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Seasonal availability and dietary intake of
b-carotene-rich vegetables and fruit of 2-year-old
to 5-year-old children in a rural South African
setting growing these crops at household level

MIEKE FABER1 & RIA LAUBSCHER2

1Nutritional Intervention Research Unit and 2Biostatistics Unit, South African Medical Research

Council, Tygerberg, South Africa

Abstract
This study determined the seasonal availability and dietary intake of b-carotene-rich vegetables
and fruit in a rural South African community growing these crops at household level.
Monitoring year-round availability of vegetables and fruit in five local shops during 2004
showed that b-carotene-rich vegetables and fruit were seldom available in the shops. The dietary
intake of 2-year-old to 5-year-old children was determined during February, May, August and
November in 2004 and 2005 using an unquantified food frequency questionnaire and 5-day
repeated 24-h recall (2005 only). Consumption of b-carotene-rich vegetables and fruit showed
seasonal variation. Inadequate dietary vitamin A intake ranged from 6% in November to 21% in
February and August. b-Carotene-rich vegetables and fruit contributed 49�74% of the total
vitamin A intake. It is concluded that b-carotene-rich vegetables and fruit contribute a major
part of the dietary vitamin A intake. Consumption of individual b-carotene-rich vegetables and
fruit fluctuated according to the season; nonetheless, an adequate dietary vitamin A intake was
maintained throughout the year for the majority of the study population.
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Introduction

In South Africa, one out of three preschool children are vitamin A deficient

(Labadarios et al. 1995) and more than one-half of 1-year-old to 9-year-old children

consume a diet that supplies less than 50% of the required amount of vitamin A

(Labadarios et al. 2000). Vitamin A deficiency leads to reduced resistance to

infectious diseases and has far-reaching consequences on growth, development and

health, especially in children (Ross 1996). High-dose vitamin A supplementation is

being implemented nationally for children aged 6�59 months and for post-partum

mothers within 6�8 weeks of delivery. National vitamin A supplementation coverage

rates are 72.8% for children 6�11 months old, and 13.9% for children 12�59 months

old (Hendricks et al. 2006).

Animal products are the best sources of vitamin A, but they are expensive, especially

for the poor. Fruits and vegetables are a more affordable option. Yellow/orange-fleshed
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vegetables and non-citrus fruit and dark-green leafy vegetables do not contain vitamin

A as such, but they contain provitamin A carotenoids, predominantly b-carotene,

which the human body can convert to vitamin A. The bio-efficacy of b-carotene in

plant foods is much less than previously thought (West et al. 2002). Nonetheless,

consumption of cooked green leafy vegetables (Takyi 1999; Haskell et al. 2004, 2005),

sweet potato (Jalal et al. 1998; Haskell et al. 2004; Van Jaarsveld et al. 2005) and carrots

(Haskell et al. 2005) has been shown to improve vitamin A status.

A fundamental strategy to address vitamin A deficiency in resource-poor commu-

nities is to increase the availability of, access to and, ultimately, the consumption of

b-carotene-rich vegetables and fruit. This can potentially be achieved through

vegetable production at a household level. Locally produced b-carotene-rich vegetables

and fruit can provide a valuable contribution to vitamin A intake in communities where

alternative dietary sources are scarce, as was shown in Bangladesh (Bloem et al. 1996).

Seasonal variation in the consumption of b-carotene-rich vegetables may, however,

result in fluctuations in vitamin A intake (Bouis & Novenario-Reese 1997; Zou et al.

2002).

