Vitamin A deficiency continues to be a major health
problem in developing countries. Vitamin A, in addition to
its essential role for vision and eye health, is recognised as
a critical factor in child health and survival'. Vitamin A can
be obtained from supplements, fortified foods or foods
naturally rich in vitamin A and provitamin A. Several
strategies focusing on supplementation and fortification
have been developed to prevent vitamin A deficiency,
especially in children. As sustainable approaches catering
for the majority of the population should be put in place,
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Abstract

Objectives: To determine vitamin A intake of children aged 2—5 years in a rural South
African community one year after the implementation of a home-based food
production programme targeting (3-carotene-rich fruits and vegetables.

Design: Dietary intake of children aged 2-5 years was determined during a cross-
sectional survey before and one year after the implementation of a home-based food
production programme.

Setting: A low socio-economic rural African community, approximately 60 km north-
west of the coastal city of Durban in KwaZulu-Natal, South Africa.

Subjects: Children aged 2-5 years (1 = 100); 50 children from households with
home-gardens producing B-carotene fruits and vegetables (project gardens), and 50
children from households without project gardens.

Results: As compared with baseline data, there was a significant increase in vitamin A
intake in children from households with project gardens as well as in children from
households without project gardens. However, children from households with
project gardens had a significantly higher vitamin A intake than children from
households without project gardens. The increased vitamin A intake in those
children from households without project gardens can be attributed to the
availability of butternuts in the local shop (as a result of the project), and because
the mothers negotiated with project garden mothers to obtain these fruits and
vegetables for their children.

Conclusion: A home-based food production programme targeting B-carotene-rich
fruits and vegetables can lead to an increase in vitamin A intake.
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Bangladesh, a large-scale homestead gardening pro-
gramme promoting the local production of a variety of
vegetables throughout the year resulted in an increased
availability and consumption of vitamin-A-rich foods®.

At a workshop on prevention and control of micro-
nutrient malnutrition through food-based actions of
countries of the South Asian Association for Regional
Co-operation (SAARC), held in Dhaka, Bangladesh in
1997, it was agreed that ‘it is necessary to look at farms
and not pharmacies for the solution of nutritional

food-based approaches should be explored.

Although retinol-rich foods of animal origin are the
most effective in improving vitamin A status, these food
items are expensive. Yellow/orange fruits and vegetables
and dark-green leafy vegetables are rich in provitamin A
carotenoids. The human body can convert provitamin A
carotenoids into the active form of vitamin A. Provitamin-
A-rich fruits and vegetables can provide a valuable
contribution to vitamin A intake in communities where
alternative dietary sources of vitamin A are scarce®. In
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problems’. It was recognised that safe and nutritious
food is a basic human right, and that overall improvement
of the diet of the population should be the goal of any
food-based action. Benefits of food-based actions include
sustainability, cost-effectiveness, income generation and
cultural acceptability. In addition, self-reliance and com-
munity participation are promoted. An outcome of this
workshop was the recommendation that home gardening
should be promoted more extensively, selecting fruits and
vegetables rich in micronutrients®.
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In South Africa one in three pre-school children have
serum retinol concentrations below 20 pg dl™!, with
children from rural areas being affected the worst’. The
Medical Research Council (MRC) of South Africa, in
collaboration with the Agricultural Research Council,
implemented a home-based food production programme
promoting the production of B-carotene-rich fruits and
vegetables as a means to improve the vitamin A status of a
rural community in KwaZulu-Natal known to have a high
prevalence of low vitamin status®. As community-based
food production programmes promoting the cultivation
of B-carotene-rich foods should first of all lead to
increased consumption of these food items, the aim of
this survey was to determine the effect of a home-based
food production programme targeting (-carotene-rich
fruits and vegetables on intake of dietary vitamin A in
children aged 2-5 years.

Subjects and methods

Population

The study population resided in Ndunakazi, a mountain-
ous rural area approximately 60 km north-west of the
coastal city of Durban in KwaZulu-Natal, South Africa.

