.69 .01
TSF thickness 433 21.61 £6.53 439 22.71+£7.14 .02
SSF thickness 433 15.62 £ 4.89 439 16.46 £ 5.14 .01

MUAC, mid upper arm circumference; TSF, triceps skinfold; SSF, subscapular skinfold
a. Mean * SD unless indicated otherwise.
b. Using Student’s t-test for comparison of means and chi-square tests for categorical variables.
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for 570 pregnancies (502 women), and at recruit-
ment and 1 month postpartum for 577 pregnancies
(505 women). Approximately 14% of women con-
tributed more than one pregnancy to the study. Mean
birth weight was 3.1 kg with no group differences.
The complete battery of anthropometric variables was
available for a smaller subsample at 37 weeks’ gestation
(n=371) and 1 month postpartum (n = 456), as only
weight was measured after September 1999. Women
for whom data on weight gain during pregnancy were
available were younger (p < .05) compared to those
without available data, and the subsamples with full
anthropometry had a lower hemoglobin concentra-
tion (p < .05) compared to those without these data.
However, there were no differences in anthropometric
measurements at recruitment for all subsamples.

The mean values for the changes in weight and other
anthropometric measurements from recruitment to 37
weeks’ gestation and 1 month postpartum are presented
by intervention group in table 2. Weight gain during
pregnancy was lower than recommended in both
groups [4], approximately 7-8 kg from recruitment to
37 weeks. Although mean weight gain was about 0.6 kg
greater for the MM group, these differences were atten-
uated to 0.32 kg and ceased to be statistically significant
(p = .24) after adjusting for baseline differences in BMI.
The findings were similar for differences in weekly
weight gain (270 g/week). The incidence of low weight
gain was lower in the MM group (34.1%) compared to

the FE group (40.1%), but these differences (odds ratio:
0.75; 95% confidence interval [CI]: 0.54, 1.06) were
also attenuated after adjusting for baseline differences
in BMI (adjusted odds ratio: 0.89; 95% CI: 0.62, 1.28).
Women retained about 2 kg from the time of recruit-
ment to 1 month postpartum; although this was greater
for the MM group (0.71 kg), these differences were also
attenuated (0.33 kg) and not significantly different after
adjusting for baseline differences in BMI. There were
no significant differences in changes in MUAC, TSE,
and SSF between the experimental groups. Restrict-
ing the analysis to women who contributed only one
pregnancy did not alter these findings.

The comparison of the pattern of weight gain during
pregnancy by intervention group (table 3) also did
not reveal any significant differences after adjusting
for baseline differences. Weight gain from recruitment
to 26 weeks’ pregnancy was higher in the MM group
compared to the FE group in terms of actual weight
gained and rate of weekly gain, but these differences
were attenuated and not statistically significant after
adjusting for baseline differences in BMI. In contrast,
weight gain during late pregnancy i.e., from 26 weeks
to 37 weeks of pregnancy was similar in both groups,
suggesting that the differences seen in overall weight
gain before adjustment occurred in the first half of
pregnancy.

There were no interactions for changes in anthro-
pometry and weight during pregnancy and from

TABLE 2. Changes in maternal anthropometry from recruitment to 37 weeks’ gestation and to 1 month post-

partum by intervention group

Multiple micronutrients Iron
N Mean + SD N Mean + SD Pt
Recruitment to 37 weeks’ gestation

A Weight (kg) unadjusted 283 7.71+3.57 287 7.08 £ 3.58 .04
adjustedh 7.57 £ 3.30 7.25 %+ 3.30 24

AMUAC (cm) unadjusted 180 —0.13+1.32 191 —0.32+1.31 .16
adjustedb -0.19+1.18 -0.25+1.18 .62

ATSF (mm) unadjusted 180 —0.98+4.17 191 —1.04+4.17 .89
adjusted® -1.13 +£3.97 —0.90 + 3.97 .60

A SSF (mm) unadjusted 180 0.66 +3.14 191 0.21+3.14 .16
adjusted” 0.54 +2.95 0.31 +2.96 44

Recruitment to 1 mo post-partum

A Weight (kg) unadjusted 287 2.38+3.52 290 1.67 £3.53 .02
adjusted® 2.18 +3.05 1.85 + 3.05 .20

A MUAC (cm) unadjusted 222 -0.42 £ 1.41 234 -0.56 % 1.50 32
adjusted’ -0.50 + 1.31 —-0.47 £1.27 .70

A TSF (mm) unadjusted 222 -2.29 +4.47 234 -2.59+4.50 A7
adjusted® —2.48 + 4.17 —2.40 + 4.16 .85

A SSF (mm) unadjusted 222 0.39 £3.28 234 0.04 £ 3.37 .26
adjusted’ 0.28 £3.13 0.20 £ 3.06 .76

MUAC, mid upper arm circumference; TSF, triceps skinfold; SSF, subscapular skinfold

a. Using repeated measures analysis for comparison of means.

b. Adjusting for body-mass index at recruitment.
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TABLE 3. Patterns of weight gain during pregnancy by intervention group

Multiple micronutrients Iron
(N =270) (N =281)

Mean + SD Mean + SD Pt

Recruitment to 26 weeks’ gestation
A Weight (kg) unadjusted 420+2.69 3.60+2.71 .01
adjusted” 4,05 +2.37 3.77 +2.37 17
Rate of weight gain (kg/wk) unadjusted 0.25+0.17 0.22+0.17 .01
adjusted® 0.24 +0.17 0.23+0.17 23

26 — 37 weeks’ gestation

A Weight (kg) unadjusted 3.53£2.00 3.48+1.98 73
adjusted’ 3.52 +2.00 3.49 +1.98 .90
Weekly weight gain (kg/wk) wunadjusted 0.34+0.17 0.33+£0.17 .79
adjusted” 0.34+0.17 0.33 +£0.17 .96

a. Using repeated measures analysis for comparison of means.
b. Adjusting for body-mass index at recruitment.

recruitment to 1 month post-partum by tertiles of
economic status. In contrast, there is evidence of effect
modification by maternal overweight at recruitment
(tables 4 and 5). Compared to the FE group, over-
weight women in the MM group tended to gain more
weight (p = .08) and have smaller reductions in MUAC
(p =.05), TSFE (p = .3) and SSF (p = .08) during preg-
nancy. There were no differences by treatment group
(p>.3) among non-overweight women (table 4). Simi-
lar interactions by maternal overweight at recruitment
(p < .1 for all interactions) were seen in mean changes

TABLE 4. Effect of prenatal multiple micronutrient (MM)
supplements on changes in maternal anthropometry from
recruitment to 37 weeks’ gestation stratified by maternal
overweight at recruitment?

Multiple
micronutrients Iron
N [Mean+SD | N | Mean + SD pb
A Weight (kg)
Normal 192 | 8.48 £3.34 | 177 | 8.22 +3.34 |.320
Overweight | 91 | 6.12+£3.34 | 110| 5.27 £ 3.36
AMUAC (cm)
Normal 123 ] 0.13+1.22|117| 0.18 +1.18 |.103
Overweight | 57 |-0.68 + 1.21 | 74|-1.11 £ 0.94
A TSF (mm)
Normal 123 |-0.41 £3.99 | 117 | 0.16 £ 3.99 |.135
Overweight | 57 |-2.22+3.99 | 74|-2.95+3.98
A SSF (mm)
Normal 123 | 1.10+3.00 | 117 | 1.10 £ 23.01{.149
Overweight | 57 |-0.29 £3.00 | 74 |-1.24 + 3.02

in weight and body composition from recruitment to
1 month postpartum (table 5). Overweight women
retained more weight (0.53 kg) in the MM group
compared to the FE group, who lost 0.63 kg (p < .01),
in contrast to non-overweight women, who retained
about 3 kg in both groups (p = .7). The reductions in
MUAC, TSFE, and SSF thickness from recruitment to 1
month postpartum among overweight women were
less in the MM group when compared to the FE group
(p = .06, p = .12, and p = .07, respectively), with no
differences by treatment group among non-overweight
women (p > .25). It should also be noted that these

TABLE 5. Effect of prenatal multiple micronutrient (MM)
supplements on changes in maternal anthropometry from
recruitment to 1 month postpartum stratified by maternal
overweight at recruitment?

Multiple
micronutrients Iron
N |Mean+SD | N | Mean+SD | pt
A Weight (kg)
Normal 195 | 3.24+3.16 (178 | 3.11 £3.15|.062
Overweight | 92 | 0.53£3.17 |112 |-0.63 +3.14
AMUAC (cm)
Normal 155 |-0.12+1.36 [ 145 | 0.04+1.35|.030
Overweight | 67 [-1.12+1.36| 89 |-1.53+1.34
A TSF (mm)
Normal 122 |-1.54+4.21 | 145 |-1.08 £4.20 |.071
Overweight | 67 |-3.99+4.21| 89 |-5.05+4.19
A SSF (mm)
Normal 155 | 0.91+3.13 (145 | 1.10x£3.12{.075
Overweight | 67 |-0.76 £3.12| 89 |-1.68 +3.11

MUAC, mid upper arm circumference; TSE, triceps skinfold; SSF,

subscapular skinfold

a. Normal: body-mass index < 25 kg/m? ; overweight: body-mass
index > 25 kg/m?.

b. Using repeated measures analysis.

MUAC, mid upper arm circumference; TSE, triceps skinfold; SSF,

subscapular skinfold

a. Normal: body-mass index < 25 kg/m? ; overweight: body-mass
index > 25 kg/m?.

b. Using repeated measures analysis.
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interactions remained significant (p < .05 for changes
from recruitment to 1-month postpartum) when
restricted to the sample of women who contributed
only one pregnancy.

Discussion

The absence of an effect of the intervention on mater-
nal weight gain and changes in anthropometry during
pregnancy as well as from recruitment to 1-month
postpartum following adjustments for baseline differ-
ences in BMI are consistent with our earlier findings of
no improvements in birth size [13]. These results are
not affected by inadequate sample size for most of the
outcomes. Power calculations indicate that our study
sample had at least 80% power to detect a difference
of 0.6 kg between the two groups for both weight gain
during pregnancy and changes from recruitment to
1 month postpartum, assuming a two-tailed test and
significance level of .05 [17]. Similar calculations also
revealed that we had at least 80% power to detect a
difference of 0.5 cm and 1 mm for changes in MUAC
and skinfold thickness during pregnancy (n = 371) and
from recruitment to 1 month postpartum (n = 456)
except for changes in TSF during pregnancy (power
= 0.64 and 0.74 for a two- and one-tailed test, respec-
tively). It should be noted that the above differences
represent small to medium effect sizes (0.2-0.35 SD).
The observed changes in body composition were also
small and the mean values in both treatment groups
fell within the normal distribution of values for Cau-
casian women of comparable age measured in the first
and second National Health and Examination Surveys
(NHANES) in the United States [18].

Furthermore, there appears to be no selection bias
that may explain these findings. Baseline anthro-
pometric measurements were similar in the final
samples when compared to the original sample of all
pregnancies recruited in the trial. The comparison of
baseline characteristics by intervention group in the
final subsamples (data not shown) was also similar
to those presented for the original sample (table 1).
Finally, although we had to exclude preterm births
(n =43) as they precluded measurements at 37 weeks,
we found similar findings when we examined weight
gain during early pregnancy for the larger sample
(n = 664) and included preterm births in the analysis
of outcomes from recruitment to 1-month postpartum
(data not shown).

It is also important to note that the lack of effect
occurred in the context of lower-than-recommended
weight gains (mean = 12 kg) and cannot be attributed
to a ceiling effect [4]. Although there is less information
on changes in body composition [19], overall weight
gain in this study is similar to those reported in popula-
tions from developing countries [1, 4, 20, 21]. Recent

findings from a longitudinal prospective study in Gua-
temala using similar protocols show mean weight gain
during pregnancy of approximately 7 kg [22].

Although several observational studies and food sup-
plementation trials have examined maternal outcomes
such as weight gain during pregnancy [2, 23], there is
very little information as to the role of micronutrients.
Villamor et al. [11] reported that average weight gain
(306 g/week) was significantly higher during the third
trimester in the group of HIV-positive women who
received prenatal multivitamins compared to those
who received the placebo. These same researchers also
reported that the risk of low weight gain (< 100 g/wk)
was also significantly lower (~30%) in the intervention
group [11], which is consistent with their previously
reported results of reductions in the incidence of low
birth weight [10]. However, the relevance of these
findings to non-HIV infected populations is unclear.
Among studies conducted in non-HIV infected popu-
lations, a prospective study of young African-American
women by Scholl et al. [8] found that the proportion
of women with inadequate weight gain (28.7%) was
significantly higher among women who did not report
consuming prenatal MVMS compared to those who
did (22%). Similarly, in an earlier supplementation trial
from Chile [24], women who consumed a fortified milk
supplement had significantly higher weight gain (12.3
kg) compared to those who received the unfortified
supplement (11.5 kg). Improved birth outcomes were
reported in both these studies.

The change in weight from recruitment to 1 month
postpartum is consistent with studies in well-nourished
populations showing that postpartum weight reten-
tion ranges from none to 2 kg per pregnancy [25].
This is in contrast to overall weight loss, i.e., “maternal
depletion syndrome” common in populations with
moderate to severe chronic energy deficiency [26, 27].
Pregnancy-related weight retention is of increasing
concern in populations such as the United States,
where overweight and obesity are significant public
health problems. Recent data from the National Nutri-
tion Survey in Mexico also indicate that overweight
and obesity are emerging public health problems
that need to be addressed along with undernutrition
[28]. Therefore, our finding that overweight women
who received MM retained more weight compared to
those who received only iron may be of concern. It is
important to note that these women gained only about
6 kg during pregnancy, with little or no weight reten-
tion postpartum. These weight gains are comparable
to the recommendations for overweight women in the
United States [4] and it would therefore be important
to determine if the observed differences are transient
or not. Ongoing follow-up studies of these women
will provide valuable information. Similarly, although
the differences in MUAC and SSF measurements sug-
gest that there may be increased retention of body fat
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stores in the MM group, there were decreases in MUAC
and SSF in overweight women in both supplement
groups. It should also be noted that our findings were
not affected by the exclusion of preterm births, as we
had similar findings. Although few intervention trials
have examined changes in maternal body composi-
tion, observational studies primarily from the United
States have shown that higher gestational weight gain,
African-American race, younger age and low socio-
economic status have been positively associated with
increased pregnancy-related weight retention [25],
whereas prepregnancy BMI was negatively associated
with overall weight gain [4] as well as fat gain during
pregnancy [29].

In summary, our findings indicate that compared
to iron supplements, MM supplements do not affect
weight gain during pregnancy, but may lead to greater
postpartum weight retention and smaller decreases
in MUAC and skinfold thickness among overweight
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School-based iron and folic acid supplementation
for adolescent girls: Findings from Manica Province,

Mozambique
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Abstract

Background. The 1997 Demographic and Health Survey
in Mozambique shows that 47% of girls 15 to 19 years old
living in Manica province (west-central Mozambique)
are pregnant or have already had a child. A recent survey
also shows that 45% of girls 10 to 18 years old attend-
ing school are anemic. Strategies are needed to build
iron stores before pregnancy and to control seasonal and
chronic iron deficiency and anemia in school-aged girls.

Objective. To assess the program effectiveness of two
school-based weekly iron and folic acid (IFA) supplemen-
tation regimes (5-month supplementation vs. 8-month
supplementation) in girls 10 to 18 years old attending
school in Manica province.

Methods. Twelve schools were included in the study.
Schools were ordered by descending mean hemoglobin
concentration, and assigned alternately to study group
5 (six schools; 5-month supplementation) or study
group 8 (six schools; 8-month supplementation). In both
study groups, the weekly supplement contained 60 mg of
elemental iron and 400 ug of folic acid. All girls received
a single dose of mebendazol (500 mg) twice—once at
the beginning of the study (T0) and once six months
later (T6).

Supplementation was implemented and supervised
by the teachers of the schools included in the study.
Between TO and T3, girls in study group 8 received IFA
supplements weekly whereas girls in study group 5 did
not. Between T3 and T8, all girls in both groups received
weekly IFA supplements.

