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This study investigated the - and B-carotene content and provitamin A value of four leafy vegetables
sold at local and street markets in Vigosa, MG, Brazil, in the spring and winter of 2002. Carotenoids were
analyzed by high-performance liquid chromatography. o--Carotene was detected in all samples sold during
spring, but was only present in a few samples of smooth and curly lettuce and kale in winter. B-Carotene was
found in marked quantities in all leafy vegetables analyzed. Duncan’s test (o = 5%) showed significantly
higher o-carotene content in curly lettuce and vitamin A value in large-leaved watercress in the spring.
Mean B-carotene content and vitamin A value were 7544, 8751, 2584, 2792, 8193, and 5338 pg/100 g and
666, 760, 227, 238, 698, and 460 g RAE/100 g in large-leaved and hydroponic watercress, smooth and
curly lettuce, kale and spinach, respectively. All leafy vegetables analyzed represent important sources of
provitamin A and supply an important part of the daily requirements of children and adults.

Uniterms: o-Carotene. B-Carotene. Leafy vegetables/analysis. Provitamin A.

Investigou-se o contetido de o e B-caroteno e avaliou-se o valor pro-vitaminico A de quatro hortaligas
folhosas comercializadas em mercados locais e feira- livre de Vigosa, MG durante a primavera ¢ o
inverno de 2002. Os carotendides foram analisados por Cromatografia Liquida de Alta Eficiéncia
(CLAE). O o-caroteno foi detectado em todas as amostras analisadas na primavera, porém no inverno,
somente algumas amostras de alface crespa e lisa, e couve apresentaram tal carotendide. O B-caroteno foi
encontrado, em quantidades apreciaveis, em todas as hortaligas folhosas analisadas. O teste de Duncan
(0=5%) detectou que o contetido de o-caroteno em alface crespa e o valor de vitamina A em agrido de
folha larga foram estatisticamente superiores na primavera. Os teores médios de B-caroteno e de valor de
vitamina A para agrido de folha larga e hidroponico, alface crespa e lisa, couve e espinafre foram: 7544;
8751;2584;2792; 8193; 5338 ug/100g e 666; 760; 227; 238; 698; 460 ug RAE/100g, respectivamente.
Todas as hortaligas folhosas analisadas constituem importantes fontes de provitamina A e suprem grande
parte das recomendagdes diarias de criancas e adultos.

Unitermos: o-caroteno. B-caroteno. Hortaligas folhosas/analise. Pro-vitamina A.

INTRODUCTION micronutrients (Barbosa-Filho et al., 2008). Carotenoids
have raised continued interest because of studies demons-

Dark green leafy vegetables are good sources of ~ trating their role in the prevention of certain types of
minerals and vitamins (Raju ez al., 2007), and are impor- ~ cancer, such as lung, breast, oral cavity, colon and rectal
tant because they are rich in provitamin A carotenoids ~ cancer (Barbosa-Filho ez al., 2008; Melendez-Martinez,
(Graebner et al., 2004; Zanutto, Jorddo, Vannucchi, 2003).  Vicario, Heredia, 2004; Silva, Naves, 2001; Fontana et
Since humans are unable to synthesize carotenoids, they ~ al.,2000; Olson, 1999; Cozzi et al., 1997), their inhibitory

exclusively depend on dietary intake as a source of these ~ action against gastric ulcers, their action on the immune
system, and their role in the prevention of cardiovascular
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Due to their tropical and subtropical climate, deve-
loping countries, especially Brazil, count on large sources
of carotenoids (Rodriguez-Amaya, 2000), such as leafy
vegetables, which are relatively inexpensive and readily
available throughout the year. In view of the high cost of
foods of animal origin, vegetables account for 82% of
dietary vitamin A intake in developing countries (Van Den
Berg et al., 2000).

Vitamin A deficiency continues to be a public health
problem in various regions of Brazil and is associated
with the limited intake of vitamin A-containing foods
(Brasil, 2007). Strategies to combat vitamin A deficiency
in developing countries are based on the consumption of
foods rich in provitamin carotenoids (Zanutto, Jordao,
Vannucchi, 2003; Gibson, Hotz, 2001). Intervention pro-
grams should be adopted in Brazil to prevent and/or reduce
vitamin A deficiency, including nutritional education and
food fortification for risk populations (Milagres, Nunes,
Pinheiro-Sant’ Ana, 2007).