In a South African study, the production and consumption of yellow/orange-fleshed

vegetables and non-citrus fruit and dark-green leafy vegetables were promoted in a

rural village in KwaZulu-Natal (Faber et al. 2002b). Foods that were promoted

included warm weather crops (butternut squash, orange-fleshed sweet potato), cool

weather crops (carrots, Swiss chard) and tropical fruit (mango, pawpaw). Seasonal

patterns of vegetable and fruit production can potentially impact on dietary vitamin A

intake. In view of the potentially important contribution these vegetables and fruit can

make towards the vitamin A intake and the seasonal fluctuations in the availability of

these vegetables and fruit, it appeared important to quantify the contribution of these

vegetables and fruit to total vitamin A intake in children over seasons. Therefore, the

aim of this study was to determine the seasonal availability of b-carotene-rich

vegetables and fruit, and the contribution of these vegetables and fruit to total vitamin

A intake of 2-year-old to 5-year-old children in a rural community growing these

vegetables at a household level.

Subjects and methods

Population

The study population resided in Ndunakazi and Bhasobha, two neighbouring rural

villages in the Valley of a Thousand Hills in KwaZulu-Natal, South Africa. The

population density is low and the households are scattered over a large mountainous

area. The Ndunakazi village, for example, is estimated to be 11 km long and 1 km

wide with approximately 200 households and, on average, eight persons per house-

hold. The lack of health facilities within the area prompted the implementation of

community-based growth-monitoring activities in 1995 (Faber 2002). Approximately

90% of children aged 5 years and younger are covered by these growth-monitoring

activities (Faber et al. 2003). The high prevalence of vitamin A deficiency (45.9% of

preschool children; Oelofse et al. 1999) in the area prompted the establishment of a

home-garden project that focused on b-carotene-rich vegetables and fruit. The

community-based growth-monitoring activities were used as platform to promote the

production of b-carotene-rich vegetables and fruit for household consumption in

Ndunakazi since 1999 and in Bhasobha since 2001.
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Preliminary survey

From February to December 2003, caregivers of 2-year-old to 5-year-old children who

attended monthly community-based growth monitoring sessions completed a short

questionnaire on the child’s consumption of b-carotene-rich vegetables the previous

week. If not consumed, the reasons were recorded. Availability of b-carotene-rich

vegetables was categorized as very low (0% to B25% of households had access), low

(25% toB50% of households had access), moderate (50% toB75% of households had

access) and high (75�100% of households had access).

Availability of vegetables and fruit in local shops

The availability of vegetables and fruit in the five most accessible local shops were

recorded during 2004. Nutrition monitors visited the shops daily, or as often as

possible. Vegetables and fruit available in these shops were observed and recorded.

Dietary intake of 2-year-old to 5-year-old children

A repeated cross-sectional dietary study was performed during February, May, August

and November in 2004 and 2005. Caregivers of registered 2-year-old to 5-year-old

children of the community-based growth-monitoring project were recruited. Experi-

enced nutrition monitors interviewed the caregivers in their own language (Zulu). The

mothers gave their consent after the purpose and the nature of the study were

explained to them. The Ethics Committee of the Medical Research Council approved

the study.

An unquantified food frequency questionnaire was used for qualitative assessment

of vegetable and fruit intake during 2004 and 2005 (Ndunakazi only). The caregiver

had a choice of five options to describe the child’s usual intake of listed foods. The five

options were: (i) every day; (ii) most days (not every day but at least 4 days per week);

(iii) once a week (at least once a week, but less often than 4 days a week); (iv) seldom

(less than once a week/infrequently); and (v) never.

Dietary intake was quantified using a 24-h recall. The original plan was a single

24-h recall in 2004. However, for vitamin A, which is generally found in high

concentrations in a few foods that are consumed sporadically, within-subject variation

is high, making it difficult to obtain precise estimates of usual intakes in a population

group. Increasing the number of measurement days minimizes within-subject

variation (Gibson 2005). Therefore, five repeated 24-h recalls were done in the

Ndunakazi village for each month that dietary data were collected (February, May,

August and November) in 2005. The interviews were from Monday to Friday. The

period covered by the 24-h dietary recall included one weekend and four weekdays

(Sunday�Thursday).