Results. At TO, mean hemoglobin concentration and
anemia prevalence were comparable in study groups 8
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and 5 (125.3 £ 12.6 g/L vs. 123.8 £+ 12.8 g/L; 28% vs.
29%, respectively). At T3, the mean hemoglobin concen-
tration in study group 8 was significantly higher (126.3
+ 143 g/Lvs. 121.5g/dL £ 11.9 g/L, p <.001) and the
prevalence of anemia was lower (28% vs. 35%, p =
.076) than in study group 5. At T8, after an additional
5-month supplementation period in both study groups,
mean hemoglobin concentration and anemia prevalence
in study groups 8 and 5 were not significantly different
(126.5 + 12.6 g/L vs. 124.9 + 12.3 g/L; 23% vs. 27%,
respectively).

Conclusion. In Manica Province, school-based weekly
IFA supplementation is a feasible and effective inter-
vention to prevent seasonal drops in hemoglobin con-
centration and increases in anemia prevalence. Short
supplementation periods can have an important impact
on girls’ hematological status. However, the size of girls’
hematological response in this study was significantly
lower that that observed in studies with similar popu-
lation groups, initial anemia prevalence, supplement
dosing, and/or supplementation regime.

Key words: Anemia, iron, folic acid, supplementation,
adolescent girls, schools, Mozambique

Introduction

Global estimates show that 42% of women of repro-
ductive age and 52% of pregnant women are anemic
[1]. Maternal anemia is associated with increased rates
of maternal and infant disability and death, [2] as well
as with significant losses in cognitive performance, pro-
ductivity, and gross domestic product [3]. In Mozam-
bique, maternal anemia is widespread, as an estimated
55% of Mozambican pregnant women are anemic. A
recent four-province survey in Cabo Delgado, Gaza,
Manica, and Maputo showed that the prevalence of
anemia in pregnant women ranged between 50% and
68% [4]. In Mozambique, maternal anemia is a severe
public health problem and a major constraint for
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national human development and economic growth.

For most pregnant women, it is virtually impossible
to meet the high iron requirements of pregnancy (> 4
mg of absorbed iron daily) from dietary sources alone.
This is particularly true in Mozambique, where fertility
levels are high, birth intervals are short, and adolescent
pregnancies are frequent [5]. The national policy of
the Ministry of Health in Mozambique recommends
that pregnant women start taking iron and folic acid
(IFA) supplements daily (60 mg of elemental iron and
400 pg of folic acid) at first prenatal contact and that
they continue taking them until delivery. Prenatal IFA
supplementation is intended to meet the increased iron
requirements during pregnancy.

In Manica province (west-central Mozambique),
47% of adolescent girls 15 to 19 years old are or have
been pregnant and 45% of adolescent girls 10 to 18
years old attending school are anemic [6]. The percent-
age of pregnant girls that continue to attend school
is unknown. It may be that once girls are pregnant,
they leave school and do not return. However, these
pregnant girls are targeted to continue receiving sup-
plementation through programs currently in place for
pregnant women. The effectiveness of prenatal IFA
supplementation when implemented as a large-scale
program through the primary health care system is
often suboptimal [7]. Additional strategies are needed
to build iron stores before pregnancy and to control
iron deficiency and anemia.

Schools have been used in some developing countries
as an effective delivery point for health and nutrition
services. In Mozambique, schools could be an effective
pre-existing delivery channel for IFA supplementa-
tion programs for adolescent girls. School-based IFA
supplementation programs have the potential to be
particularly effective when they are implemented and
supervised by teachers and/or health staff [8]. Such
programs could help meet the increased iron require-
ments associated with rapid growth spurts and onset
of menses in young women, while building adolescents’
iron stores before pregnancy [9].

The objective of this study was to compare the
effectiveness of two school-based weekly IFA supple-
mentation regimes (weekly IFA supplementation for 5
months vs. weekly IFA supplementation for 8 months)
in adolescent girls 10 to 18 years of age attending school
in Manica province. Outcome measures were changes
in blood hemoglobin concentration and changes in
anemia prevalence in each comparison group.

Methods

The study was conducted in the districts of Macossa
and Guro. All girls in a total of 12 schools, 6 per dis-
trict, were included in the supplementation program.
All girls between the ages of 10 and 18 were included

in the study. Schools were chosen in conjunction with
local health and education officials, based on perceived
need as well as consistent physical access throughout
the year. Schools were ordered by descending initial
mean hemoglobin and assigned alternatively to study
group 5 (six schools; 5-month supplementation) or
study group 8 (six schools; eight-month supplementa-
tion). This resulted in six schools randomly assigned
to either study group 8 or 5. In both study groups, the
weekly supplement contained 60 mg of elemental iron
and 400 pg of folic acid. Twenty-six teachers from the
12 schools participated in a half-day workshop on the
technical, logistical, and supervisory aspects of school-
based weekly IFA supplementation programs. These 26
teachers trained and supervised the teachers in their
respective schools. Official authorization to conduct
this study was granted by the Ministry of Health after
review by an ethics commission, and permission forms
were also collected with signatures of each participant
and one parent.

Girls in study group 8 started weekly supplemen-
tation in February 2002 (T1), immediately after the
baseline survey in January 2002 (T0). Girls in study
group 5 began weekly supplementation three months
later, in May 2002 (T3), immediately after the mid-
term survey. The study concluded in October 2002
(T8), when girls in study group 8 had completed eight
months of weekly supplementation and girls in study
group 5 had completed five months of weekly supple-
mentation. To eliminate a potentially major source of
variation among girls, anthelmintic therapy consisting
of a single dose of mebendazol (500 mg) was given to
all the girls participating in the program twice over the
school year—once at the beginning of the study (T0)
and once 6 months later (T6).

Hemoglobin concentration was measured in all girls
present in the 12 schools (including girls younger than
10 years or older than 18 years, although they were not
included in the data analysis) at T0, T3, and T8 using
a portable hemoglobinometer HemoCue (Agelholm,
Sweden). Epi Info 2002 was used for data entry and
validation of internal consistency. SPSS 11.5 was used
for data management and statistical analysis. SYSTAT
10.2 was used for power analysis.

Several types of statistical tests were used in the
analysis. A t-test was used to compare means of hemo-
globin levels between the groups of girls. A paired -test
was used to compare means of hemoglobin levels of
repeated measures in the same girls. A chi-square test
was used to compare prevalences of anemia between
groups of girls. A McNemar test was used to compare
prevalences of repeated measures of anemia in the same
girls. Linear regression analysis was used to test for con-
founders when comparing hemoglobin levels between
study groups at each measurement. All statistical tests
were performed two-sided, and results were considered
significant at p < .05 unless otherwise noted.
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Results

A total of 991 girls were present at T0—493 in study
group 8 and 498 in study group 5; 858 girls were
present at T3—403 girls in group 8 and 455 girls in
study group 5; 822 girls were present at T8—382 in
study group 8 and 440 in study group 5. A total of 511
girls were present at T0, T3, and T8 surveys—258 girls
in study group 8 and 253 in study group 5. Table 1
shows that girls who were present at TO, T3, and T8 (n
= 511) were not significantly different from those who
were present at TO but were absent at T3 and/or T8 (n
= 480) with respect to age, hemoglobin concentration,
prevalence of anemia, or severity of anemia at baseline
(T0). The analysis presented here includes only the
511 girls who were present at TO, T3, and T8 unless
otherwise indicated.

In girls 10 to 11.9 years of age, anemia was defined
as hemoglobin concentration below 115 g/L; girls
with a hemoglobin concentration between 114.9 and
105 g/L were classified as mildly anemic; girls with a
hemoglobin concentration between 104.9 and 75 g/L
as moderately anemic; and girls with a hemoglobin
concentration below 75 g/L as severely anemic. In girls
> 12 years of age, anemia was defined as a hemoglobin
concentration below 120 g/L; girls with a hemoglobin
concentration between 119.9 and 110 g/L were classi-
fied as mildly anemic; girls with a hemoglobin con-
centration between 109.9 and 80 g/L as moderately
anemic; and girls with a hemoglobin concentration
below 80 g/L as severely anemic [10]. At T0, the preva-
lence of anemia among the girls included in the study
was 29%; the prevalence of mild anemia was 21% and
that of moderate anemia was 8%. No cases of severe
anemia were observed. No significant differences were
observed between study groups 8 and 5 with respect to
age, mean hemoglobin concentration, anemia preva-
lence, or severity of anemia (table 1). Prevalence of
pregnancy or menstrual status was not measured.

Figure 1 shows changes in the prevalence of anemia
in study groups 8 and 5 over the course of the study.
At TO, the prevalence of anemia in study group 8 was
not significantly different from that in study group 5

(28% vs. 29%, respectively; p = .812). Study group 8
did not show any significant variation in the prevalence
of anemia between TO0 and T3, after a 3-month weekly
supplementation period (28% both at TO and T3,
p =.903) whereas study group 5 showed a non-signifi-
cant increase in the prevalence of anemia between T0
and T3 (29% vs. 35%; p = .141). At T3, the prevalence
of anemia in study group 8 was lower, though not sig-
nificantly so, than the prevalence of anemia in study
group 5 (28% vs. 35%, respectively; p = .076). Sample
size was based on survey resources and not on the
sample required to achieve a certain power. However,
a post-hoc test of power shows that the power (beta)
at this sample size is 0.396. A total sample size of 1,380
would be necessary to achieve a power of 0.8, assuming
the same prevalences.

Study group 8 showed a decrease in the prevalence
of anemia between T3 and T8 after an additional
5-month weekly supplementation period (28% vs.
23%; p = .162). The power (beta) at this sample size is
0.149. A total sample size of 2382 would be necessary
to achieve a power of 0.8, assuming the same preva-
lences. Study group 5 showed a significant decrease
in the prevalence of anemia between T3 and T8 after
a 5-month weekly supplementation period (35% vs.
27%; p = .021). At T8, the prevalence of anemia in
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FIG. 1. Changes in the prevalence of anemia in study groups
8 and 5 over the course of the program

TABLE 1. Comparison of age, mean hemoglobin, and anemia prevalence as measured at TO between study groups 8 and 5,
and between girls present for all three surveys and those not present at T3 and/or T8

Girls present
Girls present | T0, but missing
Group 8 Group 5 TO0, T3,and T8 | T3 and/or T8
(n=258)" (n=253)" P (n=511)" (n=480)" p

Age (yr £ SD) 119+ 1.7 119+ 1.6 .966 1192+ 1.7 11.8 £ 1.8 321
Mean (£ SD) Hb (g/L) 1253 £ 12.6 123.8 £ 12.8 187 124.6 £12.7 124.7 £11.4 .899
Total anemia prevalence 28% 29% 812 29% 25% .158
Mild anemia prevalence 21% 19% .584 20% 19% .582
Moderate anemia prevalence 7% 10% 237 8% 6% 116

Hb, hemoglobin; T0, time zero; T3, 3 months; T5, 5 months; T8, 8 months
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study group 8 was not significantly different from that
of study group 5 (23% vs. 27%; p = .294). The preva-
lence of anemia at TO and T8 were not significantly
different in either study group 8 (28% vs. 23%; p =.120)
or study group 5 (29% vs. 27%; p = .585).

Figure 2 illustrates the changes of mean hemoglobin
concentration in groups 8 and 5 throughout the study.
At TO, the mean hemoglobin concentration in study
group 8 was not significantly different from that in
study group 5 (125.3 + 12.6 g/L vs. 123.8 + 12.8 g/L,
respectively; p = .187). Study group 8 did not show
any significant variation in mean hemoglobin con-
centration between T0 and T3 after a 3-month weekly
supplementation period (125.3 £ 12.6 g/L vs. 126.3 £+
14.3 g/L; p = .219), whereas study group 5 showed a
significant decrease in mean hemoglobin concentration
between TO and T3 (123.8 £ 12.8 g/L vs. 121.5 £ 11.9
g/L; p=.003). At T3, the mean hemoglobin concentra-
tion in study group 8 was significantly higher than that
in study group 5 (126.3 £ 14.3 g/l vs. 121.5 g/dL + 11.9
g/L, respectively; p < .001).

Study group 8 did not show any significant variation
in mean hemoglobin concentration between T3 and T8
after an additional 5-month weekly supplementation
period (126.3 = 14.3 g/L vs. 126.5 £ 12.6 g/L; p = .746).
Study group 5 showed a significant increase in mean
hemoglobin concentration between T3 and T8 after a
5-month weekly supplementation period (121.5 £ 11.9
g/Lvs. 1249 +12.3 g/L; p <.001).

At T8, the mean hemoglobin concentration in study
group 8 was not significantly different from that in
study group 5 (126.5 + 12.6 g/L vs. 124.9 + 12.3 g/L;
p = .150). Mean hemoglobin concentration at T0O was
not significantly different from that at T8 neither in
study group 8 (125.3 + 12.6 g/L vs. 126.5 + 12.6 g/L;
p = .121) nor in study group 5 (123.8 £ 12.8 g/L vs.
124.9 +12.3 g/L; p = .205).

The observed difference between study groups in
mean hemoglobin concentration remains nonsignifi-
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FIG. 2. Changes in mean hemoglobin concentration in study
groups 8 and 5 over the course of the program

cant at T0O and T8, and significant at T3, when control-
ling for age and/or initial hemoglobin using linear
regression analysis.

The average number of IFA supplements taken
by girls in study group 8 was 21.4 + 5.2 (maximum
number of potential IFA supplements/girl, 35); average
adherence to supplementation in study group 8 was
61%. The average number of IFA supplements taken
by girls in study group 5 was 11.0 £ 3.0 (maximum
number of potential IFA supplements/girl, 22); aver-
age adherence to supplementation in study group 5
was 50%. Adherence to supplementation was signifi-
cantly higher in study group 8 than in study group 5
(p < .001).

Discussion

Iron requirements increase during adolescence and
reach a maximum at peak growth. After menarche
they remain almost as high because of the 15% addi-
tional iron requirements necessary to compensate for
menstrual losses [11]. Requirements are even higher in
developing countries because of the low bioavailability
of dietary iron and the iron losses resulting from infec-
tious diseases and parasitic infestations.

IFA supplementation can contribute to meeting the
iron requirements during adolescence and can build
iron stores before pregnancy [12]. Moreover, there is
evidence that IFA supplementation enhances adoles-
cent growth [13] and cognitive development [14]. IFA
supplementation has been suggested as one of the most
important nutrition interventions for adolescent girls
for these and other benefits, such as decreases in the
risk of maternal mortality, fetal growth retardation, and
perinatal mortality, and increases in levels of concen-
tration, physical activity, and productivity [15].

Recent analyses have shown that under supervised
conditions, daily and weekly IFA supplementation
regimes may have a similar impact on anemia preva-
lence in school-aged children and adolescents. It has
therefore been suggested that weekly IFA supplemen-
tation be considered the supplementation regime of
choice for adolescent girls in the context of school-
based programs where there is strong assurance of
supervision and adherence (i.e., teachers agree to
supervise and encourage supplementation). However,
there is no general “existing practice” with respect to
the duration of school-based weekly IFA supplementa-
tion for adolescent girls.

In this study, anemia levels among adolescent girls
attending school were high (29%), with about 75% of
girls suffering from mild anemia and 25% from moder-
ate anemia; no cases of severe anemia were observed.
A high follow-up dropout rate (48%) was observed.
This needs to be interpreted as a high rate of irregular
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school attendance and/or school dropout rather than
as high dropout from the supplementation program. In
Manica Province, school officials report that adolescent
girls’ school attendance is suboptimal and often erratic.
Although this dropout rate is high, it appears to be
unrelated to treatment group, and where indicators
are available, the girls who dropped out are not signifi-
cantly different from the girls who were consistently
measured, as presented in table 1.

A 3-month weekly supplementation period pro-
tected girls in study group 8 from a significant drop
in hemoglobin concentration whereas lack of weekly
supplementation translated into a significant drop in
hemoglobin concentration in study group 5. At T3,
the mean hemoglobin concentration in study group
8 was significantly higher than that in study group 5
and the prevalence of anemia in study group 8 was
lower than that noted in study group 5. An additional
5-month weekly supplementation period did not
translate into any significant improvement in mean
hemoglobin concentration in study group 8, although
a pattern of reduction in the prevalence of anemia was
observed. However, a five-month supplementation
period translated into a significant increase in mean
hemoglobin concentration and a significant decrease
in anemia prevalence in study group 5. At the end of
the study (T8), mean hemoglobin concentration and
prevalence of anemia in study groups 5 and 8 were not
significantly different; similarly, mean hemoglobin con-
centration and prevalence of anemia at T0O and T8 were
not significantly different in either study group.