However, numerous factors may interfere with the
carotenoid content of foods, such as maturation stage
(Rodriguez-Amaya, 2000), differences between plant
varieties (Olson, 1999), climate conditions, soil type,
effect of agrochemicals, differences in distribution among
distinct parts of the plant, cultivation conditions, presence
of damage to the plant structure, exposure to light, and
storage and processing conditions (Amaya-Farfan, 1999).
One important factor affecting the carotenoid content of
foods is the commercialization condition of vegetables
by establishments such as street and local markets. The
Brazilian system of distribution of fruits and vegetables
has been characterized over the last decades by a shift in
importance from traditional suppliers such as street ma-
rkets to supermarkets, greengrocers and grocery stores
(Poletto, Carvalho, Salay, 1996; Rezende, Castro, Starling,
1995). This change is explained by consumer preference in
terms of the localization of the establishment, availability
of parking, price, appearance of the clean product, perso-
nal safety, possibility of rapid purchase, and a variety of
products other than fruits and vegetables (Fonseca, Silva,
Salay, 1999).

Studies investigating the provitamin A carotenoid
content of vegetables during the four seasons of the year are
controversial. According to Azevedo and Rodriguez-Amaya
(2005), carotenoid content is affected by climate alterations,
with exposure to sunlight and higher temperatures increa-
sing the biosynthesis of carotenoids but, at the same time,
inducing photodegradation, thus reducing their levels in
plants. Studies investigating the carotenoid content of leafy
vegetables are important to provide better information to
consumers and healthcare workers since they estimate the

daily intake of carotenoid-rich foods and their relationship
with health and disease (Raju ez al., 2007).

Therefore, the objective of the present study was to
evaluate the o~ and B-carotene content and provitamin A
activity of leafy vegetables sold at local and street markets
in Vicosa, Minas Gerais, Brazil, in the spring and winter
0f2002.

MATERIAL AND METHODS
Sample collection and preparation

Samples of the following four types of leafy vege-
tables were collected on three different days at four sites
of sale (three local markets and one street market) during
spring and winter: large-leaved and hydroponic watercress
(Nasturtium officinale), curly and smooth lettuce (Lactuca
sativa), kale (Brassica oleracea var. acephala), and spi-
nach (Spinacea oleracea).

The markets were chosen based on observations
made during previous visits to select those that sell the
same vegetables grown at similar locations and under
similar conditions. At the street market, stands presenting
similar conditions, cultivation sites and commercializa-
tion were selected. The leafy vegetables sold at the street
market were produced in the rural area of Vigosa by the
marketers themselves, whereas the vegetables sold at the
local markets were produced in neighboring regions such
as Coimbra, Porto Firme and Paraiso (rural area of Vigo-
sa), or were from the Central Supply Market (CEASA) of
Belo Horizonte. At the street market, the leafy vegetables
were sold in the same day they were harvested at stands
exposed to the sun or covered with a plastic sheet. At the
local markets, the vegetables were exposed to ambient
temperature for 24 h or longer.

After collection, the samples were stored in a re-
frigerator at 5-10 °C until the time of analysis. About 30
g of each vegetable was collected, stored in transparent
plastic bags, covered with aluminum foil, identified and
sent to the laboratory. The vegetables were washed under
running water, dried on paper towels, cut into small pieces,
and homogenized for subsequent trituration. Extraction
of carotenoids from the vegetables was performed on the
same day of collection.

Reagents and equipment

The following analytical grade reagents were used
for preparation of the samples: acetone, petroleum ether,
anhydrous sodium sulfate, ethyl ether, Hyflosupercel, and
magnesium oxide.
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The samples were filtered using Whatmann No. 40
ash-free filter paper (England), 3-mL sterile disposable
syringes (Arrow Medical Supply Co. Ltd., Korea), and
0.45-um Millex-HV filter units made of polyethylene
(Millipore, Brazil).