Fresh food, plastic food models, household utensils, and three-dimensional sponge

models were used to quantify and record food consumption for the previous day. In

addition, dry oats was used to quantify portion sizes of certain food items, especially

cooked food. The caregiver used the dry oats to indicate the quantity resembling

the amount of food that the child ate. The fieldworker quantified the dry oats with

a measuring cup. Food intake reported in household measures was converted

into weight using the MRC Food Quantities Manual (Langenhoven et al. 1991a).

The SAS software package (version 9.1; SAS Institute Inc., Cary, NC, USA) was used
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to convert food intake to macronutrients and micronutrients, using the MRC

Food Composition Tables (Langenhoven et al. 1991b) as the food database. The

MRC Food Composition Tables (database) serve as the main reference source for

nutritional professionals and the food industry, and are used by nutrition and dietetic

training institutions in South Africa.

The prevalence of inadequate dietary vitamin A intake was determined by

calculating the proportion of children with intakes below the estimated average

requirement (EAR) that was published by the Institute of Medicine (National

Academy of Sciences 2000a).

Results

Preliminary survey

Data were collected for 187 children aged 2�5 years. Figure 1 shows the percentage of

children who consumed b-carotene-rich vegetables the preceding week for February�
December 2003. Unavailability was the main reason for not consuming these

vegetables during the off-season. The availability of these vegetables throughout the

year is presented in Table I. For butternut squash, consumption was highest during

the first quarter of the year; the majority of households did not have access to butternut

squash for the period April�December. For pumpkin and orange-fleshed sweet potato,

consumption was highest during the first half of the year; the majority of households

did not have access to these vegetables during the second half of the year. For carrots

and spinach, consumption was highest during the second half of the year; the majority

of households did not have access to these vegetables during the first half of the year.

Availability of vegetables and fruit in local shops

Table II presents the number of days per month each shop was visited. Figures 2 and 3

show the proportion of days certain vegetables and fruits were observed in the shops.

Potato, cabbage, onions and tomato were available most of the time in all five shops.

For yellow/orange-fleshed vegetables, pumpkin was never available, butternut squash

was available for 2% of the recordings during February, and carrots for 5% during

March. In terms of fruit, apples and bananas were available for most of the time, while

the availability of oranges fluctuated. For yellow/orange-fleshed non-citrus fruit,

mangoes were never available, some yellow peaches were available during February

(20%), March (22%) and April (5%), and some pawpaws were available during July

(2%), August (1%) and December (13%).

Dietary intake of 2-year-old to 5-year-old children

In total, caregivers of 139 and 56 children were interviewed during 2004 and 2005,

respectively. During 2005, a 5-day repeated 24-h recall was carried out in Ndunakazi

(not Bhasobha), and only caregivers who were able and willing to be interviewed on

five consecutive days were included. This explains the smaller sample size for 2005

compared with 2004. Because of logistics it was not possible to interview caregivers of

all the children each month.

Figure 4 shows the proportion of children who consumed b-carotene-rich

vegetables and fruit at least once per week. Although the absolute values differed
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Figure 1. Proportion of 2-year-old to 5-year-old children who consumed b-carotene-rich vegetables the

previous week during 2003.
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slightly between 2004 and 2005, the seasonal pattern within the two years was similar.

Butternut squash was consumed mostly in the first quarter of the year. Although

carrots were consumed throughout the year, the highest consumption was during

November. Consumption of orange-fleshed sweet potato was low throughout the

year. Of the dark-green leafy vegetables, spinach was consumed mostly during the

second half of the year, and imifino (a collection of various dark-green leaves eaten as a

vegetable; the leaves either grow wild or come from vegetables such as pumpkin,

beetroot and sweet potato) at the beginning and at the end of the year. Paw-paw was

consumed mostly during the latter part of the year.

Quantified dietary intake was measured by a 5-day repeated 24-h recall for a total of

56 children in Ndunakazi during 2005. Because of logistics not all the children were

included on all four occasions (47�48 children per month).

The distribution of some nutrients was skewed. Table III therefore presents the

micronutrient intakes as the median and interquartile range, namely Q1 (25th

percentile) and Q3 (75th percentile). Dietary analysis was repeated, excluding all

b-carotene-rich vegetables and fruit. These vegetables and fruit contributed between

49% and 74% of the total vitamin A intake (Table III).