The lack of significant difference (alpha, or p value)
of the prevalence of anemia at T3 between group 8
and group 5, and the prevalence of anemia in group
8 between T3 and T8 is contrary to expected results.
However, the low power (beta) of these results indicates
a higher possibility of a type II error, failing to reject
the null hypothesis when there is in fact a real differ-
ence that is not observed and may possibly be due to
insufficient sample size.

The significant drop in mean hemoglobin concen-
tration and subsequent increase in anemia prevalence
observed in study group 5 between T0 and T3 (Febru-
ary—April 2002) could well reflect the impact of the
food insecure season on the hematological/iron status
of adolescent girls. In Manica, most residents are sub-
sistence farmers and an estimated 69% of the popula-
tion is food insecure [16]. The population faces an
annual lean season between October and April. In this
study, anthelmintic prophylaxis alone was not sufficient
to prevent this seasonal drop in hemoglobin concen-
tration and increase in anemia prevalence (as seen in
study group 5). On the contrary, school-based weekly
IFA supplementation provided a significant additional
protection against this seasonal drop in hemoglobin
concentration and increase in anemia prevalence (as

seen in study group 8) beyond any protection offered
by single dose mebendazol administration.

At the end of the study (T8), the mean hemoglobin
concentration in both study groups was comparable,
as was the high prevalence of anemia observed in
both groups. This suggests that an 8-month weekly
supplementation period was not more effective than
shorter supplementation periods in maintaining girls’
hemoglobin concentration at seasonal heights and that
neither of the two supplementation regimes appeared
to improve girls’ mean hemoglobin concentration
above these heights. These findings suggest that in the
girls included in the study, anemia has a multiple etiol-
ogy that probably includes (but may not be limited to)
intestinal parasite infestations, nutritional deficiencies
(beyond iron and folic acid), and malaria infection
[17]. In developing countries, malaria is a well-docu-
mented cause of anemia in women [18] and is likely to
explain to a significant extent the high levels of anemia
observed in adolescent girls in this study population.

Conclusions

In Manica region, school-based weekly IFA supple-
mentation is a feasible and effective intervention to
prevent seasonal drops in hemoglobin concentration
and increases in anemia prevalence. However, less than
ideal adherence to the supplementation regimen, par-
ticularly in areas where school attendance is irregular,
needs to be addressed. Short supplementation periods
can have an important impact on girls’ hematological
status. It is possible that improving adherence to the
supplementation program would improve the results.
Close supervision and comprehensive communica-
tion strategies have been shown to increase adolescent
girls’ compliance with weekly IFA supplementation
programs. However, the extent of girls’ hematological
response in this study was significantly lower than that
observed in studies with similar population groups,
initial anemia prevalence, supplement dosing, and/or
supplementation regime [19-24]. The contribution of
malaria or other micronutrient deficiencies to anemia
in the study population needs to be further explored
and adequate measures for its control appropriately
integrated into school-based anemia control programs
for adolescent girls. The lessons learned from this study
are being used to inform Manica’s Regional Health
Directorate in its policy and program efforts for the
control of anemia in adolescents.
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Assessment of the nutritional impact of agricultural
research: The case of mungbean in Pakistan

Katinka Weinberger

Abstract

Background. Evaluation of agricultural research often
neglects consumption and nutrition aspects. Yet agricul-
tural research can address micronutrient malnutrition by
improving both quantity and quality of food intake.

Objective. To briefly review the conceptual link-
ages between agriculture and nutrition, to estimate the
strength of the relationship between iron intake and
productivity outcomes, and to estimate the nutritional
benefit of improved mungbean varieties in terms of
net present value. This paper presents a methodology
for assessing the nutritional impact of mungbean, and
summarizes current impact evidence on the path from
mungbean research to consumption.

Methods. A consumption study was conducted among
female piece-rate workers in Pakistan to analyze the
impact of iron consumption on productivity, measured
in wages. A two-stage least-squares analysis was used to
estimate the elasticity of iron intake on wages. The results
derived from this study were extrapolated to country level
using secondary data sources.

Results. We found that anemia among women was
widespread. Approximately two-thirds of women suf-
fered from mild or severe anemia (Hb < 12 g/dL). We
found the elasticity of bioavailable iron on productivity
measured in wages was 0.056, and the marginal effect was
9.17 Pakistani rupees per additional mg of bioavailable
iron consumed. Using the model results we estimated the
impact of mungbean research on nutrition, in terms of
productivity effects, and found it was substantial, ranging
from US$7.6 to 10.1 million cumulative present value (in
1995 USS$ at 5% discount rate).
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Conclusions. Agriculture certainly plays an impor-
tant role in the reduction of malnutrition. Agricultural
research has greatly contributed to the reduction of
hunger and starvation by providing millions of hungry
people with access to low-cost staple foods. Now, as the
challenge shifts to the reduction of micronutrient deficien-
cies, more efforts must be directed toward crops high in
micronutrients, such as pulses and vegetables.

Key words: Asia, Pakistan, impact assessment, mung-
bean, agricultural research, nutrition

Introduction

The world has seen declining rates of hunger over
the past three decades. The average per capita calorie
consumption in developing countries has risen from
2054 in 1966 to 2803 in 1999, leading to a decline in
the number of hungry people from approximately
900 million to approximately 700 million in 2000 [1].
Undoubtedly, much of this can be attributed to the
successes of the “Green Revolution,” which contributed
to productivity increases and a rise in the quantity of
cereal crops available. Yet, despite these accomplish-
ments, the number of those suffering from micronu-
trient malnutrition remains high, with an estimated 2
billion at risk of iron deficiencies, 1.5 billion at risk of
iodine deficiencies, and 0.95 million at risk of vitamin
A deficiencies [2]. Micronutrient malnutrition—the
“hidden hunger”—with its many health-related effects,
has a number of adverse consequences on the develop-
ment of poor countries. It reduces labor productivity,
decreases educational achievement in children, reduces
school enrollment and attendance rates, and leads to
increased mortality and morbidity rates, thus increas-
ing overall healthcare costs [3]. The consequence is
seen in human and economic losses for economies, due
both to current and future productivity losses.
Agricultural research can address micronutrient
malnutrition by improving both quantity and quality

Food and Nutrition Bulletin, vol. 26, no. 3 © 2005, The United Nations University.

287



288

K. Weinberger

of food intake. Positive effects of agricultural research
include declines in food prices, increased consumption,
improved processing and preparation, and plant breed-
ing [4]. Plant breeding is a direct form of contributing
to the nutritional goal of agriculture by increasing the
micronutrient concentration in the crop, decreasing the
concentrations of absorption inhibitors, and increasing
the concentration of promoter compounds [5]. The
effects of agriculture on nutrition can pay off in terms
of the positive impact on productivity and growth
in the form of a workforce that will be stronger and
healthier* over the long term by enhancing cognition
in better-nourished schoolchildren.

One of the less well-researched crops is mungbean
(Vigna radiata), common in many countries of Asia.
Mungbean is a highly nutritious crop, regarded as a
quality pulse for its rich protein content and excellent
digestibility. Although mungbean primarily serves as
a protein source, its high consumption rate and the
improvement of its iron content and bioavailability
render it an important contributor to iron consump-
tion in the South Asian diet [8—10]. In a 1-year feeding
trial conducted among schoolchildren aged 10 to 12
years in southern India, mungbean supplementation
was shown to increase blood hemoglobin values. Chil-
dren receiving supplementation with mungbean dishes
high in bioavailable iron showed greater increases
in hemoglobin (on average +8 g/L) compared to a
group receiving supplementation with conventional
mungbean dishes with low bioavailability (on aver-
age + 3 g/L) supplementation and to a control group
[11]. In Pakistan, production area under mungbean
cultivation has increased from approximately 100,000
hectares (ha) to more than 200,000 ha between 1985
and 2000. In the same period, production increased
sharply, increasing from 50,000 metric tons to more
than 100,000 metric tons in 2000.

Earlier research has shown that the impact of mung-
bean research on consumer and producer surplus
in Pakistan was approximately US$19.7 million net
present value (NPV) [12]—the discounted worth of
research benefits (measured as economic consumer and
producer surplus) less research costs. Since mungbean
is important in diets of South Asians, it is worth asking
what additional impact nutritional research on this
crop may have had.

Methods

Impact assessment of agricultural research is usually
confined to estimation of producer and consumer

* It is also important to note that when micronutrient
intake is sufficient, people may have an enhanced capacity to
overcome diseases such as HIV/ AIDS (6, 7].

surplus. Some studies have attempted to quantify the
health benefits of agricultural research in terms of the
number of “disability-adjusted life years” (DALYs)
gained [13, 14]. However, the DALY approach, which
is a method of combining information about mortality
and morbidity within a single index, has been criticized
on the grounds that it is an inequitable measure of
aggregate ill health [15, 16]. Others have conducted
cost-benefit analyses of nutrition interventions for
anemia [17] or have quantified productivity losses in
terms of gross domestic product (GDP) due to insuffi-
cient iron intake on a national and global scale by using
microlevel studies and extrapolating results [18]. In this
paper we attempt to estimate the size of the relation-
ship between iron intake and productivity outcomes,
and then extrapolate to country level using the results
of our model as well as secondary data sources to esti-
mate the nutritional benefit of improved mungbean
varieties in terms of net present value.

Sample selection and characteristics

The survey was conducted in and around Lahore,
Pakistan. The strata were based on industries employ-
ing female laborers on a piece-rate basis, since in
such industries the productivity of workers has an
observable wage outcome. Women working in those
industries were then selected on a random basis. These
industries included garments, embroidery, sewing,
carpet making, kite making, pharmaceuticals, as well as
cottage industries (such as quilt making, tape making,
hair accessories, nut cracking, and salt crushing).
Approximately 200 women participated in the survey
from June 2001 through February 2002. Of these,
complete data for 134 anemic women are available and
used in the model estimation. The survey was repeated
three times in order to account for seasonal variation
in consumption and wages.

Food consumption

In each of the three survey rounds, food intakes were
measured using the 7-day method for all meals con-
sumed, i.e., breakfast, lunch, dinner, and snacks. Food
intake was recorded for seven consecutive days before
the survey by enumerators, who recorded dishes and
quantity consumed by meal. The person primarily
responsible for preparing the meal was questioned
about dishes prepared and consumed, including the
amount of each ingredient used; this information was
then recorded. Women’s intake of nutrients at each
meal was estimated using the food composition table
for India [19].
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Anthropometry and hematology

Height measurements were taken to the nearest 0.1
cm at the start of the study, using a wooden measuring
board with the woman standing in upright position.
Spring scales were used to measure the subjects’ weight
in light clothing, accurate to 0.25 kg. Hemoglobin
status was measured in the three survey rounds using a
fingertip sample of capillary blood obtained by a physi-
cian using system microlances. Blood was collected in
a microcuvette and analyzed in a laboratory the same
day. The study objectives and data-collection methods
were described to all participants. All women provided
written consent to be included, while those not willing
to participate, either at baseline or at any time during
the study period, were dropped from the sample.
Permission to conduct this study was arranged by the
Punjab Economic Research Institute in Lahore.

Statistical procedures
Productivity effects of iron intake

It is a relatively old idea that at low-income levels there
is a relationship between nutrition and labor produc-
tivity; this hypothesis is known as the Efficiency Wage
Hypothesis [20]. Others [21, 22] have argued that an
increase in caloric intake enables workers to perform
more demanding tasks, expressed in a greater marginal
productivity as measured by wages. Iron is known to
affect the productivity of individuals because it is a
component of the mechanism that transports oxygen
from the lung to the cells, and an increase in iron intake
may also lead to an increase in productivity as meas-
ured by wages. If this is recognized by the market, i.e.,
if local labor markets operate relatively free and higher
productivity is rewarded with higher wages, then better
nutrition should result in higher market earnings, since
workers would either be paid more for a given time unit
of work or they would be able to work in particularly
taxing and rewarding activities, or both [23].

To eliminate the potential problem of reverse causal-
ity, wages and iron intake are simultaneously predicted,
employing a two-stage least-squares (2SLS) estimation
procedure. The semi-log wage equation takes the fol-
lowing form (equation 1).

InW, =0, +7v, +BFe;+y BML: + SHb. +eX,, +¢, (1)

Since the sample was collected over three rounds, a
fixed effect model is estimated, where t indexes time
and 7 indexes the group. In this model, o, is the indus-
try effect and v, is the time effect. Three variables are
considered to be endogenous to the system: iron intake
(FE), body-mass index (BMI), and serum hemoglobin
(HD); each variable can have an impact on productiv-

ity outcome. X is a vector of control variables (age, age
squared, school years, and sick days reported) and € is
the error term. The instrumental variables that are used
to estimate nutrient intake, BMI and blood hemoglobin
level include a dummy each for current pregnancy
and breastfeeding, the number of all children ever
born, household size, per capita income and per capita
replacement value of assets, and a price index each for
cereals, pulses, vegetables, and animal products.

Iron intake is measured as intake of bioavailable
iron (FeBIO), based on the method proposed by [24].
This is estimated based on total iron intake (FeTOT).
Heme iron (FeMFP) is assumed to constitute 40% of
iron from meat, fish and poultry. The enhancing factor
(EF) for a meal is calculated as EF = (M + F+ P) + AA
where M, F, and P are the edible quantities of meat,
fish and poultry (in grams), respectively, and AA is the
intake of ascorbic acid (in mg). If EF is > 75, then EF
is assumed to be 75. To take account of the inhibitory
effects of phytates (PHY), a “correction term” (CT)
(0 < CT < 1) is estimated that gives the proportion of
FeBIO. For PHY < 2.88 mg, CT is defined as 1 (i.e., it is
assumed that there are no inhibitory effects of phytate
intake for such small values). For other values of PHY,
CT is defined by CT = 10 [-0-2869logio(PHY) +0.1295] 'yyhere
log,, is logarithm to the base 10. Assuming that average
body iron stores are 250 mg, the FeBIO can be calcu-
lated, respectively, from the following equation, log,
being the natural logarithm [24].

Feyy, =0.112 Fe, ., +[4 +14.296 log, {(EF+100)/100}]
X CT[Feqyy 0.4Fe,]/100

(2)

Bioavailable iron intake was estimated for each meal,
and then added to obtain daily intakes. Daily intake was
averaged across a week, since food intake was recorded
by 7-day recall.

Present value of research

We quantify the impact of agricultural research on
mungbean by estimating the effect of enhanced iron
intake on overall productivity, and extrapolating
impacts based on secondary production and consump-
tion data of mungbean between 1985 and 1995. The
year 1995 was chosen as the final year of the assessment
in order to make the value comparable to the study by
Ali et al. [12]. Wages were deflated to 1995 constant
dollars, thus, the results include the total cumulative
additional income achieved through productivity
effects, and their value in 1995.

The present value (PV) of enhanced productivity
(AW) due to the enhanced iron content of a modern
variety (MV) of any crop, as opposed to iron con-
sumption based on traditional varieties (TV) can be
estimated based on equation (3). The change in overall
bioavailable iron is given by the vector of bioavailable
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iron consumption (FeBIO) based on the quantity (g)
of modern and traditional varieties consumed in a
given year and the difference in bioavailable iron from
a particular crop in base year 0, and consumption of
total bioavailable iron from all food sources in the base
year, multiplied by the iron intake elasticity on wages
My, and wages W.

2| oo X ™)+ (Fegio x4, )~ (Feyyo xq5™)

PV(AW)= §
! Feyo

an“b' XWO ><.(1-*—1')t

Results

Food consumption

Pulses were found to be an important contributor
to overall dietary iron intake, being the source of
approximately 25% of all iron. The other two major
sources were cereals (50%) and vegetables (20%). Four
different varieties of pulses were consumed: chickpea,
lentils, mungbean, and urdbean. Chickpea was most

frequently consumed (~3 kg per capita and annum),
followed by mungbean and lentils (both at 1.2 kg per
capita and annum), and urdbean (0.4 kg per capita
and annum). This can be explained by the price of the
different pulses, with chickpea being the least expen-
sive at 37 Pakistani rupees (PKR)/kg, followed by 45
PKR/kg for mungbean and lentils, and 58 PKR/kg for
urdbean.* Roughly one-third of all households had
consumed mungbean the week preceding the survey.
Total consumption of pulses was 5.8 kg per capita and
annum.