The mobile phase consisted of HPLC grade metha-
nol and acetonitrile (OmniSolv, EM Science, USA) and
ethyl acetate (Merck, Brazil).

Abench grinder (MA 102, Marconi), vacuum pump,
and rotary evaporator (model 344.1, Quimis) were used
for sample preparation. The mobile phase was degasified
in an ultrasonic bath (T-14, Odontobras).

For high-performance liquid chromatography
(HPLC), a Shimadzu LC chromatograph equipped with
a high-pressure pump, manual injector with a 50-puL size
loop, Lichrospher 100 column RP-18 (Merck; 5 um, 250
mm long x 4 mm internal diameter), and UV-visible spec-
trophotometer detector (model SPD 10 AV, Shimadzu)
was used.

Extraction of carotenoids

Carotenoids were extracted according to the method
described by Rodriguez et al. (1976), with some modifi-
cations. About 5 g of each sample was triturated with cold
acetone in a bench grinder and vacuum filtered through a
Biichner funnel containing ash-free filter paper. The ex-
tract was transferred in a stepwise fashion to a separation
funnel containing cold petroleum ether and then washed
in distilled water until complete removal of the acetone.
Anhydrous sodium sulfate was added to remove any
residual water. The extract was concentrated in a rotary
evaporator at 35-37 °C. The pigments were stored in amber
glass flasks sealed with aluminum lids and frozen at 5 °C
until the time of carotenoid analysis.

All chemical analyses were performed in the dark,
with care taken to protect the pigments from light and
oxygen by using amber glassware or aluminum foil to
wrap the glassware.

Chromatographic analysis

The presence of carotenoids in the samples was
analyzed by HPLC. About 1 to 2 mL of the extract stored
in petroleum ether was evaporated under a nitrogen flow
and resuspended in acetone. The extracts were then filtered
through a 0.45-pm filter unit and 20 to 30 uL of the sample
was injected into the chromatographic column.

The chromatographic conditions used were tho-
se described by Pinheiro-Sant’Ana et a/l. (1998), with
some modifications: Shimadzu chromatograph; mobile
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phase consisting of methanol:acetonitrile:ethyl acetate
(80:10:10); flow rate of the mobile phase: 2.0 mL/min;
run time: 13 min.

Preparation of the o- and B-carotene standards

o-Carotene and B-carotene extracted from carrots
by open-column chromatography according to Pinheiro-
Sant’Ana et al. (1998) were used as vitamin standards.
Briefly, about 20 g of carrots was triturated with ace-
tone and petroleum ether was added. A magnesium
oxide:Hyflosupercel (1:2) column was used, with the
mobile phase consisting of 2% ethyl ether in petroleum
ether. The carotenoids obtained were identified using the
following parameters: order of elution of the fractions
from the column; color of the eluted pigments; HPLC re-
tention time, and absorption spectra of the carotenoids of
interest. The o- and B-carotene solutions were quantified
by spectrophotometry based on maximum absorbance
according to Beer’s law. The absorption coefficients (2800
and 2592) and wavelengths of maximum absorption (444
and 449 nm) of o~ and B-carotene, respectively, were ob-
tained according to Rodriguez-Amaya (1989). External
standard curves were used for the quantification of ¢- and
B-carotene in the samples.

Calculation of vitamin A value

Vitamin A value is expressed as retinol activity equi-
valent (RAE) per 100 g sample according to the conversion
factors for vitamin A value established by the Institute
of Medicine (IOM, 2001). The IOM defines that 1 RAE
corresponds to 1 ug retinol or 12 pg B-carotene or 24 pg
of other provitamin carotenoids.