Baseline survey

The vitamin A status and dietary intakes of children aged
2-5 years were determined in February 1999 during a
cross-sectional survey. The methodology and results of
this survey are described elsewhere’.

Intervention

After the baseline survey, a home-based food production
programme was implemented. This programme was
integrated with a community-based growth monitoring
system®. Pre-school children in the area attended monthly
growth monitoring sessions held at various community-
based growth monitoring points, called Isizinda, which
are homes made available by the households on a
voluntary basis. As part of the food production pro-
gramme, 2 10 m X 10 m demonstration garden was estab-
lished at each Isizinda (n=9). The demonstration
gardens were divided into plots the size of a door.
These demonstration gardens served as training centres
for all mothers attending the growth monitoring sessions.
Skills acquired by the mothers were then applied in their
home-gardens. Nutrition education at the Isizinda pro-
moted the production of yellow fruits and vegetables and
dark-green leafy vegetables at household level, and the
daily consumption of these food items was strongly
recommended. Information regarding the relationship
between vitamin A and the health of children was
conveyed to the mothers in an attempt to explain the
importance of these foods and to motivate them to
participate. Children were introduced to these vegetables
prepared in various ways on growth monitoring days
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when vegetables from the demonstration garden were
being prepared. Beta-carotene-rich vegetables that were
seldom or never consumed previously, namely butternut,
carrots, an orange-fleshed sweet potato and spinach,
were planted in the demonstration gardens and at
household level. Each garden also had a paw-paw tree.
Cyclic production and crop rotation were promoted to
ensure an adequate supply throughout the year. Pumpkin
and imifino were already produced locally, and, although
promoted, were not planted in the project gardens.

Sampling and ethics

One year after the implementation of the food production
programme, the mothers of a convenience sample of one-
hundred 2—5-year-old children who attended the Isizinda
during February and March 2000 were interviewed. Of
these children, 50 children were from households with a
project garden (home-gardens producing B-carotene-rich
fruits and vegetables) and 50 children were from house-
holds without a project garden. It is estimated that
85—90% of 2—5-year-old children who were registered at
the Isizinda were included in the sample.

For the use of a single 24-hour recall a minimum of 50
children per group is required’. It was calculated that 50
children per group would be sufficient to show a
significant difference in vitamin A intake of at least
300 wg retinol equivalents (RE) at a 5% significance level
with power of 80%.

This study was part of a home-based food production
programme targeting [-carotene-rich fruits and vegeta-
bles to address vitamin A deficiencies in children, for
which ethical approval was obtained from the Ethics
Committee of the South African Medical Research
Council. Before implementation of the food production
programme, written informed consent was obtained from
the mother or guardian after a detailed explanation of the
purpose of the study.

Dietary intakes
The mother or principal caretaker (a member of the
household, usually the grandmother of the child, in
whose care the child was during the day) was
interviewed by a nutrition monitor in her mother
language (Zuluw).

The 24-hour dietary recall method was used to quantify
dietary intake. This method gives valid information on the
nutrient intakes of groups, takes about 20—30 minutes of
the mother’s time, and does not require special skills, e.g.
literacy, from the mothers'®. Fresh food, food models,
household utensils and sponge models were used for
quantifying and recording food intake. In addition, dry
samp (commercially available broken maize) was used to
quantify portion sizes of certain food items. The caregiver
used the dry samp to indicate the quantity resembling the
amount of food consumed by the child, which the
nutrition monitor then quantified using a measuring
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cup. Food intake reported in household measures was
converted into weight using the MRC Food Quantities
Manual*'. The SAS software package was used to convert
food intake to macro- and micronutrients, using the MRC
Food Composition Tables'* as food database.

Sources of f-carotene-rich fruits and vegetables
The sources of various B-carotene-rich fruits and vege-
tables for the month prior to the survey were determined
by questionnaire. The questionnaire was developed
through observation and group discussions, and was
pre-tested at the Isizinda.