Anthropometry and hematology

The data show that both energy malnutrition (meas-
ured by BMI) and micronutrient malnutrition are prev-
alent among the studied population. However, anemia
is more prevalent than underweight. Approximately
one-fifth of the sample suffers from underweight
and one-quarter of the sample are obese (table 1). In
contrast, two thirds of the sample suffers from mild
or severe anemia (table 2). These results indicate that
more attention should be directed toward quality,
rather than quantity, of diet.

* The average exchange rate for Pakistani rupees (PKR) in
June 2001 was PKR 63.5 for US$1.

TABLE 1. Anthropometric measurements of study participants

Survey round
1 2 3 Total
N % N % N % N %
Severely underweight
(BMI < 16.0 kg/m?) 8 3.7 8 3.7 7 3.2 23 3.5
Moderately underweight
(16.0-16.9 kg/m?) 18 8.3 17 7.8 12 5.6 47 7.2
Mildly underweight
(17.0-18.4 kg/m?) 16 7.4 15 6.9 25 11.6 56 8.6
Low weight, normal
(18.5-19.9 kg/m?) 30 13.8 39 17.9 34 15.7 103 15.8
Normal weight
(20.0-24.9 kg/m?) 81 37.3 84 38.5 79 36.6 244 37.5
Overweight
> 24.9 kg/m? 64 29.6 55 25.2 59 27.4 178 27.4
BMI, body-mass index
TABLE 2. Hemoglobin values of study participants
Survey round
1 2 3 Total
N % N % N % N %
Severely anemic (Hb 7-9.9 g/dL) 30 13.6 31 14.1 22 10.1 83 12.6
Mildly anemic (Hb 10-11.9 g/dL) 131 59.5 107 48.6 119 54.6 357 54.3
Normal (Hb 12 g/dL and above) 59 26.8 82 37.3 77 35.3 218 33.1

Hb, hemoglobin
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Relationship between iron intake and workers’
productivity

A Lagrange multiplier test indicates that a fixed effect
model is favorable to the classical regression model.
The model is highly significant and the R square is
0.36. The results of a Hausman test indicate that the
hypothesis—that women’s iron intake and blood
hemoglobin values are endogenously determined by
women’s wage level—cannot be dismissed. This does
not hold true for the BMI. Additionally, the piece-rate
wage of women is determined by their education and
age, as well as by their health status (proxied by the days
reported sick in the month preceding the survey). Cur-
rent intake of bioavailable iron has a positive impact
on current productivity, significant at p < .10% level.
The BMI, a proxy for household health investments
made earlier, does not show a significant impact on the
productivity level of women. However, it does have a
negative sign, indicating that obesity (shown to affect
nearly one-third of the sample) has a negative impact
on productivity when measured by piece-rate wages.
See table 3 for a summary of results.

The elasticity of bioavailable iron on productivity
measured in wages is 0.056, the marginal effect is 9.17
PKR per additional mg of bioavailable iron consumed.
The elasticity of blood hemoglobin level on productiv-
ity is higher at 2.347. Levin reports a similar output
elasticity with respect to increases in hemoglobin levels
between 1 and 2 (i.e., a 10% rise in blood hemoglobin
levels would be associated with a rise in work output
of 10% to 20%) [17]. In contrast to these high elas-
ticities, at the sample mean one extra year of school
education for women would result in only 0.7 and 0.8
PKR higher daily wages. This is not to say that educa-
tion for women is not important, but our results also

show that without substantial improvements in health
status and particularly as far as iron-deficiency anemia
is concerned, increases in income and overall wealth of
nations will be difficult to achieve.

Nutritional impact of mungbean research

Over the years, mungbean production in Pakistan has
increased sharply, with an average annual growth rate
of 5.8% between 1984 and 2000. This has resulted in
an increase of annual per capita availability of domestic
mungbean from 453 g to 739 g (total consumption
increased from 1.08 kg in 1984/85 [12] to 1.42 kg per
capita and annum in 1998 [25]. Apart from improved
productivity characteristics, the modern mungbean
varieties also have another, hidden, advantage. These
varieties record 6.0 mg of iron per 100 grams dry
matter, as compared to 3.5 mg of iron for traditional
varieties [11].

Based on equation 3 we can now calculate the benefits
of modern mungbean varieties for enhanced nutrition.
In order to make the estimation of PV comparable to an
earlier study on producer and consumer benefit by Ali
etal. [12], the years 1984 (new mungbean varieties were
released in 1985) to 1995 were used for this analysis. The
production area under modern varieties has grown to
88% in 1995 (we assume linear annual increases of 8.8%
per year). Total iron available from mungbean increased
from 16.64 g/annum in 1985 to 36.97 g/annum in 1995,
as compared to 14.95 mg in the base year. Compared
to total iron intake, the increase in total bioavailable
iron was 0.07% in 1985 and 1.1% in 1995.* Based on

* Based on a total iron intake of 6.7 mg daily for women
in the base year [26] and the assumption that on average 5%
of the iron intake in the diet are bioavailable.

TABLE 3. 2SLS with fixed effects: determinants of wage level (n = 402)*

Coefficient Marginal
(t-value) effect Elasticity Mean values

Hb level(g/dl)? 0.207%*  (3.119) 6.69 2218 10.7
BMI (kg/m2)° ~0.002  (~0.402) ~0.06 ~0.045 22.5
Iron intake (mg)b 0.281* (1.781) 9.09 0.056 0.2
School years 0.024*%*  (3.307) 0.78 0.034 1.4
Age 0.016 (1.578) 0.52 0.496 31.0
Age squared (x107%) —-0.299**  (-2.169) -9.67 —0.323 1.1
Days reported sick —0.018¥** (-3.224) —-0.58 —-0.035 2.0
Constant 0.885 (1.144) 32.7
R? 0.364

F-value 23.09*%*

2SLS, two-stage least-squares; Hb, hemoglobin; BMI, body-mass index

a. Dependent variable is log of daily wages.

b. Endogenous variables: include food prices, household income and assets, household size, number of all children
born, and dummies for current pregnancy and breastfeeding.

c. Not treated as endogenous because of results of Hausman Test.

*p <.10; %*p <.05; **p < .01,



K. Weinberger

292

*(€3[qe1 995) 96070 = JUL (321 9 UT WOIT JO AI[IqR[TRAROI] 046 B SUTUINSSE
pue ‘(£oaIns /861—-6861 HIN) Sw g1 sem porrad aseq ay) 3urinp 1a1p ur uoir sjqefreaeolq ejideds 1od enuue 2103 1ey) uondwnsse oY) UO Paseq I8 G UWN[OD U AJN 0] aNP UOII d[qR[IBABOIQ U SagUey)) v
SOT}OLIBA [RUONIPRI] ‘A T, {SITIOLIBA UISPOW ‘AT ‘saadna tuelsnied “YMd

o 5 m 86T oy _ o X e X
ssania st | SO0 ST x| 0 [ |surexio| suox <2l nes
SL0°01 029°L K¢
SovC 898°T 60€VL S6T°9S LT69TT €96 0651 060070 o L1 8L €LS G661
00€T 986 986G T9TLT 6'G9T°TT 88y L86 ¥£00°0 o g1 0L 1S 7661
10T°1 016 LSTTE €09°€T 05901 'y Nt £500°0 4 €1 L1t wy €661
918 819 685‘0C P6s Sl TS91°01 L0°€ peeT ¥€00°0 o 60 eel 91¢ T661
GET'T 098 906°9C €8€0T 97696 v 8971 €¥00°0 €0 60 961 Sle 1661
STl 1s6 0€8°LT €80°1C 8'GET6 LSV 099°T 1¥00°0 70 80 6¥C 6LC 0661
314 9L1 v6sY 08¥°¢ G056°8 8L°0 860°1 110070 70 S0 61¢C LT 6861
L9T ¢0¢ 69F pege 0°€L9°8 80 866 1000 S0 ¥0 €LT 6v1 8861
19 6vs 965TI TIs6 1'76€8 LTT 9€TT 0€00°0 L0 70 L0¥ 9pl L861
[444 gee SHr'9 £88% €9C1°8 0’1 6601 910070 L0 €0 874 88 9861
002 L91 €6TC 1161 798°L 60 701 £000°0 L0 o 6C¥ |84 G861
L0 00 3°14 0 ¥861

(G661 Juelsuod) (G661 Jueisuod) 0001 Wid Id % AL AN AL AN

$SN 0001 WA 0001 pueISU0d G661
(oTuroue (oTuroue (oruraue (orwroue DIOPfIOM a8ueyd a)e1 agem » AW (Swr) uor (8) uondwnsuod
%09) Ad %0S) Ad | %09) 1JaUdq | 906) Iyouaq |  orewdg | Ayanonpoid | oferoay | 0) anp uoar a[qe[reaeorg ejides 104
SIIou0dy | JTWOU0dg a3erony a[qe[reABOIq
ur sadueyD
(1) (1n) (o1) (6) (8) () () (<) #) (€) (@ (D

$SN pue Y JUBISUOD GET UI YoIeasal uedqdunuu jo Joedwul [PUOLILINU Jo uonedsynuend) v A1V



Nutritional impact of agricultural research on mungbean in Pakistan

293

the elasticity estimate of 0.056, per capita productivity
increases due to enhanced consumption of bioavailable
iron grew from 0.49 PKR per capita and annum in 1985
t0 9.63 PKR per capita and annum in 1995.

The total female workforce in Pakistan increased
from 7.8 million in 1985 to 11.7 million in 1995 [27].
Given that effects of increased iron intake on produc-
tivity can only be observed among anemic individuals,
we considered only the share of the workforce that is
anemic. Estimations are in the range of 50% to 60%
[28, 29]. We use wage data provided by ILO for the
textile industry, an important sector for women’s work
[30]. The data are adjusted by the GDP deflator [31]
and multiplied by the annual additional income per
woman. Discounted at a rate of 5% over the course of
10 years, the cumulative present value in 1995 of this
additional income accrues to 7.6 to US$10.1 million,
depending on the number of anemic women in the
workforce (see table 4).

This quantification does not include reductions
in forfeited productivity due to deficient iron intake
during childhood and youth, which could potentially
be very large, nor productivity losses due to anemia
among the male workforce. These benefits of mung-
bean research are in addition to the total consumer and
producer benefit attributable to mungbean research
that has been estimated at US$19.7 million [12]. This
analysis shows that the additional benefit of mungbean
consumption in terms of enhanced human produc-
tivity is substantial and can be compared to direct
research impacts.

Discussion

Quantifications of productivity losses due to iron
deficiency range from 5% to 17% among agricultural
laborers in India [32] to 17% losses in heavy labor and
5% losses in blue-collar work [18, 33]. Cognitive losses
in children due to iron deficiency anemia have been
estimated at US$4 per capita [34]. For economies as a
whole, overall losses have been estimated at between
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0.9% and 1.25% of gross domestic product (GDP) [18,
33]. Combating micronutrient deficiencies is therefore
not only a goal in itself, but is also an important means
to decrease poverty in developing countries.

This study has shown that the nutritional impact
of agricultural research, measured in productivity
increases of population groups deficient in micro-
nutrients, is substantial. In the case studied here,
they amounted to between US$7.6 and 10.1 million,
approximately half of total consumer and producer
surplus estimated for the crop. The approach presented
here can be adapted for other crops to enable assess-
ments at the macro level. For the assessment of the
impact of agricultural research on the nutrition status
at the micro level, the quality and reliability of data
remains a question of major concern. The collection of
anthropometrical data, the most reliable indicator for
success, is expensive, as are food-intake recall variables.
Some progress has been made in linking dietary diver-
sity to overall food intake [35]. Another approach is to
link attitude toward and knowledge about vegetables
to their actual intake.

Agriculture certainly plays an important role in the
reduction of malnutrition. Agricultural research has
greatly contributed to the reduction of hunger and
starvation by providing millions of hungry people with
access to low-cost staple foods. Now, as the challenge
becomes the reduction of micronutrient deficiencies,
more efforts must be directed toward crops high in
micronutrients, such as pulses and vegetables. High-
lighting and measuring linkages between agriculture
and nutrition will certainly become even more impor-
tant in the future.
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Commentary on “Assessment of the nutritional impact of agricultural
research: The case of mungbean in Pakistan"”

The article by Weinberger [1] makes a contribution to
the literature on cost-benefit analysis of agricultural
and nutrition projects, focusing on quantifying the
possible impact of improving the iron content of a
particular crop on iron consumption, iron nutriture,
and thus, economic productivity. The value of this type
of analysis is that it demonstrates the significant poten-
tial impact that a small change in the micronutrient
content of the food supply may have, and it emphasizes
the important point that biofortification as a focus of
agricultural research can be interpreted not only as an
agricultural, but also as a nutrition intervention.

The conclusions of this paper rest on a series of
assumptions that are plausible, but should be recog-
nized as such. The logical sequence is as follows. An
improved variety of a staple crop (in this case, mung-
bean) is introduced; because it offers higher yields (the
iron content was an unintended side effect of breeding
for yield), farmers adopt this new variety. The new vari-
ety finds its way to the market, and it is purchased by
households with members vulnerable to iron deficiency
anemia. The food is consumed (at least in part) by
those suffering from iron-deficiency anemia, and this
raises their blood iron levels. Their higher iron results
in greater physical and mental capacity, and this leads
to greater economic productivity. Each of these links in
alogical chain depends on certain assumptions: uptake
by farmers, marketing to consumers, purchase and
consumption by those suffering from iron deficiency,
improvement in iron nutriture. For these improve-
ments to be translated into economic contributions, in
the present analysis, the (previously) anemic individu-
als must also participate in the paid labor force.

These assumptions are laid out in the present paper,
and well justified with reference to the wider literature,
but not clearly quantified in the Pakistan case. We don’t
see disaggregated purchase or consumption data at the
household/individual level that would allow verifica-
tion of the assumption that the households choosing
to purchase mungbean are those in which there are
anemic individuals who are in the labor force (or could
be if they were healthier). Mungbean is more expensive
than the least expensive pulse, chickpea, and might be
less likely to be chosen by poorer, more price-sensitive
households whose members may also be more vulner-
able to anemia. In the survey reported here, one third
of households had consumed mungbean the previ-
ous week, and two thirds had not. We don’t know if
those reporting consumption are the households with
anemic individuals. Results of the analysis show that
iron intake is weakly related to wage levels among
anemic women, while hemoglobin is more strongly

related. (It is possible that the effect of iron intake is
underestimated in this analysis because hemoglobin,
presumably an outcome of iron intake, is included in
the same equation—some of the effect of iron intake
may be captured in the parameter for hemogobin.)
Mungbean is one likely contributor to iron intake and
thus to improved hemoglobin, but not the only one.
To gauge the contribution of improved mungbean to
iron status and thus productivity (wages) directly, one
would ideally want to know patterns of consumption
in vulnerable households, and, equally important, pat-
terns of substitution among foods that contribute iron
to the diet. If mungbean substitutes for a food with
lower iron content (including the traditional lower-
iron mungbean variety), then it should raise total iron
intake; if it substitutes for other good iron sources, the
impact may be neutral (or even negative).

The use of instrumental variables to correct for
endogeneity is commonly accepted in the econometric
literature. Endogeneity exists when the causal relation-
ships between the independent variables (iron intake,
hemoglobin) and the dependent variable (wages) are
bi-directional. Iron status determines wages (through
its effect on productivity), but wages may determine
iron status (by allowing the purchase of a better diet).
In the present analysis, both iron intake and hemo-
globin level are included in the key wage—determina-
tion regression as instrumented variables, that is, they
are estimated based on a predictive equation, and it is
the predicted, not the actual, values that are included
in the regression on wages. It is helpful, in interpreting
the results of analyses that correct for endogeneity in
this way, to know the strength of the predicting equa-
tions, but that information is not provided here. Fur-
thermore, it is not clear that all the variables included
in the equations predicting the endogenous variables
are uncorrelated with the error term in the wage equa-
tion (a key assumption underlying the instrumental
variables approach). In particular, variables such as
per capita income and household assets, included in
the predicting equations, would seem on the face of it
to be closely related to wages. If this is the case, then
the parameters on the endogenous variables are both
biased and inconsistent—that is to say, we cannot rely
on the accuracy of these results. Of course, the use of
instrumented variables for iron intake and hemoglobin
also takes this analysis one step further away from the
direct assessment of the contribution of iron specifi-
cally from mungbean to the iron status of the popula-
tion studied.