Experimental design

A completely randomized design in a factorial
scheme consisting of four sampling sites (4 levels),
two seasons of the year (2 levels) and three replicates
for each vegetable was used. Statistical analysis was
performed using the SAS program (Statistical Analysis
System), version 9.1, licensed by Universidade Federal
de Vigosa. Carotenoid content was analyzed by analysis
of variance (ANOVA) (0=5%) to determine significant
differences between sampling sites, seasons of the year
and the interaction between sampling site and season
of the year. Duncan’s multiple range test (a=5%) was
used to analyze differences in mean carotenoid content
between treatments that showed significant differences
by ANOVA.
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RESULTS AND DISCUSSION

Qualitative analysis of o- and B-carotene in
vegetables

Figure 1 shows typical chromatograms obtained for
samples of the vegetables studied.

a-Carotene was found in the four types of leafy
vegetables analyzed, but was not detected in some
samples during winter. According to Mercadante and
Rodriguez-Amaya (1991), when detected, o.-carotene
is present in small amounts in leafy vegetables. Abdel-
Kader (1991), Heinonen et a/l. (1989) and Bureau and
Bushway (1986) detected ai-carotene in lettuce sam-
ples but not in spinach. Godoy and Rodriguez-Amaya
(1998) found no a-carotene in watercress. In a study
analyzing 11 leafy vegetables, a.-carotene was only
detected in kale, amaranth, parsley and taro (Merca-
dante, Rodriguez-Amaya, 2001). In a literature review
of data regarding sources of carotenoids published by
Barbosa-Filho ef al. (2008), o- and B-carotene were
found in kale, lettuce and spinach.

B-Carotene was detected in all leafy vegetables
analyzed. From a nutritional point of view, B-carotene is
considered to be the main provitamin A (Niizu, Rodriguez-
Amaya, 2005; Moreira et al., 2005; Campos et al., 2003;
Almeida-Muradian, Penteado, 2003; Rodriguez-Amaya,
1996).
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Quantitative analysis of a- and B-carotene in
vegetables

The o-carotene content of the leafy vegetable sam-
ples analyzed is shown in Table I. ai-Carotene was detected
in all samples analyzed during spring. However, in the
winter only a few samples of curly and smooth lettuce and
kale contained this carotenoid. A significant difference (p <
0.05) in a-carotene content between the two seasons was
only observed for curly lettuce, with a-carotene content
being higher in the spring.

In the spring, mean a-carotene content was 857,
735,198, 191, 448 and 297 pg/100 g in large-leaved and
hydroponic watercress, curly and smooth lettuce, kale
and spinach, respectively. In the winter, mean a-carotene
content was 58 pg/100 g in curly lettuce, 93 pg/ 100 g in
smooth lettuce, and 182 pg/100 g in kale. Thus, large-
leaved watercress presented the highest o-carotene content
in the spring, whereas curly lettuce presented the lowest
amount in the winter.

Analysis of studies in the literature investigating
the carotenoid composition of leafy vegetables revealed
different results regarding the presence of o-carotene in
the same vegetable, even when the same analytical method
was used (Mercadante, Rodriguez-Amaya, 2001). These
results can be explained by differences between varieties
and cultivars, the effect of climate and soil, and the pre-
sence of minor carotenoids in leaves.

Absorbance (mVolts)

F Beta-carotene

|
0 7

-
n—

Retention time (min)

Absorbance (mVolts)

F Beta-carotene

L T |

0 7 14

Retention time (min)

FIGURE 1. HPLC analysis of carotenes in samples of large-leaved watercress (a) and smooth lettuce (b). Chromatographic conditions:
mobile phase, methanol:acetonitrile:ethyl acetate (80:10:10); RP 18 column; detection at 450 nm; flow rate: 2 mL/min; injection

volume: 30 uL.
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TABLE I - Mean a-carotene content (ug/100 g) of leafy vegetables sold in Vigosa, MG, in the spring and winter of 2002 (values

are expressed on a wet weight basis)

Spring Winter

Leafy vegetable Local markets Local markets Street

| ) 3 Street market | ) 3 market
Large-leaved 603.84a  233.04a 1590242  999.31a * * *
watercress
Hydroponic 82044a  884.6d4a  500.28a
watercress
Curly lettuce 155.04a 150.24a 226.08a 262.32a * 65.04b 51.24b *
Smooth lettuce 155.52a 206.04a 235.08a 165.60a * 54.24a 132.36a *
Kale 441.48a 342.00a 448.80a 561.12a * * 182.28a *
Spinach 289.80a 299.28a 305.04a 294.60a --- * * *
(---) Vegetable not sold at the establishment.
(*) Not detected.