Data analysis

The data were analysed using univariate and frequency
analysis, and analysis of variance using the SAS statistical
package — release 6.12 edition, 1988 (SAS Institute Inc.,
Cary, NO). Quantified dietary intakes are summarised by
the medians and 25th and 75th percentiles (Q1-Q3;
interquartile range), since some of the data had skewed
distributions. The difference in total nutrient intakes
between the two groups was tested for using analysis of
variance. Beta-carotene-rich fruits and vegetables
reported during the 24-hour recall period were identified,
and the micronutrients supplied by these fruits and
vegetables (mango, peach, paw-paw, imifino (a local
term for a collection of wild-growing dark-green leafy
vegetables resembling spinach), spinach, pumpkin,
butternut, sweet potato and carrots) were calculated.

Results

24-bour recall

Total energy intake and energy distribution of the
macronutrients for children aged 2—5 years at baseline
and one year after implementation are given in Table 1.
The food production programme did not have a major
impact on macronutrient intake.

Micronutrient intakes are summarised in Table 2.
Children from households with a project garden had
significantly (P < 0.05) higher dietary intakes for vitamin
A, riboflavin, vitamin Bg and ascorbic acid, and a
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tendency (P < 0.1) towards a higher calcium intake,
as compared with children from households without a
project garden. Micronutrients supplied by the -
carotene-rich fruits and vegetables are also listed in
Table 2. For children from households with project
gardens, these fruits and vegetables contributed more
than 50% of total intake for calcium, iron and vitamin A,
and between 25 and 50% of total intake for magnesium,
riboflavin and vitamin C.

Sources of f-carotene-rich fruits and vegetables
The sources from which B-carotene-rich fruits and
vegetables were obtained during the month prior to the
survey are indicated in Table 3. The main source for
imifino and pumpkin (foods produced in the area before
implementation of the food production programme) for
both groups was the family’s own home-garden. For
children from households with project gardens, these
gardens were the main source for butternuts, carrots,
spinach and orange-fleshed sweet potato. For children
from households without project gardens, these fruits and
vegetables were mostly bought (mainly butternut and
carrots) or obtained from family, friends and neighbours
(especially paw-paw). Peaches and mangoes were mainly
bought in both groups.

Discussion

The baseline survey showed that children in this rural
area consumed a cereal-based diet, with staple foods
being phutu (a food traditional to black South Africans
comprising maize meal made into a stiff porridge), bread
and rice. Legumes, mostly beans, formed an integral part
of the diet. Food intake was limited to 44 food items. The
diet lacked variety, predisposing the children to low
micronutrient intakes. Low dietary intakes of foods rich in
vitamin A and B-carotene were reflected in low serum
retinol levels, with half of the children presenting with
serum retinol levels’ below 20 pg dl™*.

One year after the implementation of a home-based
food production programme, dietary vitamin A intake
increased significantly in children from households with a

Table 1 The median and interquartile range (Q1—-Q3) for total energy, energy distribution of macronutrients of rural South

African children aged 2-5 years

One year after implementation

Baseline With garden Without garden
(n=154) (n=50) (n=50)
Energy (kJ) Median 5085 5200 5406
Q1-Q3 3988-6149 4593-6005 4372-6758
Protein (% of energy) Median 10.9 10.8 10.6
Q1-Q3 9.0-12.1 9.4-11.9 9.1-12.4
Total fat (% of energy) Median 27.1 245 241
Q1-Q3 20.2-33.6 21.4-29.0 18.9-27.9
Carbohydrate (% of energy) Median 67.0 70.6 .7
Q1-Q3 62.4—74.2 65.4-74.5 67.1-76.5
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Table 2 Micronutrient intakes in children aged 2—5 years as determined by a 24-hour dietary recall at baseline and one year after the
implementation of a home-based food production programme. Values are given as the median and the interquartile range (Q1-Q3)

One year after implementation

Intake from B-carotene-rich

Total intake fruits and vegetables
Baseline With garden Without garden With garden Without garden

Nutrient (n=154) (n=50) (n=50) P-value* (n = 50) (n = 50)
Calcium (mg) Median 217 451 280 0.0774 253 26