The major contribution of a paper like Weinberger’s
is to provide a reasonable estimate of the potential
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economic contribution of an intervention like the
development of a biofortified food. The paper per-
suasively argues that the potential for an agricultural
intervention to contribute to the economy may be
realized not only through increased yields and farmer
income, but also through its health and nutritional
impacts, and it gives a plausible estimate of the pos-
sible magnitude of the contribution. In this sense, the
paper is not so much a direct evaluation of the precise
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quantitative contribution of improved mungbean to
the economy of Pakistan as it is a contribution to the
wider literature on the assessment of cost/benefit ratios
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Women's access to food-processing technology at the
household level is associated with improved diets at the
pre-harvest lean season in The Gambia

Irma Silva-Barbeau, Stephen G. Hull, Marilyn S. Prehm, and William E. Barbeau

Abstract

Background. Women'’s access to food processing technol-
ogy at the household level may have positive dietary ben-
efits during the pre-harvest lean season when households
are most stressed from food shortages and higher energy
expenditures from agricultural work.

Objective. This study in rural Gambia was conducted
to determine if women’s access to small manually oper-
ated oil presses (ram) for sesame oil extraction had any
significant effects on seasonal fluctuations of household oil
supply and on dietary intakes of women and children.

Methods. Participants were 40 women and children
with access to community-based motorized oil press
expellers (Expeller-control), 37 women and children with
access to village-based ram presses (Press-experiment),
and 43 women and children with access to both ram
press and motorized expeller (Combination). Dietary
data were collected at baseline, at peak oil-pressing, at
pre-harvest lean, and at the post-harvest seasons.

Results. Households in the Press-experiment and
Combination groups consumed 37 and 51 percent more
oil, respectively, than those in the Expeller-control group
during the pre-harvest lean season. Women from the Press-
experiment and Combination groups consumed more
energy at the lean season than those in the Expeller-con-
trol group. Similarly, children from the Press-experiment
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and Combination groups consumed more protein at
peak oil-processing season than those from the Expeller-
control group. At the pre-harvest season children from
these two groups also consumed more protein, however,
only the consumption of the Combination children was
statistically significant compared with that of the Expel-
ler-control group (p < .05). Press-experiment children
consumed more nutrient-dense weaning foods during the
pre-harvest lean season than Expeller-control children.

Conclusions. Women’s access to appropriate technol-
ogy can provide the means to “add value” to their agricul-
ture product, which may serve as an economic stabilizer
with potential to increase dietary intakes and incomes,
especially during the pre-harvest lean season.

Key words: Women, ram press, food processing
technology, economic stabilizer, pre-harvest lean season,
dietary intakes, The Gambia

Introduction

Seasonal fluctuation in household food supply is well
documented throughout West Africa [1-3], and The
Gambia is no exception. The cyclic pre-harvest lean
period occurs for many reasons, but is principally due
to low household food supplies resulting from depleted
food stores from the previous year’s harvest and limited
nonfarm employment opportunities, resulting in little
income to purchase food. There is usually an increased
incidence of malnutrition among children and adults
during this period due to unmet dietary energy needs,
coupled with the heavy labor demands of agricultural
work and illness [3-10].

The National Nutrition Surveillance Program of
the Gambian Ministry of Health estimates that in the
dry and rainy seasons, respectively, 12% and 18% of
Gambian children are malnourished. Children in rural
parts of the country do not fare as well as their urban
counterparts as indicated by a higher infant mortality
rate, lower average daily energy consumption, a higher
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percentage of kilocalories (kcals) from cereals, and a
lower percentage of kcals from oil [11].

Catholic Relief Services (CRS) introduced sesame
seed cultivation to women’s groups in The Gambia
in 1983 with the primary objective of increasing the
household supply of cooking oil. Sesame production
quickly became popular because it required minimal
labor as compared with groundnuts, it was drought
resistant, and could be planted after early millet and
maize thus spreading out labor [12]. Sesame is prima-
rily a woman’s crop with production driven by an inter-
est in processing the seed for oil that can be consumed
or sold on the local market [13].

CRS installed 16 diesel-powered oil expellers at
the community level between 1983 and 1989 [12] in
hopes that sesame oil would provide a much-needed
additional source of dietary energy. However, by 1993,
10 expellers were out of service because of mechani-
cal failures. Gambian women reacted to this crisis by
planting less sesame.

One promising solution to the problem was the
introduction of locally manufactured ram presses,
which were being promoted in the region by their
developer, Enterprise Works Worldwide (formerly
Appropriate Technology International, ATI). The
ram press (fig. 1) is a relatively inexpensive* manual-
powered device for extraction of edible oils that can
be manufactured and repaired in rural workshops,
and can be made available at the household level [14,
15]. The ram press was made available to the women
sesame growers through the Sesame Growers Associa-
tion (SGA) with the overall aim of helping to alleviate
seasonal fluctuations in household food supply and
increase and improve dietary intake of women and
children in rural villages through stimulation of the
sesame crop cultivation. The hypothesis was that a
simple readily accessible press, under the women’s
control, would contribute to greater availability of
edible oils for household consumption and for sale that
would, in turn, stimulate greater sesame production.

To test the effects of the use of such a press on the
dietary intake of women and children, the Small-
Scale Sesame Oil Production Project was undertaken
in 1994.

Methods

Ram press placement, training, and implementation
procedures

The Small-Scale Sesame Oil Production Project was

* Estimated current price of a locally manufactured
ram press is about $300.00. The estimated current price
of a motorized expeller is about $4,000 (Enterprise Works
Worldwide).

FIG. 1. Gambian woman using a ram press to extract
sesame oil

implemented in several phases. In December 1994,
a CRS technician trained workers in four machine
shops in The Gambia in manufacturing of the ram
press. To test the potential use of the ram press for
sesame, CRS provided 16 imported Tanzanian presses
for 20 different user groups in 16 villages in The
Gambia [16]. The participants in this initial field test
were individuals and groups selected in conjunction
with SGA leadership and CRS. ATT staff made several
monitoring trips in February and April 1995 to oversee
press operations and to evaluate overall functioning
of the presses. In July 1995, 40 villages located in the
Northern Bank Division of The Gambia were selected
to receive presses.

In October 1995, after CRS and the Gambia Food
and Nutrition Association (GAFNA) field visits, 80
women sesame growers with preschool children from
these 40 villages were selected to participate in the
study. The 40 presses were placed in the study villages
in February 1996 and participants were trained in the
use and maintenance of the ram presses.

Pilot study

A pilot study was conducted in May 1995. For the pilot
study, the principal investigators, in collaboration with
CRS and GAFNA staff, developed a preliminary ques-
tionnaire. Common household cooking and feeding
utensils (including handfuls™) of women and children
were standardized to gram weight measurements



Food processing technology and improved diets in The Gambia

299

for the types of foods consumed. A list of Mandinka
and Wolof food names with their English equivalents
was developed to facilitate recording of dietary data.
Standardized recipes were developed for all commonly
consumed food mixtures [16]. A codebook containing
weight measures was developed to facilitate coding of
the dietary data in the nutritional analysis program,
Nutritionist IV.

GAFNA conducted the pilot study in 10 villages
to test and refine the survey instruments and to give
the field staff the experience necessary to conduct the
study. These villages were outside of the actual study
area and were divided into two groups: press villages,
those where the initial testing of the ram press took
place, and non-press villages, those without sesame ram
presses. A sample of 40 women with preschool children
between the ages of 1 and 5 years participated in the
pilot study. These women were selected for a socioeco-
nomic status and ethnic background similar to those
that would participate in the actual study. GAFNA
analyzed the pilot study data, and the investigators
used the results to refine the final questionnaires and
procedures for the actual study [16].

Study design

A conceptual framework was developed that hypoth-
esized the various pathways through which a readily
accessible oil-pressing technology would increase
sesame production and improve dietary intakes of
women and children directly through oil consumption,
and indirectly through incomes increased by the sale of
oil and sesame cake. A detailed conceptual framework
is discussed and presented elsewhere [17].

The study was conducted in 52 villages of the North
Bank Division of The Gambia in an area of rice and
peanut cultivation. These villages were chosen because
of their similar agro-ecological characteristics (i.e.,
farming systems, farming practices, amount of rainfall,
soil productivity, etc.). The study participants were
women sesame growers with children between 1 and 5
years of age. The research design consisted of a control
group (those with access to the motorized oil expeller
(Expeller-control), and an experimental group (those
with access to the ram press (Press-experiment.) Press-
experiment subjects were recruited from 32 villages
that had received ram presses in early 1995. The Expel-
ler-control subjects were recruited from 20 villages
from the same area as the Press-experiment villages.
The Expeller-control subjects had access to functional
motorized oil expellers but not to ram presses. The
Virginia Polytechnic Institute and State University’s
Institutional Review Board (IRB) for Human Subject

" In this culture, people customarily eat with their hands;
therefore, it was necessary to standardize the amount of food
in each handful.

Research reviewed and approved this study.

To ensure the possibility of finding statistically sig-
nificant differences between groups, if indeed there
were any, sample sizes were determined using power
analysis. The results of a fortified weaning food study
in Mali [3] were used to direct the power analysis. For
this study, a control group of 40 women with preschool
children (aged 1 to 5 years) and an experimental group
of 80 women with children (aged 1 to 5 years) were
selected.

Two groups of women were recruited: the Expeller-
control group (domestic sesame growers with children
from ages 1 to 5 years of age, members of SGA, and
using a motorized expeller for processing oil) and the
Press-experiment group (domestic sesame growers with
children from ages 1 to 5 and members of SGA with
no access to a motorized expeller). The final sample
consisted of 40 women sesame growers with motorized
expellers who made up the Expeller-control group, and
80 women sesame growers with ram presses who made
up the Press-experiment group. All women participants
in both groups were required to have the means to keep
records and permission to participate in the study from
their husbands or other influential members of their
respective households. Often literate schoolchildren
from the household kept the records for the women
when they themselves could not. Since an individual
household sometimes contained two or more eligible
women, one woman was chosen randomly and was
designated as the “target woman” and her preschool
child was designated as the “target child.” If she had
more than one child aged 1 to 5 years, then one of them
was randomly selected to be the “target child.”

Monitoring and qualitative evaluation of oil pressing

All women in both groups were trained initially on how
to keep records regarding the quantity of sesame seeds
they pressed, and the amount of oil that was extracted.
The administrative members of the SGA periodically
monitored the record keeping. In addition to this,
women were asked to participate in a post-pressing
village-based qualitative evaluation of the ram press
and benefits of the press versus the expeller. Areas of
the evaluation included manufacturing and operation
of the press, what women liked and disliked about the
press (e.g., heaviness, limited capacity, speed and pre-
heating time), and benefits and trade-offs (e.g., health
benefits, use of sesame oil and cake, replacement of
sesame oil for peanuts in different dishes, making of
soap, residue for fertilizer, and animal feed). Areas of
comparison regarding the press and expeller were the
women’s time, cost of fees to use the press, convenience,
labor demands, and the like. The results of the evalu-
ation of the manufacturing and operation of the press
were fed back to the manufacturer to make the neces-
sary ergonomic adjustments so the ram press would
work better for women and be more specific for sesame
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seed. The full results of this evaluation are presented
elsewhere [18].

Research instruments and data collection

Results from the pilot study were used to revise the
questionnaire. A protocol was developed to guide
data collection and ensure that data were collected in
a precise manner. The questionnaire was designed to
identify key direct and indirect benefits of the ram press
suggested by the conceptual framework.

Research instruments were pre-tested in The Gambia
during the pilot study. Enumerators were trained in
November 1995 on the proper procedures for collecting
the data. A Gambian Nutrition Specialist closely super-
vised all data collection. Baseline data were collected in
December 1995 during the post-harvest season. After
establishing a baseline, data were collected three times
in the following year; in March, August, and December.
These times corresponded to peak oil-pressing season
(January to April with the month of March being the
peak pressing month), the pre-harvest lean season (July
and August), and the post-harvest season (December).
There are no differences in the length of seasons among
villages in the North Bank Division of The Gambia,
where the study was conducted.

The questionnaire was composed of seven sections.
Section A was distributed only at baseline and was
designed to obtain basic descriptions of the house-
holds, women, and children. Section A also gathered
further information on household profiles, including
data on the number of households in the compound,
the number of individuals in the household, the
relative wealth of the households, and the source,
quantity, and quality of the household water supply.
A detailed description of each household member was
also obtained, which included name, age in years, sex,
and relationship to the household head. This profile
of the household was updated at each subsequent
data collection period. The households were ranked
as to their relative wealth. The wealth rankings were
obtained by convening a meeting of three key inform-
ants to determine the criteria for wealth ranking. The
criteria established were based on: 1) the household’s
ability to produce enough food for their families
throughout the year, 2) the household’s access to labor
and farm machinery, and 3) the household’s involve-
ment in non-farm activities, such as petty trading
and salaried employment and the number and kind
of livestock owned. The key informant in each vil-
lage ranked each household participating in the study
on a scale from 1 (poor) to 5 (rich) relative to other
households in the village.

Information on target women included age, marital
status, ethnic background, education, use of the near-
est health center, and a description of her agricultural
activities. Information on target children included
date of birth from the infant birth card, birth weight,

and sex.

Section B of the questionnaire dealt with health-
related issues of the child and mother. Information
such as the child’s weaning status, incidence of diarrhea
in the last 2 weeks, incidence of illness in the last 7 days,
the woman’s enrollment in the health and nutrition
supplement program was obtained, as well as infor-
mation on her reproductive status. This section also
gathered anthropometric data on women and children,
and these results are presented elsewhere [19].

Sections C, D, E, and F of the questionnaire attempted
to obtain detailed information on the food availability
of the household, and the food consumption of the
women and children.

Household oil consumption and food availability

Household oil consumption patterns in the previous
seven days were obtained, as were data on per-annum
household oil availability and purchasing patterns.
Women responsible for household food preparation
were asked to report all foods and amounts prepared
for the household on the previous day.

24-hour recall

During the pilot study, methodology for collection of
food recall was standardized as described in the pilot
study. Women were asked to report the amounts of all
food items that they consumed in the previous day.
Children’s consumption was always obtained in the
same manner from the child’s primary care giver. Two
nonconsecutive 24-hour recalls were used to obtain
food consumption data because it has been determined
that a precision equal to that of a 1-day weighted food
intake survey could be obtained with two 24-hour
recalls at a much lower cost [20]. Ferguson et al. [21],
and Villard and Bates [22] in The Gambia, reported
similar results.

Food frequency questionnaire

A food frequency questionnaire was designed to ascer-
tain each target child’s pattern of consumption of oil
and protein-rich foods. The food frequency question-
naire had been previously pre-tested in The Gambia
[16] and used in Mali [3]. The target child’s primary
caregiver was asked to report the frequency of foods
consumed by the child in the previous 4 weeks. The 27
food items included in the food frequency question-
naire were grouped into the following categories: high
fat/high protein foods, nutrient-dense weaning foods,
nutrient-dense table foods, low-calorie weaning foods,
milk, and other snack foods.

Data analysis

Shortly after initiation of the study, we observed that
some women who had been assigned to the Press-
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experimental group were also using the motorized
expellers. We addressed this in the data analysis by
treating them as a separate group, and we refer to
them as the Combination group. To ensure that the
groups remained separate and distinct throughout
the study, SGA monitors were vigilant in making sure
that there was no additional crossover from the Press
to the Combination group. This gave us a total of 40
mother-child pairs in the Expeller-control group, 37 in
the Press-experiment group, and 43 in the Combina-
tion group.

Dietary data were analyzed using Nutritionist IV
software to calculate amounts of macronutrients (total
kcal, grams of protein, carbohydrate, and fat) and
micronutrients (ug of B-carotene) in the diet. Gambian
foods that were not in the Nutritionist IV database
were added using macro and micronutrient values for
these foods reported by the USDA [23] and FAO [24].
Results reported by Hudson et al. [25] and Hudson
and Day [26] were used to estimate nutrient values for
millet, sorghum, and maize prepared by three cooking
methods commonly used in The Gambia. Values for
B-carotene (expressed in retinol equivalents) content
of foods were added using results obtained by the FAO
[24], Villard and Bates [22], King and Burgess [27], and
McCrae and Paul [28].