Means within the same row followed by the same letter are not significantly different by ANOVA (p >0.05).
Means within the same row followed by different letters differ significantly by the Duncan test (p < 0.05).

Table I shows the B-carotene content of the leafy ve-
getable samples analyzed. The main carotenoids of green
leaves are lutein, corresponding to 45% of all carotenoids,
and B-carotene, corresponding to 25%, although a marked
variation in their absolute concentration has been reported
(Kimura, Rodriguez-Amaya, 2003; Almeida Muradian,
Vanderlinde, Sasaki, 2000; Rodriguez-Amaya, 1993).

In the spring, mean [-carotene content was 8631,
8751,2602,2857, 8424 and 5726 ug/100 g in large-leaved
and hydroponic watercress, curly and smooth lettuce, kale
and spinach, respectively. In the winter, mean [3-carotene
content was 6095 ng/100 g in large- leaved watercress,
2566 ng/100 g in curly lettuce, 2727 ug/100 g in smooth
lettuce, 7962 ng/100 g in kale, and 4821 pg/100 g in spi-

nach. Thus, large-leaved and hydroponic watercress con-
tained the highest 3-carotene levels in the spring, whereas
in the winter kale was the leafy vegetable that presented
the highest content of this carotene.

No significant difference (p > 0.05) in B-carotene
content was observed between vegetables sold at local
and street markets of Vigosa during spring and winter
(Table II).

Studies have shown that in European countries,
where the climate is temperate and marked climate varia-
tion occurs, the carotenoid content of vegetables varies
significantly over the year (Granado et al., 1992; Heinonen
et al., 1989). Campos et al. (2006) found no variation in
the carotene content of vegetables sold in Vigosa, MG,

TABLE Il - Mean B-carotene content (ug/100 g) of leafy vegetables sold in Vigosa, MG, in the spring and winter of 2002 (values

are expressed on a wet weight basis)

Spring Winter
Leafy vegetable Local markets Local markets
Street market Street market
1 2 3 1 2 3
Large-leaved 7776.26a 4515392 11029.80a 11202.26a 7467.95a  4946.08a  5870.66a
watercress
Hydroponic 8836.61a 922431a  8190.61a
watercress
Curly lettuce 1902.68a  2473.35a  2629.48a  3403.12a  2514.25a  323127a  2267.79a  2252.46a
Smooth lettuce 2815.11a  2361.86a  2672.16a  3580.02a  3095.08a  2725.36a  2984.59a  2101.06a
Kale 8278.81a  7907.47a  7931.88a  9577.69a  9147.77a  8193.74a  7347.24a  7159.64a
Spinach 5821.15a  5298.37a  5003.40a  6779.45a 4876242  4813.57a  4772.11a

(---) Vegetable not sold at the establishment.

Means within the same row followed by the same letter are not significantly different by ANOVA (p > 0.05).
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between three seasons of the year (spring, summer and
autumn), except for green peppers. However, in countries
such as Brazil where differences in climate conditions are
only observed between summer and winter, the carotenoid
content of vegetables may vary between these two seasons.

Although statistical analysis showed no significant
difference in the B-carotene content of vegetable sold
during the two seasons, higher levels of this carotene
were observed in all leafy vegetables sold at the street
market during spring. This finding is probably due to the
shorter period of storage of these vegetables since they
were harvested the previous night or on the same day of
distribution, the shorter transportation time (rural area of
Vigosa) when compared to that of vegetables sold at the
local markets (neighboring regions such as Coimbra, Porto
Firme and Paraiso or even from CEASA-Belo Horizon-
te), and shorter time of commercialization (7 to 12 h). At
the local markets, the vegetables were stored for 24 h or
longer, a fact resulting in the degradation of carotenes.
However, in the winter the vegetables originating from the
local markets presented a higher content of this carotene.