The EAR of the Dietary Reference Intakes published by the Institute of Medicine

(National Academy of Sciences 1997, 1998, 2000a, 2000b) is presented in Table III.

The EAR is the average daily nutrient intake level estimated to meet the requirement

of one-half of the population. As there is no EAR for calcium, the adequate intake

is given. Dietary intake for the group is considered nutritionally adequate if the

mean intake for the group is at or above the adequate intake. Table IV shows that the

Table I. Availability of b-carotene-rich vegetables for household consumption in 2003.

First quarter Second quarter Third quarter Fourth quarter

Carrots � � �� ��
Butternut squash �� � � �
Pumpkin ��� � � �
Orange-fleshed sweet potato �� � � �
Spinach � � ��� ��

�, very low availability (0% to B25% of households); �, low availability (25% to B50% of households);

��, moderate availability (50% toB75% of households); ���, high availability (75�100% of households).

Table II. Number of days per month each shop was visited in 2004.

Shop 1 Shop 2 Shop 3 Shop 4 Shop 5

January � � 16 14 5

February 5 12 16 4 19

March 17 16 17 14 23

April 14 18 15 10 22

May 9 14 10 10 18

June 12 14 12 10 22

July 19 22 19 11 22

August 12 16 11 10 22

September 13 19 15 9 24

October 14 20 19 9 21

November 14 21 16 11 21

December 4 � � 4 22
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prevalence of inadequate dietary vitamin A intake (below the EAR of 210 Retinol

Equivalents (RE) for 3-year-old and 275 RE for 4-year-old children) was approxi-

mately 20% or less, with the lowest prevalence during the last quarter of the year

(November, 6%). When b-carotene-rich vegetables and fruit were excluded from the

dietary analysis, more than 70% of children had an inadequate dietary vitamin A

intake, with the highest prevalence in the first quarter of the year (February, 90%).

Table V presents the frequency at which vegetables and fruit were reported for the

4 months separately. Butternut squash and pumpkin are reported together, as the food

database did not distinguish between these two foods.

Discussion

Yellow/orange-fleshed vegetables and fruit and dark-green leafy vegetables were not

widely available in the local shops in this rural village. The unavailability of these

b-carotene-rich vegetables and fruit in rural areas should be taken into account when
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Figure 2. Proportion of days certain vegetables were observed in five local shops in 2004.
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vegetable and fruit consumption is promoted. Yellow/orange-fleshed vegetables and

fruit and dark-green leafy vegetables are often promoted because of their potential

favourable effect on vitamin A status. South Africa has a set of food-based dietary

guidelines that forms the core of the Government’s nutrition education messages to

promote healthy eating habits among South Africans. Within the guideline ‘Eat plenty

of fruit and vegetables’, it is suggested that, for example, a yellow and a green

vegetable are eaten with the main meal of the day (Department of Health 2004).

South Africa has also adopted the 5-a-day programme, and the mission of the

‘5-a-Day for Better Health Trust’ is, through promotion and education, to increase

the consumption of fresh fruit and vegetables by South Africans (About 5-a-day

2004).

In areas where b-carotene-rich vegetables and fruit are not available in local shops,

the community will not have easy access to these foods unless they produce it locally.

Production of b-carotene-rich vegetables and fruit for household consumption was

promoted in the area, and a favourable effect on vitamin A intake has previously been

reported (Faber et al. 2002a). Vegetable-garden projects should take into account that

climatic and seasonal patterns affect the production of b-carotene-rich vegetables and

can therefore impact on dietary vitamin A intake.