The household availability of all nutrients and oil
was adjusted for age and sex using adult equivalents
derived from the daily energy requirements reported in
Energy and Protein Requirements (FAO/WHO) [29].
The adult equivalents used for this analysis were similar
to the results obtained by Hudson [30] in The Gambia,
who developed an algorithm based on body weight to
estimate the distribution of food within a mixed sex
and age group. Hudson concluded that this was likely
to be appropriate in most circumstances. Adult equiva-
lents have been used extensively to report household
measures on a per-capita basis that is adjusted for age
and sex [31-34].

In a similar manner, each child’s intake of nutrients
was adjusted for age and sex using consumption units
based on the daily average energy requirements estab-
lished by FAO/WHO [29].

The SAS software package was used to calculate
means and SDs of dependent variables. Due to the
seasonal nature of the data, statistical significance at
p < .05 was determined by repeated measures analysis
of variance (RMANOVA) when appropriate. Otherwise
statistical significance was determined by the ANOVA
method. Because of unequal sample sizes, significant
differences between group means were determined
using the Behrens-Fisher procedure and tables of the
Studentized range.

Results

General characteristics of the study population

There were no statistically significant differences in
major parameters regarding the households, women,
and children at the baseline. Women had a mean
age of 29 years, most were in a polygamous mar-
riage, and were equally distributed among the Wolof,
Mandinka, and Fulani groups and living in similar
compounds and household sizes. The majority of the
women had attended some type of school for at least
three years (table 1). There were no differences in the
types of crops that they grew, with the exception of
white sesame. CRS had introduced white sesame in
the early 1990s* as a cash crop for export and for the
manufacture of confections. The black sesame was for
local consumption as oil. More women in the Expeller-
control group were growing white sesame than those
in either the Press-experiment or the Combination
group. Similarly, more women in the Expeller-control
group were engaged in income-generating activities
than those in the Press-experiment and Combination
groups (table 1). These differences were statistically
significant at p < .05.

Conversely, more women in the Press-experiment
group were ranked “wealthier” than those in the Expel-
ler-control or Combination groups. This difference was
statistically significant (p < .05). The higher wealth
ranking for the Press-experiment group is reflected in
this group, which had a statistically significant (p <.01)
greater number of heads of cattle in their households
than the other two groups (table 1).

At baseline, the mean age of the children participat-
ing in the study was 24.2 months. The children were
distributed almost equally between sexes with 57 boys
and 63 girls. Over 55% of children had already been
weaned, with the remainder consuming a mixed diet
of breast milk and weaning foods. Women reported
breastfeeding their children an average of 8.3 times
per day. There were no significant differences between
groups in any of these measures. Over half (55.8%)
of the women reported that their child had been ill in
the past seven days before the survey. Children in the
Expeller-control group were reported to be ill more
frequently than those children in the other two groups.
This difference was statistically significant at p < .05.
Fever and malaria were the most common illnesses
reported by all three groups. At baseline, the children
had a mean weight-for-height z score (WHZ) of —0.66
* 1.60; weight-for-age z score (WAZ) of —1.48 £ 1.34;
and height-for-age z score (HAZ) of —1.5 + 1.5 with

* The introduction of white sesame was part of a package
of strategies that CRS was experimenting with to respond to
the decline in cultivation of black sesame because of problems
with access to functional and dependable oil presses.
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TABLE 1. General characteristics of the study population at baseline

Variable Expeller-control Press-experiment Combination
Mother/child pairs (no.) 407 37 43
Households in a compound (no.) 2.10 + 1.46" 1.95+1.35 1.65 £ 1.31
Household size (no. of persons) 14.25 + 8.57 15.05 +9.21 14.42 +7.18
Household wealth rankings (1 to 5 scale) 2.28 £1.32 2.86 £ 0.82* 2.52£091
Women growing black sesame (no.) 25 (20.8)°¢ 24 (20.0) 31 (25.8)
Women growing white sesame (no.) 17 (14.2)% 8 (6.7) 4(3.3)
Heads of cattle per household (no.) 1.53 £2.94 3.57 + 5.03** 1.00 £ 2.81
Women involved in income generating 22 (18.3)*** 8(6.7) 9(7.5)
activity (no.)
Mothers’ ages (yr) 29.68 £6.98 29.24 + 6.64 27.65+7.17
Mothers who attended some type of 13 (10.8) 13 (10.8) 15 (12.5)
school (no.)
Mothers’ schooling (yr) 3.46 £1.81 2.15£0.69 3.33£2.64
Mothers’ enrollment in the GAFNA/CRS 19.61 +7.88 18.42 + 6.49 18.71 £ 5.49
Food Program (mo)

a. Sample size determined based on power analysis with similar anticipated effect size.

b. Mean + SD.
c. Frequency (percentage of total reporting).
*p <.05; %*p <.01; ***p <.001.

no statistically significant differences among the three
groups [19].

Household oil consumption and kcal availability

Press-experiment and Combination households
reported that they had sesame oil available for a
longer period after the peak oil-pressing season than
did the Expeller-control households. These differ-
ences, however, were not statistically significant. At
the pre-harvest lean season, the Press-experiment
and Combination households consumed 37% and
51% more oil, respectively, than the Expeller-control
households. Throughout the year, Press-experiment
and Combination households consumed more oil than
Expeller-control households (p < .08).

Mean adult equivalent availability of kcals at the
household level was highest at baseline (post-harvest
before intervention) and in the subsequent post-har-
vest period after intervention. It was lowest during
the peak oil-pressing season in the month of March

(table 2).

Macronutrient intake of target women

At baseline, there were no significant differences in
energy consumption among the three groups (table 3).
Although there was no group effect, the Press-experi-
ment and Combination women consumed more kcals
than the Expeller-control women at all other seasons
and especially at pre-harvest, resulting in a highly sig-
nificant seasonal effect (p < .001), and seasonal group
interaction (p <.0001).

Similarly, there were no significant differences in the
protein intake of women in the three groups at baseline

(table 3). After baseline, however, the Press-experiment
and Combination women consumed more protein
at other times of the year than the Expeller-control
women with a significant difference at the peak oil-
pressing season and pre-harvest (p < .05). At pre-har-
vest, the Press-experiment and Combination women
consumed 35.0% and 31.4% more protein than the
Expeller-control women.

Fat intake of women in all three groups fell dra-
matically at the pre-harvest lean season (table 3). The
Press-experiment and Combination women consumed
35.2% and 47.8% more fat at the pre-harvest lean
season than the Expeller-control women. The seasonal
group interaction was highly significant (p <.0001).

Macronutrient intake of target children

At baseline, the Expeller-control children consumed
more kcals than the Press-experiment and Combina-
tion children, but kcal differences were not statistically
significant (table 4). Afterwards, the trend was reversed
and the Combination and Press-experiment children
consumed more kcals than the Expeller children at
all other seasons. According to RMANOVA, there
was a strong seasonal effect on the energy consump-
tion of target children (p < .0001), but no significant
group effect.

Children’s protein intake followed a seasonal pattern
similar to that of energy intake (table 4). At the pre-
harvest lean season, the Press-experiment and Com-
bination children consumed 24.1% and 32.8% more
protein respectively than the Expeller-control children.
The difference between the protein intakes of the
Combination group children and the Expeller-control
children were significant at p < .05. The Combination
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TABLE 2. Kilocalories available to households (per adult equivalent) across seasons (mean + SD)®

Group Baseline Peak oil-pressing Pre-harvest Post-harvest
Expeller-control (n = 39) 3,262 + 1,636 2,286 £ 816 2,859 + 1,418 3,399 £+ 1,327
Press-experiment (1 = 30) 3,725+ 2,172 2,402 + 967 2,971 + 1,673 3,619 + 1,520
Combination (n = 40) 4,119 £ 1,758 2,504 £ 1,077 3,402 + 1,851 4,214 £ 1,887

a. Repeated measures analysis of variance (RMANOVA); significant seasonal effect p < .001; no statistically significant group

or season*group interaction effect.

TABLE 3. Women’s consumption of kilocalories, protein, and fat across seasons

Kilocalorie intake (mean + SD)*

Group Baseline Peak oil-pressing Pre-harvest Post-harvest
Expeller-control (n = 38) 2,622+ 781 2,065 £ 552 1,808 + 498 2,441 + 686
Press-experiment (1 = 30) 2,560 £ 1,120 2,556 + 641 2,276 £ 603 2,598 + 535
Combination (n = 39) 2,155+ 747 2,398 + 596 2,312+ 935 2,469 + 544
Protein intake (g); mean + SD**
Expeller-control (1 = 38) 97.2+31.4° 86.5 + 8.5" 67.2+19.9 97.9 +30.7¢
Press-experiment (1 = 30) 98.3 £50.1¢ 122.2 +£37.5¢ 90.7 £24.97 107.6 = 23.8%
Combination (n =39) 84.1+30.9¢ 101.6 + 34.4¢ 88.3 +34.0¢ 98.2 +25.1¢
Fat intake (g); mean = SD***
Expeller-control (n = 38) 101.2£39.7 76.5+29.9 51.0£23.5 101.1 £ 40.5
Press-experiment (1 = 30) 94.0 £ 45.2 97.9+37.7 68.9 £25.3 99.8 £27.9
Combination (n = 39) 82.8+31.1 100.4 £ 34.6 75.4+39.8 95.3+31.3

%t

% Group effect was not significant; seasonal effect was significant at p < .0001; season*group interaction was significant at

Group effect was not significant; seasonal effect was significant at p < .001; season*group interaction was significant at p

<.0001.

Group effect was significant at p < 0.01; seasonal effect was significant at p <.0001; season*group interaction was significant

at p <.001. Means in the same column followed by different superscripts are significantly different at p <.05.

p < .001.

TABLE 4. Children’s consumption of kilocalories, protein, and fat across seasons

Kilocalorie intake (mean + SD)*

Group Baseline Peak oil-pressing Pre-harvest Post-harvest
Expeller-control (n = 39) 1,322 + 588 978 = 405 978 + 441 1,239 + 393
Press-experiment (n = 30) 972 £ 450 1,279 £ 597 1,093 + 506 1,417 + 404
Combination (n =40) 1,013 + 462 1,407 £ 637 1,233 + 549 1,421 + 418
Protein intake (g); mean + SD**
Expeller-control (1 = 39) 42.9+19.1¢ 33.6 +16.4° 32.3+15.7° 44.1 £ 16.5°
Press-experiment (n = 30) 33.1+16.9¢ 52.9+26.8¢ 40.2 +18.8% 53.2+15.1¢
Combination (n = 40) 35.8+t17.2¢ 52.5+£27.8° 43.0+17.8° 50.7 £ 14.87
Fat intake (g); mean = SD***
Expeller-control (1 = 39) 42.4126.2° 28.9+18.1° 23.4+13.9" 47.4 £26.2¢
Press-experiment (n = 30) 31.8£18.5¢ 48.9+31.8¢ 29.2 + 17.44 55.2 £ 19.67
Combination (n = 40) 35.9 £26.1¢ 54.3 £33.6% 36.5 +25.67 52.7 £19.97

*

** Group effect was significant at p < 0.05; seasonal effect was significant at p < .0001; season*group interaction was significant

*** Group effect was significant at p < .05; seasonal effect was significant at p < .0001; season* group interaction was significant

Group effect was not significant; seasonal effect was significant at p <.0001; season*group interaction was significant at p

<.0001.

at p <.0001. Means in the same column followed by different superscripts are significantly different at p <.05.

at p <.0001. Means in the same column followed by different superscripts are significantly different at p < .05.
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and Press-experiment children’s fat intakes were signifi-
cantly different from those of the Expeller-control chil-
dren at the peak oil-pressing season (p < .05), however,
at the pre-harvest lean season only the Combination
children’s fat intakes were significantly different from
those of the Expeller-control (p < .05).

Vitamin A intake of women and children

Vitamin A intakes are shown in tables 5 and 6 for
women and children, respectively. Women from all
three groups consumed the greatest amounts of vita-
min A at baseline (post-harvest before intervention)
and at the post-harvest season (after the intervention),
and the least amounts at the pre-harvest lean season.
This seasonal effect was highly significant at p < .001.
After baseline, vitamin A consumption of the Expeller-
control women fell and remained lower than the other
two groups for the rest of the study period. This season
group interaction was significant at p < .01.

Children’s vitamin A consumption followed the
same seasonal pattern as that of their mothers. At pre-
harvest, Press-experiment and Combination children
consumed 27% and 22.4% more vitamin A than the
Expeller-control children. These differences were not
significant; however, the season group interaction was
significant at p < .05.

Children's consumption of foods rich in protein
and fat

During the pre-harvest lean season, Press-experiment
and Combination children consumed more frequently
22 out of the 27 foods included in the food frequency
questionnaire than the Expeller-control children. The
Press-experiment children consumed more frequently
four of the high fat/high protein foods (eggs, meat,
fish, and butter) than did the other two groups, while

the Combination children consumed more frequently
two of the high fat/high protein foods (roasted ground-
nuts [peanuts] and mafe jaro [dried fish]). The Press-
experiment children most frequently consumed all five
nutrient-dense weaning foods with significant differ-
ences for churah gerteh (gruel of rice and groundnuts
p <.0001), mono (millet flour porridge), and ground-
nut paste (p <.0001), and sesame paste (p < .05). The
Combination children most frequently consumed five
out of six nutrient-dense table foods with significant
differences for benachin (rice with vegetables, fish, or
meat, p <.05), nyakatango (boiled rice and groundnuts,
p <.04), and palm oil fish stew (p <.001). The Expel-
ler-control children least frequently consumed all high
fat/high protein foods, nutrient-dense weaning foods,
and nutrient-dense table foods. The Expeller-control
children more frequently consumed (two out of five)
high moisture/low-calorie weaning foods with the dif-
ference for cherreh (millet flour and water) significant
atp <.05.

Discussion

The results of this study show that seasonal fluctuations
in food consumption continue to exist in rural villages
in The Gambia. These seasonal fluctuations followed
the expected trends of highs at the post-harvest season,
and lows during the pre-harvest lean season. The
energy intakes of women in this study followed this sea-
sonal trend; however, current intakes were considerably
higher than those obtained by Prentice et al. [35]. This
may have been due to the high enrollment of women
in the Gambian Agricultural Food and Nutrition
Association/Catholic Relief Services (GAFNA/CRS)
supplementation project (table 1).

At the pre-harvest lean season, women and children
in the Press-experiment and in the Combination

TABLE 5. Women’s vitamin A (RE) intake across seasons (mean + SD)“

Group Baseline Peak oil-pressing Pre-harvest Post-harvest
Expeller-control (n = 38) 880.4+1,743.9 240.1+115.5 20591 151.0 303.5£606.3
Press-experiment (7 = 30) 409.5+372.4 359.7 +249.9 230.0 £96.0 316.2%+221.2
Combination (1 = 39) 402.6 £453.4 348.7+395.7 234.5+95.7 465.2+1,074.1

RE, retinol equivalent

a. Group effect was not significant; seasonal effect was significant at p < .001; season“group interaction was significant at

p<.0l

TABLE 6. Children’s intake of vitamin A (RE) across seasons adjusted for age and sex (mean + SD)“

Group Baseline Peak oil-pressing Pre-harvest Post-harvest
Expeller-control (n = 39) 208.6 £ 240.1 93.2£111.5 88.3 + 64.6 82.3 £53.7

Press-experiment (1 = 30) 146.3 £ 109.8 147.1 £ 138.6 112.2 £ 65.0 167.5 £ 149.1
Combination (1 = 40) 174.9 + 433.7 211.0 £327.8 108.0 + 38.0 257.3 £620.9

RE, retinol equivalent

a. Group and seasonal effects were not significant; season*group interaction was significant at p < .05.
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groups were consistently better off than their coun-
terparts in the Expeller-control group in all measured
parameters. This outcome is impressive and is impor-
tant in terms of providing insight as to how we might
best begin to address the decades-old (if not centuries-
old) problem of the pre-harvest hungry period with its
high morbidity and mortality rates. The synergy among
all the parameters measured and the congruency of the
behavior of these parameters with what has already
been observed by numerous investigators give credence
and validity to these data. As well, this synergy provides
credibility to the direction of its overall conclusion
that the manually operated press, with accessibility
(i.e., locally manufactured and repaired and relatively
affordable) and being under the control of women, has
the potential to improve diets and to soften the impact
of the pre-harvest lean period. The question then arises
as to what extent these encouraging outcomes result
from women’s control over a simple oil extraction
device such as the ram press.