The lack of significant differences in the carotenoid
content of the vegetables studied might be explained by the
marked variation between replicates, sampling sites and
seasons of the year. Analysis should consider the different
types of commercialization of vegetables, including the
location of cultivation, harvest conditions, duration and
type of storage and exposure for sale, in addition to stage
of maturation, varieties, effect of chemical products, and
distribution in the plant (Giuntini et al., 2005; Almeida-
Muradian, Penteado, 2003; Rodriguez-Amaya, 2000;
Amaya-Farfan, 1999; Olson, 1999). One or more factors
may have influenced the carotene content of the samples
analyzed, since this study was conducted under real con-

Large-leaved watercress

Hydroponic watercress
Curly lettuce

Smooth lettuce

Kale

Spinach

ditions of vegetable commercialization in the absence of
control for the parameters described above.
Comparison of the quantitative distribution of
carotenoids in the vegetables analyzed (Figure 2) with
literature data showed that the mean -carotene content
found in watercress, lettuce, kale and spinach samples
was higher than that reported in other studies. Campos et
al. (2003) found a B-carotene content 0f 4330 pg/100 g in
watercress and of 1482 pg/100 g in lettuce served at com-
mercial restaurants in Vigosa, MG. In a study conducted
in Campinas, SP, Godoy and Rodriguez-Amaya (1998)
observed trans-B-carotene concentrations of 2580, 2500
and 2330 pg/100 g in kale, spinach and watercress, res-
pectively. Della Lucia et al. (2008) reported a B-carotene
content of kale ranging from 4856 to 7409 ng/100 g,
whereas Zanutto, Jorddo and Vannucchi (2003) found a
value 0f 3700 ug/100 g. A B-carotene content of 2006 and
2400 pg/ 100 g in lettuce and spinach, respectively, has
been reported by Ismail and Fun (2003). Hart and Scott
(1995) found B-carotene concentrations of 1603, 3397
and 4777 ng/100 g in samples of lettuce, spinach and
watercress, respectively. Khachik et al. (1992) found a
-carotene content of 8900 png/100 g in spinach. Granado
et al. (1992) reported B-carotene concentrations of 172
and 3254 png/100 g for lettuce and spinach, respectively.

Provitamin A value of vegetables

Vitamin A values showed a variation similar to that
observed for B-carotene, except for samples in which o
carotene was also detected, a fact contributing to a higher
total vitamin A value in these vegetables.

As can be seen in Table 111, a significant difference
in vitamin A value between the two seasons was only

O Alpha-carotene
M Beta-carotene

8751

8193

5338

h T T

0 2000

4000

T T 1

6000 8000 10000

FIGURE 2 - Mean o~ and B-carotene content (ug/100 g) of leafy vegetables sold in Vigosa, MG, in the spring and winter of 2002.
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observed for large-leaved watercress (p < 0.05). Vitamin
A values were significantly higher in watercress samples
collected at local and street markets during spring. No sig-
nificant difference in vitamin A value between treatments
was observed for the other leafy vegetables. The variation
in vitamin A value between samples obtained from local
and street markets might be due to the biological oxidation
of provitamin A carotenoids to inactive xanthophylls, a
process that occurs rapidly during storage (Olson, 1991).
Carotenoids can be oxidized to inactive forms both by
enzymatic action during storage or by exposure to light
and oxygen (Melendez-Martinez, Vicario, Heredia, 2004;
Amaya-Farfan, 1999).

The highest provitamin A content was observed in
kale, followed by large-leaved watercress (Figure 3). The
mean vitamin A values found in the vegetables studied
agree with data from the Brazilian Food Composition
Table of the University of Sao Paulo (2008), which lists
the vitamin A and carotenoid content reported in different
studies. According to this table, the vitamin A value of
watercress ranges from 245 to 690 pg/100 g, curly and
smooth lettuce present a vitamin A value of 240 and
210 ng/100 g, respectively, the vitamin A value of kale
ranges from 490 to 910 pg/100 g, and the vitamin A value
of'spinach is 450 ug/100 g. Differences in quantification
techniques, origins and cultivation may explain the va-
riations in provitamin A content (Almeida-Muradian,
Penteado, 2003).