Q1-Q3 165—-333 224-531 202-481 22-381 2-261
Iron (mg) Median 6.4 13.5 7.8 0.1453 8.0 0.5

Q1-Q3 42-92 5.9-16.2 5.2-14.3 0.5-11.3 0.0-8.3
Magnesium (mg) Median 218 296 244 0.5372 108 15

Q1-Q3 168-300 204-342 189-345 14-163 1-109
Zinc (mg) Median 4.0 4.6 4.7 0.7869 1.0 0.46

Q1-Q3 3.0-5.2 3.9-5.7 3.9-5.9 0.4-1.6 0.04-0.88
Vitamin A (RE) Median 150 1133 640 0.0004 998 548

Q1-Q3 56-579 636—-1765 372-1039 548-1604 53-707
Thiamine (mg) Median 0.75 0.85 0.83 0.9421 0.14 0.11

Q1-Q3 0.54-0.99 0.74-1.02 0.62—-1.06 0.09-0.23 0.01-0.15
Riboflavin (mg) Median 0.43 0.91 0.58 0.0001 0.42 0.03

Q1-Q3 0.29-0.64 0.63—-1.48 0.42-0.83 0.04-0.59 0.0-0.41
Niacin (mg) Median 4.07 5.17 5.25 0.8921 1.06 0.54

Q1-Q3 3.15-5.44 4.13-6.33 4.05-6.22 0.46-1.62 0.10-1.17
Vitamin Bg (MQ) Median 0.75 0.71 0.62 0.0294 0.08 0

Q1-Q3 0.54-0.94 0.52-1.04 0.44-0.80 0.01-0.14 0-0
Vitamin B2 (.9) Median 0 0.63 0.15 0.6795 0 0

Q1-Q3 0-0.10 0-1.18 0-0.95 0-0 0-0
Folic acid (ng) Median 218 193 189 0.7858 31 0

Q1-Q3 124-332 133-290 116-328 4-44 0-39
Vitamin C (mg) Median 43.1 61.6 31.8 0.0235 17 12

Q1-Q3 16.3-87.5 29.8-104.1 19.5-76.8 9-29 1-16

* Difference between those children from households with home-gardens producing B-carotene-rich fruits and vegetables and those children from households
without home-gardens producing p-carotene-rich fruits and vegetables, as determined by analysis of variance.

Table 3 Sources of B-carotene-rich fruits and vegetables

Not eaten* Bought Own garden Community garden Neighbours, family, friends

Butternut

With gardens 2 4 86 2 6

Without gardens 37 43 4 0 16
Carrots

With gardens 30 18 48 0 4

Without gardens 78 16 2 0 4
Imifino

With gardens 4 2 94 0 0

Without gardens 2 0 80 6 12
Pumpkin

With gardens 51 0 47 0 2

Without gardens 20 0 72 4 4
Spinach

With gardens 70 2 26 0 2

Without gardens 98 0 0 0 2
Sweet potato

With gardens 62 0 20 0 18

Without gardens 96 0 0 0 4
Mango

With gardens 66 30 4 0 0

Without gardens 86 14 0 0 0
Paw-paw

With gardens 36 4 18 0 42

Without gardens 80 0 2 0 18
Peach

With gardens 64 34 0 0 2

Without gardens 80 20 0 0 0

* Not eaten during the month prior to the survey.
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project garden, and to a lesser extent in children from
households without a project garden. From Table 2 it can
be calculated that at least 85% of the vitamin A intake in
both groups originated from B-carotene-rich fruits and
vegetables. The increased intake of vitamin A in children
from households without a project garden was a result of
an increased awareness in the community, created not
only by the visibility of the demonstration and project
gardens, but also by a nutrition education programme that
was linked to the food production programme and run at
the Isizinda.

Because of this newly created awareness and because
of the popularity of butternuts within the community, the
shop owner saw an opportunity: whereas butternuts were
previously not available, butternuts are now freely
available in the local shops. The availability of butternuts
in the local shops is valued as a significant outcome of this
project as this could potentially impact on the dietary
intakes of the entire population.