There are several limitations to our study. First,
although there was a great concern about the sample
selection, the women who made up the final sample
were those who met important selection criteria other
than being sesame growers. They had to be available,
with a desire to participate, able to follow instructions,
and had to have full cooperation from their husbands
or other influential members of the family—factors
without which such a study could not have taken place.
This lack of true random selection does not, however,
diminish the significance of the results for the follow-
ing reason. One of the conditions for the ram press
to have the desired effect on women and children’s
diets was that it be under the woman’s control. To be
under the women’s control requires that the women
must enjoy a certain level of autonomy within their
households, and are able to manage the press and make
decisions on how their harvested sesame seeds are used.
Most importantly, women must decide how the oil and
its derivatives (e.g., sesame cake) are used. In this case,
a random sample of women sesame growers perhaps
would not have been the most appropriate. Therefore,
the sample used in this study represents more truly
the group of women who would use such a device and
benefit from it [36].

Second, the women and households in all three
groups, although comparable in all major charac-
teristics, differed slightly in certain aspects (table 1).
Households and women from the Press-experiment
and Combination groups were more similar to each
other, and consequently had similar outcomes. This
was to be expected, given that the Combination group
was an offshoot of the initial Press-experiment group
who, early in the course of the study, also began to use
the motorized expeller.

The reasons why the women from the Combina-
tion group felt the need to use both the motorized

expeller and the ram press are not clear. It is evident
that the Combination group often had slightly higher
consumption levels than the Press-experiment group,
in spite of the fact that the Press-experiment women
were ranked as being “wealthier” than the Combination
and the Expeller-control groups.

Third, while we were cognizant of the role of income
as a driving force affecting the outcome, we could not
measure it directly. Income is usually categorized as
“cash crop” and “off-farm” activities. In a broader
sense, all household production—including food,
cash crop and livestock production, off-farm activi-
ties, and trade—contribute to household income. This
was very difficult to measure; therefore, we use wealth
ranking and women’s involvement in income generat-
ing activities, as well as cultivation of other crops that
could potentially be cash crops (e.g., white sesame) as
proxies. Wealth ranking was based, among other fac-
tors, on the number of cattle owned by the households.
Cattle in rural Africa are traditionally the strongest
indicator of wealth. However, their impact on family
welfare, including elements such as education, hous-
ing, health, and nutrition are not clear. Cattle are not a
liquid asset. They are rarely, if ever, liquidated to meet
immediate family needs. Again, the “cattle factor” as a
sign of “prestige,” if not liquid wealth in modern eco-
nomic terms, appears just as relevant in The Gambia
as it always has been elsewhere in Africa.

The most salient difference among the three groups
was that more women in the Expeller-control group
were engaged in income-generating activities and
were also growing white sesame. The growing of white
sesame, which was strictly for sale and for making
confections, indicates the role of these women as
entrepreneurs—if not entirely by choice, certainly by
circumstances. These women had access only to the
expeller, the future of which was uncertain. In spite of
their engagement in income-generating activities, the
Expeller-control women had significantly lower intakes
in peak oil-pressing season and also at pre-harvest lean
season; they had sesame oil available for a shorter time
period; and their children were reported to be more
frequently ill and more wasted than the Press-experi-
ment and Combination groups’ children [19].

At the pre-harvest lean season, Press-experiment and
Combination women consumed 96.9% and 98.4% of
the FAO recommended kcals respectively, while Expel-
ler-control women consumed only 76.9%. This dif-
ference in energy intakes of women at pre-harvest are
reflected in higher household consumption of sesame
oil and mean available adult equivalent kcals at the
pre-harvest lean season by the Press-experiment and
the Combination households than the Expeller-control
households. Similarly, children from the Press-experi-
ment and Combination groups at the pre-harvest lean
season consumed 12% and 26% more kcals, respec-
tively, than Expeller-control children.
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Although engagement in income-generating activ-
ity is often associated with higher intakes and other
desirable development indicators (such as education
and health), women in the Expeller-control group were
behaving more vulnerably (economically less stable)
than the other two groups and perhaps spending more
time outside the home and providing less quality care
to their children. This situation is understandable, since
they might have been feeling the uncertainty of their
changing economic base, from growing black sesame
for home consumption to white sesame for sale, with
the market and commercial venues not fully devel-
oped or proven with any degree of certainty. Given
this, some may argue that the differences in intake
observed among these groups were not a result of the
press itself but a result of the economic instability of
the Expeller-control group. Indeed, in some respects,
the Expeller-control households exhibited some aspects
of the “feast and famine” syndrome, while those in the
Press-experiment and Combination groups had less
dramatic changes at the pre-harvest period. It is our
thesis, however, that the press’ effect is precisely as an
“economic stabilizer,” without which the Press-experi-
ment and the Combination groups would be behaving
the same way as Expeller-controls.

We hypothesized that the ram press would have an
effect on diets and nutritional status of women and
children by two main mechanisms: 1) directly through
oil and cake consumption, and 2) indirectly through
the sale of some of the oil and cake, thus generating
extra cash to buy other foods and enable the women
to participate more fully in health-related services.
The observed improvements in diets of the Press-
experiment and Combination groups in relation to
the Expeller-control group could have been a result
of either consumption of oil or purchase of other
foods. The findings that women and children from the
Press-experiment and Combination groups derived a
greater percentage of their energy intake from protein
and fat than those in the Expeller-control group seem
to suggest that purchase of other foods may have been
involved. This is partially supported by the greater die-
tary diversity of the children from the Press-experiment
and Combination groups. In addition, these children
consumed more fat/high protein foods, more nutrient-
dense weaning foods, and nutrient-dense table foods
their Expeller-control counterparts. Further, some
studies have indicated that market-oriented technolo-
gies are significant determinants of income, which has
a positive and significant influence on expenditures of
food and non-food items [37].

The results of the participatory evaluation and
monitoring indicated several advantages and disad-
vantages to the press. First, the ram press needed to
be redesigned to fit women better, especially in terms
of the physical force needed to press the sesame seeds
to their optimal rate of oil extraction. Second, women

could press only small amounts of the seeds at one
time. This could have been one of the factors that drove
so many women from the Press-experiment group to
seek the services of the motorized expellers. Although
some of the women thought that the quantity issue
was a disadvantage, others clearly saw it as an advan-
tage. Many women thought that they could store the
seeds more easily than oil. Therefore, it was viewed as
a great advantage to press just the exact amount that
they needed at one time, whenever they needed it. The
extra savings in terms of the cake that was lost to the
Expeller-control women was also seen as an advantage,
not to mention the loss in time traveling to the expeller,
waiting their turn to press the seeds, and the effort to
transport the seed and oil to and from home. Another
advantage of ram presses was that women could charge
a small fee for using the press instead of paying a fee to
use the motorized expellers.

The findings of this study indicate that women and
children with access to a ram press (either alone or in
combination with a motorized expeller) experienced
much less seasonal fluctuation in food consumption
than those without a ram press. For the women, access
to the ram presses meant a 465- to 500-kcal advantage
during the pre-harvest lean season over women without
ram presses. Similarly, children of women with access
to the ram press enjoyed a 115- to 255-kcal advantage
during the pre-harvest lean season over children of
women without access to the ram press.

Finally, women’s access to food processing technol-
ogy can provide the means to “add value” to their
raw agriculture product, which can be viewed as an
“economic stabilizer” with potential to increase dietary
intakes and incomes, especially during the pre-harvest
lean season.
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Brief Communication

Serum copper levels among a tribal population
in Jharkhand State, India: A pilot survey

Umesh Kapil and Preeti Singh

Abstract

Background. Copper is an essential trace element that
plays a pivotal role in cell physiology. Dietary intake of
copper by a population of low-income groups in India has
been found to be low, and hence the possibility of dietary
copper deficiency exists.

Objective. To determine serum copper levels among
tribal populations in India, an area in which data are
limited.

Methods. The study was conducted among tribal
populations 18 to 75 years of age residing in Sahibganyj,
Jharkhand. Two blocks in the district were selected (from
a total of eight) for the detailed study. A semistructured
pretested questionnaire was used to collect demographic
and socioeconomic information about subjects. A total
of 995 subjects were enrolled for the present study. Blood
was drawn from the antecubital vein and collected in
previously labeled polypropylene tubes. Serum copper was
determined by the atomic absorption spectrophotometry
method and serum samples with copper levels less than 80
ug/dL were considered to have low serum copper levels.

Results. The mean serum copper concentration of
the study subjects was 91.18 + 35.48 ug/dL. Thirty-four
percent of the study subjects had low serum copper levels
(< 80 pg/dL). Nearly 35% of males and 34.4% of females
had low serum copper levels.

Conclusions. This study documented a high preva-
lence of low serum copper levels among the studied tribal
population. Further multicenter studies with larger
sample sizes are needed to assess the biological implica-
tions of copper deficiency among the tribal populations
in India.
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Introduction

Copper is an essential trace element that plays a piv-
otal role in cell physiology, particularly in its function
as a core part of cuproenzyme [1]. Copper appears
to have many important functional roles in the body
that apparently relate to the maintenance of immune
function, bone health, and hemostasis, among other
functions [2]. Inadequate nutriture of copper alters
immunocompetence in humans because it is required
to maintain antioxidant defense [3]. Deficiency of
copper leads to increased susceptibility to infectious
illnesses [4].

India has one of the largest concentrations of tribal
populations in the world, second only to Africa [5].
Dietary intake of copper by the population of low-
income groups in India has been found to be low,
and hence the possibility of dietary copper deficiency
exists [6]. Limited data are available on serum copper
levels among the tribal populations in India; hence the
present study was conducted.

Methods

The study was conducted among members of a tribal
population age 18 to 75 years in Sahibganj, Jharkhand.
The tribal populations in India live in remote villages
far from the urban population. All the tribal mem-
bers have a similar dietary pattern. The staple diet is
based on cereals and foods that are available in the
forest where they live. To keep the study operation
manageable, two blocks out of eight in the district
were selected for the detailed study. Approval for con-
ducting the study was obtained from the Ethics Com-
mittee of the All-India Institute of Medical Sciences,
New Delhi. The subjects were informed of the study
objectives and written informed consent was obtained.

Food and Nutrition Bulletin, vol. 26, no. 3 © 2005, The United Nations University.
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A semistructured pretested questionnaire was used to
collect demographic and socioeconomic information
about the subjects.

A total of 995 subjects were randomly selected for
the present study. Subjects who were not suffering
from any acute morbidity or chronic disease on the
day of the examination were considered healthy and
were included in the study. Only nonpregnant female
subjects were included.

Out of 995 subjects, 98 refused to participate in the
study, leaving a total of 897 collected blood samples.
A total of 33 samples (3.3%) were hemolyzed during
transportation, so the final number of blood samples
analyzed was 864. Blood from the antecubital vein was
drawn from the subjects and collected in previously
labeled polypropylene tubes. Blood was transported in
ice packs to the central laboratory and the serum was
separated within six hours of collection. The samples
were centrifuged at 3500 rpm at 4°C for 30 minutes for
serum collection. Serum copper levels were determined
by the atomic absorption spectrophotometry method
(Spectra 250+, Varian, Palo Alto, Calif., USA). The
estimations were done at the Industrial Toxicology and
Research Center, Lucknow, India, which is the national
facility for undertaking estimations of trace elements.

Quality control of the biochemical investigation
was ensured using the following steps. Each serum
sample underwent three estimations for serum copper
levels and the mean of the three values were reported
as the copper concentration of that particular sample.
Seronorms procured from Randox Ltd. (with a known
copper concentration) were run with each assay for
internal quality assurance. When the serum copper
level for the seronorm sample was over- or underes-
timated, the whole assay was repeated. The reference
range for serum copper was 80 to 110 ug/dL; serum
samples with copper levels < 80 pg/dL were considered
to have low serum copper levels based on the standard
cutoff for the atomic absorption spectrophotometry
method described in Elmer and Conn [7].

Results

A total of 995 subjects were enrolled for the present
study. The mean age of the subjects was 34 years.
Sixty percent were female. Blood was collected from
864 subjects to assess serum copper levels. The socio-
demographic characteristics of subjects who refused
to participate in the study were similar to those who
participated in the study.

The age and sex distribution of study subjects
according to serum copper concentration is shown in
table 1. The mean serum copper concentration of the
study subjects was 91.18 £ 35.48 pg/dL. Thirty-four
percent of the subjects had low serum copper levels
(< 80 pg/dL). Nearly 35 percent of males and 34.4
percent of females had low serum copper levels. The
prevalence of low serum copper levels was greatest in
both men and women between the ages of 21 and 40.

Discussion

In the present study, 34.5% of the tribal population
had low serum copper levels as revealed by serum tests.
This was possibly because dietary intake of copper by
the tribal population studied was marginal [6]. The
absorption of copper is known to be inversely related to
dietary intake [6, 8]. The main staple of the tribal pop-
ulation in Sahibganj is rice or maize, and consumption
of animal foods is uncommon. It is well documented
that a diet containing animal protein enhances the
absorption of copper compared to a diet comprising
mainly plant protein [9]. One limitation to our study
is that we used purposive sampling, and therefore our
sample may not be truly representative of the greater
population. There is a need to undertake multicenter
studies with larger sample sizes among tribal popula-
tions in different parts of India to assess the biological
implications of copper deficiency in this population.

TABLE 1. Age and sex distribution of study subjects according to their serum copper con-

centration”
Copper concentration (mean * SD)
Age group 80 pg/dL >80 pg/dL
(yr) Males Females Males Females
<20 10 (3.0) 26 (4.9) 32 (9.6) 42 (7.9)
59.50 + 15.17 52.69 + 16.38 108.91 + 18.08 114.76 + 39.62
21-40 66 (19.9) 120 (22.5) 124 (37.3) 214 (40.2)
55.53 + 15.47 56.00 + 16.61 106.77 £ 27.69 111.29 + 30.12
>41 39 (11.7) 37 (6.9) 61 (18.4) 93 (17.5)
57.31 £13.27 56.35 + 14.03 110.16 = 25.13 107.90 + 22.62
Total 115 (34.6) 183 (34.4) 217 (65.4) 349 (65.6)
56.47 + 14.65 55.60 + 16.05 108.04 + 225.71 110.80 *+ 29.66

a. Figures in parentheses denote percentage.
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The Des Moines Declaration
A call for accelerated action in agriculture, food and
nutrition to end poverty and hunger

Gathering in Iowa, the birthplace of Dr. Norman E.
Borlaug, Nobel Peace Prize Laureate and Father of the
Green Revolution, who is celebrating his 90th birthday
in 2004; and

Assembled in Des Moines, on the occasion of the
Presentation of the 2004 World Food Prize as we cel-
ebrate the International Year of Rice; and

Observing October 16 as United Nations World Food
Day, and World Food Prize Day in America:

We the undersigned Laureates, Founders and Council
Members of The World Food Prize do hereby address
this joint declaration to the governments of the world,
the leaders of major international organizations and to
all involved in the struggle against hunger, poverty and
disease in the world.

More attention to the Millennium Development Goals

We reiterate our support for the Millennium Develop-
ment Goals resulting from the Summit Declaration
adopted by the heads of government of the world
assembled at the United Nations in September 2000
to reduce hunger, poverty and disease still afflicting
half the population on our planet. Progress to move
forward must be based on realistic plans and immedi-
ate action must be taken.

We recognize that adequate and available food and
nutrition are essential to achieving most of these goals
and important for all of them. We also recognize that
improved nutrition is directly related to success in
approaching and reaching population stabilization.

Hundreds of millions of poor people are left hungry
in a world of food abundance because they lack access
to adequate food and nutrition. It is essential that we
close this gap between hunger and food availability.