Vitamin A values were used to calculate the nu-
tritional adequacy of consumption of one portion of
the vegetables by children and adults (Table IV). Mean
vitamin A values found in vegetables sold at local and
street markets during the two seasons were used to
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O Winter
B Mean vitamin A value
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lettuce

Large-leaved Hydroponic

Curly
lettuce

Kale Spinach

watercress watercress

FIGURE 3 - Mean vitamin A values (ug RAE/100 g) of leafy
vegetables sold in Vigosa, MG, in the spring and winter of 2002.

evaluate this adequacy (Figure 3). Consumption of one
portion of large-leaved watercress corresponds to half
the recommended intake of vitamin A per day for chil-
dren and to practically one-fourth of the recommended
intake for male adults. In contrast, consumption of one
portion of kale corresponds to 52% and 23% of the daily
requirements of a child and a male adult, respectively.
The consumption of two and four portions of spinach
would meet the daily requirements of a child and a male
adult, respectively. The other leafy vegetables (curly
and smooth lettuce and hydroponic watercress), in this
order, play an important role in meeting daily vitamin
A requirements (Table IV). Since the leafy vegetables
analyzed meet an important part of the daily vitamin A
requirements of the population, consumption of these
vegetables may effectively reduce vitamin A deficiencies.
These vegetables are easily cultivated and accessible to
the population due to their low cost compared to products
of animal origin.

TABLE Il - Mean value of vitamin A (ug RAE/100 g) originating from o~ and 3-carotene in the leafy vegetables analyzed in the
spring and winter of 2002 (values are expressed on a wet weight basis)

Spring
Leafy vegetable

Winter

Local markets Street market Local markets Street market
Large-leaved watercress* 681.53a 975.16a 517.25b 489.22b
Hydroponic watercress** 759.84a - - -
Curly lettuce** 201.98a 294.52a 225.01a 187.71a
Smooth lettuce®* 226.32a 305.24a 248.47a 175.09a
Kale** 687.06a 821.52a 693.39a 596.64a
Spinach** 460.28a 577.23a 403.74a 397.68a

(---) Vegetable not sold at the establishment.

*Means within the same row followed by the same letter are not significantly different by the Duncan test (p > 0.05).
**Means within the same row followed by the same letter are not significantly different by ANOVA (p > 0.05).
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TABLE IV - Adequacy of the value of vitamin A originating from a- and B-carotene of leafy vegetables sold in Vigosa, MG, in the

spring and winter of 2002

Leafy vegetable Portion' (g) Jgﬁ%ﬁgjﬁi Adequac;(/(;:) children’ Afne;ga(i/z)m
Large-leaved watercress 30 199.8 50.0 22.2
Hydroponic watercress 30 228.0 57.0 253
Curly lettuce 40 90.8 22.7 10.1
Smooth lettuce 40 95.2 23.8 10.6
Kale 30 209.4 524 233
Spinach 50 230.0 57.5 25.6

' Corresponding to the following home measures: watercress: 6 medium branches; lettuce: 4 medium leaves; kale: 3 full soup

spoons; spinach: 2 full soup spoons (Pinheiro ef al., 2005).

2 Mean of four sampling sites during the two seasons (spring and winter).

3DRI (2000) for children aged 4 to 8 years: 400 pg/day.
“DRI (2000) for a male adult aged 14 to 70 years: 900 pg/day.

CONCLUSIONS

o-Carotene and B-carotene were found in all leafy
vegetables analyzed. However, o-carotene was not detec-
ted in some of the samples, whereas B-carotene was pre-
sent in marked amounts in all leafy vegetables analyzed.
Asignificant difference in o-carotene content between the
two seasons was only observed for curly lettuce, with o.-
carotene content being higher in the spring. Large-leaved
watercress sold at local and street markets during spring
presented a significantly higher vitamin A value than wa-
tercress sold during winter. The leafy vegetables sold in
Vigosa, MG, were characterized by a high provitamin A
content, occupying a special position when compared to
those analyzed in other regions of Brazil and of the world.
The vegetables studied may supply an important part of
the daily vitamin A requirements of children and adults by
being available to the population practically throughout
the year at accessible prices.
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