Although not all households participated in the project
(participation was voluntary), all of the mothers/care-
givers of the pre-school children attending the Isizinda
received the nutrition education, and all children received
cooked vegetables from the demonstration garden on the
day of growth monitoring. Although some mothers opted
not to have a project garden, many of them realised the
nutritional benefits of these fruits and vegetables and
negotiated with family, friends or neighbours to obtain
some of these fruits and vegetables for their children.

Another factor that could have influenced the vitamin A
intake in both groups is an increased intake of imifino
and pumpkin. It was previously shown that although
these food items are produced locally, the quantity grown
and eaten was low'?. The awareness created resulted in
an increased intake — both imifino and pumpkin were
reported during the 24-hour recall period for approxi-
mately half of the children from households without a
project garden.

It could be argued that a community far away should be
used as control area to prevent awareness having an
influence on dietary intakes. It is not always easy to define
an appropriate control group because it is difficult to
determine the exact boundaries between communities
that are influenced by a programme and those that are
not. If a control community is chosen far away from the
intervention community other factors could lead to a
difference, or changes within the experimental commu-
nity that could influence the outcome of a study will not
be picked up. Although the vitamin A intake of children
from households without a project garden was affected by
the awareness created by the project through the
availability of butternuts in the local shops, negotiations
between households and increased consumption of
locally grown imifino and pumpkin, these factors will
also affect children from households with project gardens.
This is clearly seen by the fact that imifino was reported
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during the 24-hour recall period for 64% of children from
households with a project garden, and furthermore that
42% of these households with project gardens obtained
paw-paws from family, friends or neighbours. However,
the significantly higher vitamin A intake of children from
households with a project garden, as compared with
those without a project garden, shows that home-gardens
targeting B-carotene-rich fruits and vegetables are an
effective way to improve the vitamin A content of the diet
of children in a rural area.

There are several indications that an increased vitamin
A intake through fruits and vegetables will result in an
improved vitamin A status. A positive relationship
between the consumption of carotene-rich fruits, such
as mango, and vitamin A status has been reported'®. In
Japanese men, a positive association was found between
changes in the intake frequency of green and yellow
vegetables and changes in serum B-carotene levels®.
Although de Pee et al. showed that dark-green leafy
vegetables had no effect on vitamin A status because of
their low bioavailability'®, among 2—15-year-old children
in Bangladesh serum vitamin A levels were strongly
associated with food intake, the most significant associa-
tion being with consumption of dark-green leafy vege-
tables'”. In children aged 2—6 years consumption of green
leafy vegetables with added fat resulted in improved
vitamin A status'®!?.

In Vietnam a community nutrition project focusing on
household food production, especially carotene-rich
fruits and vegetables, and nutrition education resulted in
a significant reduction in the incidence and severity of
acute respiratory infections, and the incidence of
diarrhoeal disease in young children®.

In addition to the health benefits of increased intake of
B-carotene-rich fruits and vegetables, the home-gardens
introduced more variety in the diets of these children,
specifically regarding fruit and vegetable intake. Before
the onset of the project, vegetables consumed were
mainly tomatoes, cabbage, pumpkin and imifino. Vege-
tables introduced by the project were butternuts, carrots,
spinach and an orange-fleshed sweet potato.

The main objective of the gardens was obtained,
namely, a significant increase in vitamin A intake. The
gardens had an additional benefit in that the intake of
various other nutrients also increased. The trend for
children from households with a project garden to have a
higher calcium intake than children from households
without a project garden can be ascribed to the increased
intake of imifino. Keeping in mind that the overall
calcium intake of these children was very low, this is a
positive effect.

In addition to the health benefits, the production of
these food items at household level has the potential for
income generation and therefore social uplifting of these
households and eventually the community as a whole.

A community-based food production programme
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targeting B-carotene-rich fruits and vegetables resulted in
a significant increase in vitamin A intake, in children from
households with project gardens as well as in children
from households without project gardens. Vitamin A
intake was significantly higher in those children from
households with project gardens.
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