Available Not available
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Figure 3. Proportion of days certain fruits were observed in five local shops in 2004.
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Seasonal variation in the availability and consumption of b-carotene-rich vegetables

and fruits was observed in the study population. Of the yellow/orange-fleshed

vegetables, butternut squash, pumpkin and orange-fleshed sweet potato are warm

weather crops and were consumed mostly during the first half of the year, while
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Figure 4. Proportion of children who consumed b-carotene-rich vegetables and fruit at least once a week

during 2004 (in Ndunakazi and Bhasobha) and 2005 (in Ndunakazi).
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Table III. Micronutrient intake of 2-year-old to 5-year-old children during February, May, August and November 2005, as determined by a 5-day repeated 24-h dietary

recall.

February 2005 (n�48) May 2005 (n�47) August 2005 (n�48) November 2005 (n�48)

Nutrient EAR Median Q1; Q3 Median Q1; Q3 Median Q1; Q3 Median Q1; Q3

Calcium (mg) 500a Totalc 202 (161; 258) 201 (136; 252) 195 (171; 247) 265 (218; 322)

800b Excld 130 (107; 195) 164 (121; 211) 162 (138; 192) 189 (150; 235)

%e 64 81 83 71

Iron (mg) 3.0f Total 5.9 (4.9; 8.3) 5.5 (4.8; 6.6) 6.1 (5.0; 7.2) 8.0 (6.3; 9.9)

4.1g Excl 4.4 (3.4; 5.8) 4.8 (4.2; 5.7) 4.9 (3.8; 5.9) 5.5 (4.8; 6.7)

% 74 87 80 69

Magnesium (mg) 65f Total 191 (156; 229) 188 (164; 224) 194 (167; 236) 218 (201; 260)

110g Excl 164 (140; 199) 172 (153; 208) 171 (150; 213) 185 (166; 225)

% 86 91 88 85

Zinc (mg) 2.2f Total 3.9 (3.2; 5.1) 4.2 (3.7; 4.9) 4.1 (3.4; 5.5) 4.7 (4.1; 5.8)

4.0g Excl 3.5 (2.8; 4.7) 4.2 (3.6; 4.8) 3.9 (3.1; 5.4) 4.4 (3.9; 5.6)

% 90 100 95 94

Vitamin A (RE) 210f Total 382 (382; 591) 328 (223; 442) 482 (241; 562) 488 (488; 771)

275g Excl 99 (62; 161) 168 (92; 260) 130 (80; 162) 150 (106; 420)

% 26 51 27 31

Thiamine (mg) 0.4f Total 0.62 (0.53; 0.74) 0.66 (0.57; 0.77) 0.62 (0.59; 0.77) 0.69 (0.60; 0.80)

0.5g Excl 0.61 (0.50; 0.70) 0.63 (0.53; 0.77) 0.60 (0.53; 0.72) 0.66 (0.57; 0.76)

% 98 95 97 96

Riboflavin (mg) 0.4f Total 0.80 (0.59; 1.15) 0.80 (0.62; 1.04) 0.86 (0.65; 0.18) 0.92 (0.71; 1.19)

0.5g Excl 0.68 (0.46; 1.05) 0.74 (0.59; 0.95) 0.72 (0.49; 1.10) 0.77 (0.53; 1.04)

% 85 92 84 84

Niacin (mg) 5.0f Total 4.5 (3.9; 5.9) 5.2 (4.5; 7.0) 4.8 (3.9; 6.3) 5.7 (5.1; 7.0)

6.0g Excl 4.4 (3.5; 5.6) 5.1 (4.3; 6.9) 4.7 (3.8; 6.1) 5.6 (4.8; 6.9)

% 98 98 98 98
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Table III (Continued)

February 2005 (n�48) May 2005 (n�47) August 2005 (n�48) November 2005 (n�48)

Nutrient EAR Median Q1; Q3 Median Q1; Q3 Median Q1; Q3 Median Q1; Q3

Vitamin B6 (mg) 0.4f Total 0.68 (0.58; 0.95) 0.82 (0.68; 0.96) 0.78 (0.66; 1.04) 0.85 (0.73; 1.03)

0.5g Excl 0.66 (0.55; 0.94) 0.79 (0.65; 0.90) 0.76 (0.61; 0.95) 0.79 (0.71; 1.01)