More food-increased productivity to improve the lives
of people and protect biodiversity in our environment

Agriculture is the main source of income for poor
people living in rural areas. As such, a boost in agri-
cultural productivity in the rural areas of developing

countries will greatly enhance earning potential as
well as produce more food. However, agricultural pro-
duction increases will not generate adequate gains in
employment, and additional steps must also be taken
to increase employment in agro based value added
rural enterprises.

In addition, food productivity must be increased to
improve the lives of people and protect biodiversity in
our environment. With close to a billion people still
suffering from hunger, malnutrition and food insecu-
rity and with the population of our planet projected to
grow by 50% by the middle of the 21st century, either
we must produce more food on the land and in the
water now available to us, or people will be forced to
cut down precious forest areas and cultivate marginal
lands to grow the food necessary to fuel our escalating
demands. It is crucial that new agricultural innovations
and technologies be developed.

More nutritious food—the best medicine

We emphasize that the nutritional quality as well as the
quantity of food must be improved. Poverty, hunger,
and ill-health are all interrelated. The hidden hunger of
micronutrient deficiencies is particularly damaging to
current and future generations. Nutrition needs to be
improved to reduce the devastating effects of diseases
that are keeping the hungry and malnourished from
being productive members of society.

We call special attention to the fact that The World
Food Prize Foundation is devoting its 2005 Interna-
tional Symposium to the issue of nutrition.

More available food—increased prosperity to counter
terrorism

We believe that reducing poverty and hunger around
the world is one of the most important means of
reducing the terrorism that the world is confronting.
Global political security can only be attained though an
enhanced commitment to addressing global food secu-
rity. Providing hope, progress and increased prosperity
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in these same areas can be the single most effective
means to achieve stability and tranquility.

More equitable income and land distribution needs
to be achieved by inclusion of the poor and the disad-
vantaged in sustainable economic activities that ensure
remunerative return for their material, labor and capi-
tal contributions. This will help to ensure purchasing
power in the hands of the poor and the disadvantaged,
making more affordable food available without com-
promising human dignity.

Role of The World Food Prize Laureates

Since its inception in 1986, The World Food Prize
has been awarded to Laureates from a wide variety of
disciplines and countries. Regardless of background
or discipline, we have devoted our lives to striving for
achievements that will eradicate hunger and uplift all
humankind. Based on our experience, we believe that
the steps below are crucial to the implementation of the
Millennium Development Goals, and the abolishment
of hunger in our world.

Accelerated action to defeat hunger in the world

Considering that in order to attain further break-

throughs in combating poverty, hunger, malnutrition

and famine, we recommend that governments of the
world and international organizations urgently under-
take the following steps:

» Significantly increase funding for pro-poor agricul-
tural and nutritional research conducted by an inte-
grated system of national, international and private
sector research organizations.

» Give higher priority to investment in public goods
that would facilitate agricultural development,
including those mentioned below.

» Increase funding for the construction and improve-
ment of roads, with a particular emphasis on rural
roads.

» Increase investment in rural infrastructure to facili-
tate the processing, storage, transport and marketing
of agricultural products in low-income developing
countries.

» Encourage the provision of micro-credit facilities for
farming communities.

» Develop programs to ensure adequate nutrition.

» Increase programs supporting education for all with
special emphasis on women and girls.

» Develop research and technologies for more sustain-
able use of natural resources and promote access
to energy sources in rural areas, with emphasis on
renewable energy.

» Provide sufficient and clean water to support the
human needs and develop and implement technolo-
gies for better water conservation and utilization in
agriculture.

» Maintain and increase support for the delivery of
humanitarian assistance to those facing hunger,
starvation and death.

We transmit this statement to the leaders of the
international community in order to emphasize crucial,
life-sustaining issues.

The following World Food Prize Laureates, Founders,
and Council of Advisors support the 2004 Des Moines
Declaration:

Dr. Norman E. Borlaug
Nobel Peace Prize Laureate
Founder of the World Food Prize

Ms. Catherine Bertini
USA
2003 World Food Prize Laureate

Dr. Surinder K. Vasal
India
2000 World Food Prize Laureate

Dr. Perry L. Adkisson
USA
1997 World Food Prize Laureate

Dr. Hans R. Herren
Switzerland
1995 World Food Prize Laureate

Dr. John S. Niederhauser
USA
1990 World Food Prize Laureate

A.S. Clausi
USA
World Food Prize Founder

Michael G. Gartner
USA
Council of Advisors Member

Dean R. Kleckner
USA
Council of Advisors Member

Prof. Yuan Longping
China
2004 World Food Prize Laureate

Dr. Pedro A. Sanchez
USA/Cuba
2002 World Food Prize Laureate

Dr. Evangelina Villegas
Mexico
2000 World Food Prize Laureate
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Dr. Henry M. Beachell
USA
1996 World Food Prize Laureate

Dr. Muhammad Yunus
Bangladesh
1994 World Food Prize Laureate

Dr. Verghese Kurien
India
1989 World Food Prize Laureate

Robert D. Havener
USA
World Food Prize Founder

Jonathan F. Taylor
Great Britain
Council of Advisors Member

Ambassador Kenneth Quinn
USA
President, World Food Prize

Dr. Monty P. Jones
Sierra Leone
2004 World Food Prize Laureate

The World Food Prize

Dr. Norman E. Borlaug conceived of the idea for a
World Food Prize after receiving The Nobel Peace Prize.

The $250,000 World Food Prize is awarded each
October in Des Moines, lowa, USA, to recognize the sig-
nificant achievements of individuals who have reduced
poverty, hunger, and malnutrition by improving the
quality, quantity, or availability of food in the world.

Information about the World Food Prize Laureates
and the annual programs conducted in conjunction
with the Laureate Award Ceremony is available on

Dr. Per Pinstrup-Andersen
Denmark
2001 World Food Prize Laureate

Badrinarayan R. Barwale
India
1998 World Food Prize Laureate

Dr. Gurdev S. Khush
India
1996 World Food Prize Laureate

Dr. Nevin S. Scrimshaw
USA
1991 World Food Prize Laureate

Dr. M..S. Swaminathan
India
1987 World Food Prize Laureate

Dr. Gregory Geoffroy
USA
Council of Advisors Member

Dr. Pekka Linko
Finland
Council of Advisors Member

the web at www.worldfoodprize.org or by contacting
Ambassador Kenneth Quinn at:

The World Food Prize Foundation
1700 Ruan Center, 666 Grand Avenue
Des Moines, lowa USA 50309

Ph: 515-245-3783; Fax: 515-245-3785
E-mail: wfp@worldfoodprize.org



Book reviews

Evaluation of certain veterinary drug residues in
food. Sixty-second Report of the Joint FAO/WHO
Expert Committee on Food Additives. 2004 WHO
Technical Report Series #925. Geneva, 2005. (ISBN 92-
4-120925-9) 72 pages, softcover, US$22.50.

This report presents the conclusions of a joint FAO/
WHO (Food and Agriculture Organization/World
Health Organization) Expert Committee convened
to evaluate the safety of residues of certain veterinary
drugs in food, and to recommend maximum levels for
such residues in food.

The first part considers conclusions on specific
toxicological end-points, lipid-soluble residues of
veterinary drugs with maximum recommended levels
(MRLs) in milk, statistical methods for the estimation
of MRLs, and the Committee’s review and comments
on documents provided by Codex Committees. Sum-
maries follow of the Committee’s evaluations of toxico-
logical and residue data on a variety of veterinary drugs:
five antibacterial agents (cefuroxime, chloramphenicol,
flumequine, lincomycin, and pirlimycin); four insecti-
cides (cyhalothrin, cypermethrin and a-cypermethrin,
doramectin, and phoxim); and two production aids
(melengestrol acetate and ractopamine). The Commit-
tee’s comments on chloramphenical found at low levels
in animal products are also summarized.

The report also contains a summary of the Com-
mittee’s recommendations on these drugs, including
acceptable daily intakes and proposed maximum
residue limits.

Preventive nutrition: The comprehensive guide for
health professionals, 3rd Edition. Edited by Adrianne
Bendich and Richard Deckelbaum. Humana Press,
Totowa, NJ, 2005. (ISBN 1-588-29-445-5) 958 pages,
hardcover, US$145.00.

This is a major revision and expansion of a valuable
reference book first published in 1997, with a second
edition in 2001. It is by far the most comprehensive

compendium of the relationship between nutrition,
health, strategies for the prevention of disease, and
promotion of health through the application of nutri-
tion knowledge. The 37 chapters, written by 80 expe-
rienced authors, provide a critical review of the newest
research, and comprehensively document the benefits
of good nutrition for health at all ages. Five chapters
deal with cancer and cardiovascular disease, with
emphasis on the role of nutrition in prevention. The
role of prior diet in the prevalence of chronic disease
in later life is well covered.

While no chapter specifically deals with nutrition
and the elderly, the theme is integrated into a number
of the chapters. Three chapters deal with diabetes,
obesity, and bone diseases. The effects of improved
nutrition on cataracts, respiratory disease, immunity,
pregnancy, and blindness are covered in single chapters.
Critical issues such as the use of alcohol, the impact
of medication on nutritional status, and the problem
of dubious health claims for foods and dietary sup-
plements are covered in the final chapters, as well as
preventive nutrition from a global perspective. The last
chapter, which covers preventive nutrition throughout
the life cycle was written by the editors and summarizes
the book’s message.

While the volume would seem too expensive for indi-
vidual purchase, it should be available in the libraries
of schools of public health, nutrition departments, and
institutes in both industrialized and developing coun-
tries to be used as a reference in courses in preventive
medicine and public health.

Dietary supplement labeling compliance review,
3rd edition. James L. Summers; Contributor, Eliza-
beth J. Campbell. Blackwell Publishing, Ames, Iowa,
2004. (ISBN 0-8138-0426-4) 232 pages, hardcover,
US$159.99; US$189.99 with CD-ROM.

Dietary supplements are a growing focus of the food
industry and their authorization, labeling, and compli-
ance are of increasing importance in developing as well
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as industrialized countries. This book, written from the
perspective of a former consultant and dietary sup-
plement labeling expert from the U.S. Food and Drug
Administration, includes an overview of dietary sup-
plement labeling, the need for specific regulations gov-
erning dietary supplements, compliance with dietary
supplement levels, a compliance label review program,
dietary supplement labeling issues, legislation, and
regulations. It includes charts, graphics, illustrations,
guidelines, a comprehensive index, and bibliography.
This third edition will be useful for any public or pri-
vate entity concerned with specifications, labeling, laws,
and regulations relating to dietary supplements.

Why some like it hot: Food, genes, and cultural diver-
sity. Gary Paul Nabhan. Island Press, Washington, DC,
2004. (ISBN 1-55963-466-9) 233 pages, hardcover,
US$24.00.

This is an entertaining and convincing attempt to dis-
cover the types of diets encoded in our genes. It rejects
the dogmatic claims on which our presumptions of
a single, genetically programmed “Paleolithic diet”
are based, and explores the common features of the
wide variety of primitive diets depending on differing
physical and biological environments. The author, an
ethnobotanist, points out that prehistorically or his-
torically, some 30,000 wild plants were used for food.
These plants are not merely a source of macro- and
micronutrients, but are also an arsenal of secondary
compounds that protect plants against environmental
stresses and interspecific stresses such as competition,
disease, preditation, and herbivory. When consumed
by humans, they have a variety of physiological and
medicinal effects.

“Finding a Bean for your Genes” and “The Shaping
and Shipping Away of Mediterranen Cuisines,” chapters
three and four, respectively, are as interesting as their
titles. Chapter five, from which the book title is taken,
explores the extraordinary variation among popula-
tions and genotypes in sensitivity to the hot taste of
peppers and includes entertaining anecdotes. “Dealing
with Migration Headaches” is subtitled “Should We
Change Places, Diets or Genes?” and gives examples
of how we consume potentially toxic foods along with
practices that can counterbalance the most hazardous
compounds. This chapter also includes a good analysis
and refutation of the “thrifty gene hypothesis.”

The final chapter describes the health problems of
Native Hawaiians when they abandon the diet and
ways of their ancestors. To some degree, the lessons
apply to all of us. Rich information is now available

from nutrition, genetic, anthropological, and ethno-
botany research, as well as from “an emerging set of
biotechnologies, collectively known as functional...or
nutritional genomics.” Professors can use this book to
enliven their nutrition lectures and students will find
a broader approach to nutrition than in any conven-
tional nutrition text. Although written in narrative
and not textbook style, it has excellent references for
each chapter.

Handbook of minerals as nutritional supplements.
Robert A. DiSilvestro. CRC Press, Boca Raton, Fla.,
2005. (ISBN 0-8493-1652-9) 254 pages, hardcover,
US$139.95.

This very convenient and helpful compendium of
information imparts evidence for the role and effective-
ness of mineral supplements for health maintenance
and improvement. It summarizes and evaluates cur-
rent research on supplement use in a wide range of
disease states for various mineral supplements such
as calcium, magnesium, potassium, iron, zinc, copper,
selenium, manganese, and chromium. The potential
toxicity of each and the interactions among minerals
in a supplement are described. The book also includes
a glossary and index.

The great brain debate: Nature or nurture? John E.
Dowling. Joseph Henry Press, Washington, DC, 2004.
(ISBN 0-309-09223-X) 189 pages, hardcover, US$24.95.
Available as read-only without cost at http://www.nap.
edu/catalog.php?record_id=11004, Accessed June 6,
2005.

The focus of this book is “whether the development
of our brain, our personality, our intelligence, and our
behavior are more likely to be shaped and affected by
our environment or our genetic coding.” Dowling notes
that the first three years are important for develop-
ment, but does not mention nutrition as an important
environmental factor. Disappointingly, he makes no
reference to the extensive evidence that iodine defi-
ciency in pregnancy and iron deficiency in infancy can
cause permanent adverse effects on cognitive develop-
ment. Evidence of the effects of vitamin deficiencies on
behavior at any age is not mentioned, and nutrition as
an important environmental factor is not mentioned
at all in either the text or the index.

—Nevin S. Scrimshaw



News and notes

Food and Agriculture Organization (FAO),
2004

Globalization of food systems in
developing countries: impact on food
security and nutrition

As a result of global economic and social change,
food systems are being transformed at an unprec-
edented rate. Urbanization, foreign direct investment
in the markets of developing countries and increas-
ing incomes are prime economic facilitators for the
observed changes, while social changes such as the
increasing number of women in the workforce and
rural to urban migration provide further stimulus.
Changes are also driven by food production based on
intensive agriculture, new food processing and storage
technologies, longer product shelf life, the emergence of
fast-food outlets and supermarkets, and the intensifica-
tion of advertising and marketing of certain products.
The sum of these changes has resulted in a diversity of
food available throughout the year for those who can
afford to purchase it, as well as a shift in home-prepared
and home-based meals toward prepared and ready-to-
eat meals, often consumed away from home.

These food system and lifestyle changes in turn
impact the health and nutritional status of people in
developing countries. There are indications of rapid
increases in overweight and obesity, particularly among
adults, accompanied by an increasing prevalence of
diet-related noncommunicable diseases. At the same
time, social inequalities are increasing.

The papers in this book were first presented at the
workshop “Globalization of Food Systems: Impacts on
Food Security and Nutrition” at FAO headquarters in
Rome, October 8-10, 2003. Chapters are arranged in
two parts. The first part consists of an overview chapter
providing a synthesis of findings from 11 country case
studies, followed by chapters on urban food insecurity,
nutritional change in developing countries, and policy
options to address these changes. The second part pro-
vides a detailed account of the changes in food systems
and health and nutrition problems in 11 case-study
countries from different regions of the world.

A hard copy of the publication is available by request
from Gina Kennedy (gina.kennedy@fao.org) or Guy
Nantel (guy.nantel@fao.org). An electronic copy is
available at http://www.fao.org/documents/show_cdr.
asp?url_file=/docrep/007/y5736e/y5736e00.htm
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Correction to Vol. 26, No. 2, Supplement 2

“Proceedings of the International Workshop on
Articulating the Impact of Nutritional Deficiencies
on the Education for All Agenda,” Osman M. Galal,
Charlotte G. Neumann, and Judie Hulett, guest
editors

The following acknowledgments were omitted from
the above-referenced supplement due to a production
error in the Food and Nutrition Bulletin’s editorial
office. The editors regret this oversight.
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effort possible.
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tions of relevance to its concerns (see the statement of editorial
policy). Submission of an article does not guarantee publication;
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