% 97 96 97 93

Vitamin B12 (mg) 0.7f Total 0.36 (0.22; 0.63) 0.73 (0.36; 1.83) 0.48 (0.26; 1.05) 0.54 (0.20; 2.77)

1.0g Excl 0.36 (0.22; 0.63) 0.73 (0.36; 1.83) 0.48 (0.26; 1.05) 0.54 (0.20; 2.77)

% 100 100 100 100

Folic acid (mg) 120f Total 169 (133; 239) 173 (145; 215) 229 (181; 287) 225 (187; 298)

160g Excl 162 (126; 237) 160 (128; 199) 200 (153; 234) 221 (174; 288)

% 96 92 87 98

Vitamin C (mg) 13f Total 29 (19; 39) 37 (29; 56) 40 (29; 58) 52 (42; 65)

22g Excl 23 (16; 32) 33 (26; 54) 36 (23; 47) 44 (33; 54)

% 79 89 90 85

Data presented as the median and interquartile range (Q1; Q3). aAdequate intake for age 2 and 3 years. bAdequate intake for age 4 and 5 years. cTotal dietary intake.
dExcluding b-carotene-rich vegetables and fruit. ePercentage of total intake � nutrient supplied by dietary sources other than b-carotene-rich vegetables and fruit. fEAR

for age 2 and 3 years. gEAR for age 4 and 5 years.
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carrots were consumed mostly during the second half of the year. The period of

availability of spinach and imifino complemented each other, with spinach being

available during the latter part of the year, and imifino mostly during the first half

of the year. Locally produced spinach (Swiss chard), together with indigenous wild

greens and the leaves of pumpkin and sweet potato, can therefore provide a

continuous supply of dark-green leafy vegetables throughout the year. This highlights

the importance of promoting a variety of b-carotene-rich vegetables to ensure year-

round availability.

South Africa is one of the partner countries in the Vitamin A for Africa initiative,

which promotes the production and consumption of orange-fleshed sweet potato to

alleviate vitamin A deficiency in sub-Saharan African countries. In KwaZulu-Natal

(the province where the study population resided), the planting season for the orange-

fleshed sweet potato is from September to January (Faber et al. 2006), although this

may vary according to climatic fluctuations. The sweet potato can be harvested

5 months after the planting date. Provided that the planting is staggered during the

Table IV. Prevalence of inadequate dietary vitamin A intake of 2-year-old to 5-year-old children during

February, May, August and November 2005, as determined by a 5-day repeated 24-h dietary recall.

Vitamin A

intake BEARa

February 2005

(n�48)

May 2005

(n�47)

August 2005

(n�48)

November 2005

(n�48)

Totalb 21 19 21 6

Exclc 90 72 83 73

Data presented as percentages. aEAR�210 for 3 year olds and EAR�275 for 4 year olds (National

Academy of Science 2000a). bTotal dietary intake. cExcluding b-carotene-rich vegetables and fruit.

Table V. Number of times vegetables and fruit were reported during the 5-day repeated recall period for

2-year-old to 5-year-old children.

Food

February 2005

(n�48)

May 2005

(n�47)

August 2005

(n�48)

November 2005

(n�48)

Fruit

Apple 34 37 24 50

Banana 42 37 43 21

Grapes 17 � � �
Mango � � � 7

Naartjie � 3 2

Orange 8 34 44 43

Paw-paw 3 4 20 36

Peach 7 � � 6

Pear 11 8 9 2

Plum 1 � � �
Mango juice 5 4 � �
Peach juice 2 � � �

Vegetables

Cabbage 54 81 71 74

Carrots 4 2 3 9

Pumpkin or butternut squash 58 40 7 �
Orange-fleshed sweet potato 3 2 � �
Imifino 77 20 21 62

Spinach � 15 63 14
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planting season, locally produced orange-fleshed sweet potato should be available

from March to July. This should have been reflected in the May survey, which was not

the case. The disappointingly very low intake of orange-fleshed sweet potato during

May could possibly be explained by the facts that: the households did not practice

staggered planting; the orange-fleshed sweet potato is a newly introduced crop and a

stronger promotion campaign may be needed to sustain a high intake over a period of

time; and the orange-fleshed sweet potato does not easily blend into the traditional

way of eating, emphasizing the importance of developing traditional recipes that

include the orange-fleshed sweet potato.

Paw-paw trees were growing in the area before the intervention, but consumption of

paw-paw was very low. Dietary intake was determined by a single 24-h recall during

February 1999 and 2000, and November 2000 (Faber et al. 2001b). None of the

children consumed paw-paw in the February 1999 survey. Two per cent of the

children consumed paw-paw in the February and November 2000 surveys. It is

therefore encouraging that 36% of the children in the November 2005 survey

consumed paw-paw during the 5-day recall period (it should be kept in mind that the

current study used a 5-day repeated recall, while the other studies used a single recall).

Seasonal patterns of vegetable production can potentially impact on dietary vitamin

A intake. Although vitamin A intake was lower during May than November, this

difference is not considered of major physiological importance. Throughout the year,

approximately 20% or less of the children had an inadequate dietary vitamin A intake.

With the exception of May, b-carotene-rich vegetables and fruit supplied almost 70%

of the total vitamin A intake. This is consistent with data that suggest approximately

80% of the vitamin A intake in Africa is from plant sources (World Health

Organization 1995). When excluding the contribution of b-carotene-rich vegetables

and fruit to the total dietary vitamin A intake, more than 70% of the children had an

inadequate dietary vitamin A intake. Within-subject variation makes it difficult to

obtain precise levels for inadequate vitamin A intake, and dietary intake should thus

be recorded for several days (Gibson 2005). It was not feasible to record dietary intake

for more than 5 days per month. This is not seen as a major limitation as the study

population consumed a monotonous cereal-based diet, which will probably reduce

within-subject variation.

The b-carotene-rich vegetables and fruit also contributed towards the total dietary

intake of, especially, calcium and iron, and, to a lesser extent, magnesium, riboflavin

and vitamin C.

Data from the food frequency questionnaire showed that carrots were consumed

throughout the year, suggesting that the study population obtained some vegetables

from shops outside of the area. The consumption of carrots reported for the 5-day

recall period was much lower than the consumption reported using a food frequency

questionnaire. Although this discrepancy cannot be explained, it can be speculated

that carrots were used in dishes, such as stews, and were not identified during the 24-h

recall. Although the food frequency questionnaire and the 24-h recall data showed

similar trends for most of the b-carotene-rich vegetables and fruit, it differed for some

(e.g. carrot consumption). It is therefore important to include more than one dietary

methodology in a survey.

In terms of individual b-carotene-rich vegetables and fruit reported during the four

study periods (February, May, August and November), consumption of these foods

differed according to the season. This should be taken into consideration when
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different studies are compared, or when before�after studies are carried out. When

reporting dietary data it may be better to report the consumption of b-carotene-rich

vegetables and fruit grouped together, rather than each vegetable and fruit

individually.

It is important to note that this study was carried out in an area where the

production and consumption of yellow/orange fleshed vegetables and fruit and dark-

green leafy vegetables were promoted through a home-garden project. Before

implementation of the home-garden project the intake of vitamin A-rich foods was

low, resulting in a median vitamin A intake of 35% of the required amount (Faber

et al. 2001a). The garden project resulted in an increased intake of yellow/orange-

fleshed and dark-green leafy vegetables, and as a result the intake of vitamin A and

various other essential micronutrients (e.g. calcium, iron and vitamin C) increased

(Faber et al. 2002a). This study showed that production and consumption of a variety

of b-carotene-rich vegetables and fruit could sustain an adequate vitamin A intake

throughout the year for the majority of the population. This was achieved by local

production of a variety of b-carotene-rich vegetables and fruit, and by staggered

planting, which lengthens the period of availability.
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