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Abstract

Information on fruits and vegetables consumption
in Brazil in the three levels of dietary data was an-
alyzed and compared. Data about national sup-
ply came from Food Balance Sheets compiled by
the FAO; household availability information was
obtained from the Brazilian National Household
Budget Survey (HBS); and actual intake informa-
tion came from a large individual dietary intake
survey that was representative of the adult popu-
lation of Sdo Paulo city. All sources of information
were collected between 2002 and 2003. A subset
of the HBS, representative of Sdo Paulo city, was
used in our analysis in order to improve the qual-
ity of the comparison with actual intake data. The
ratio of national supply to household availability
of fruits and vegetables was 2.6 while the ratio of
national supply to actual intake was 4.0. The dis-
crepancy ratio in the comparison between house-
hold availability and actual intake was smaller,
1.6. While the use of supply and availability data
has advantages, as lower cost, must be taken into
account that these sources tend to overestimate
actual intake of fruits and vegetables.
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Introduction

Consumption of five or more servings of fruits
and vegetables per day is recommended world-
wide to reduce the risk of cardiovascular diseases
and other chronic diseases (including diabetes
and some cancers), through the intake of com-
binations of micronutrients, antioxidants, fibers
and other bioactive substances present in these
foods 123456, A growing body of evidence also
indicates that a diet rich in fruits and vegetables
could be associated with a reduced risk of obesity
through smaller weight gains throughout the life
cycle 67,8,

However our ability to research the health ef-
fects of fruits and vegetables, with regard for nu-
trition policy to promote its adequate consump-
tion, is limited by the challenges which exist in
how to measure accurately, and therefore how to
monitor, population consumption of fruits and
vegetables. In Brazil, nationally representative
or large population surveys of individual dietary
intake (IDIS) are rare and the few existing stud-
ies are either too old or performed with different
methodologies 9.10. This kind of survey provides
the most appropriate information in this context
since they generally may be stratified by age, gen-
der and income level, enabling the identification
of high-risk population groups 11,12. However,
supply or availability data are also important
since it provide useful information of food and
nutrient availability for human consumption. In



Brazil this type of data is available at national and
household level, respectively from Food Balance
Sheets — FBS compiled by the Food and Agricul-
ture Organization (FAO) of the United Nations
(FAOSATAT; http://faostat.fao.org/site/368/de
fault.aspx#ancor) and from Brazilian Household
Budget Surveys (HBS) conducted by the Brazilian
Institute of Geography and Statistics (IBGE) 13.
FBS/FAO data refers to the production of food in
the country adjusted according to importation,
exportation, national stock level, wastage and
non dietary uses such as for livestock and seeds.
HBS data refers to food acquisitions made for
family consumption, with no further adjustment.
These data also have advantages in that they are
generally less costly (as the data are regularly
collected for use across several research areas),
and, very often, provide the most comprehensive
trend data available.

Despite the availability in Brazil of these three
types of data, very little research has been con-
ducted to examine the differences in fruits and
vegetables estimations between data sources.
This paper analyses the discrepancies between
the national supply, household acquisitions
(proxy information of the household availability)
and information on population intake of fruits
and vegetables in Brazil. We focused on national
FBS/FAO data, a nationally representative HBS
and a large food intake survey from Sao Paulo
city, all collected during the same period (be-
tween 2002 and 2003).

Methods

Sources of data on availability and
consumption of fruits and vegetables

The results in this paper are based on a new anal-
ysis of existing data collected by several external
sources. Table 1 provides a summary of the 3 data
sources used.

¢ National supply of fruits and vegetables
FBS/FAO

Brazilian data on per capita supply of fruits and
vegetables (FBS/FAO codes 2,919 and 2,918 re-
spectively) was downloaded from the FAOSTAT
database on the FAO internet website (http://
faostat.fao.org/site/368/default.aspx#ancor).
Potatoes, pulses and starchy vegetables were
not included in order to be consistent with cur-
rent international dietary recommendations 14.
The FBS methodology has been analyzed in de-
tail elsewhere 15. FAO data from 2002 and 2003
were used to estimate an average value of fruits
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and vegetables supply. This period was primarily
chosen in order to cover the data collection pe-
riods of all other surveys used in this study (HBS
and food intake information), and was also nec-
essary to reduce the influence of annual varia-
tions in the data.

As the information originally reported on
FBS/FAO refers only to the gross weight available
of each item, correction factors (estimated by
the IBGE based on food consumption patterns
of the Brazilian population) were employed to
determine the amount of fruits and vegetables
available for human consumption based exclu-
sively on its edible fraction 16. The per capita
supply of fruits and vegetables at national level
(available on the FBS/FAO), in each year, is de-
fined as the division between the total available
amount of fruits and vegetables and the num-
ber of residents in the country. Finally, the fruits
and vegetables supply for Brazil was defined as
the mean value between the per capita supply of
2002 and 2003.

¢ Household availability of fruits and
vegetables: data collected for the HBS

Data from the HBS conducted by IBGE between
June 2002 and July 2003 were used to estimate
household availability of fruits and vegetables 13.
The 2002-2003 Brazilian HBS is a national rep-
resentative survey conducted with 48,470
households from urban and rural areas in all 26
states and the Federal District. Further informa-
tion about the survey has been published else-
where 13. In order to improve the comparison
with the intake data available only households
belonging to the city of Sao Paulo (HBS-SP) were
used in our estimations (approximately 500
households; the complex sampling design ad-
opted in the survey allows this stratification) 13.
The survey recorded detailed information (in-
cluding the exactly amount acquired of each
item) on all food and beverage expenses made
for family consumption during a period of sev-
en consecutive days. Additionally, information
about non-monetary acquisitions (such as dona-
tions and self-production) was also recorded.

As the information originally reported on
the Brazilian HBS refers only to the gross weight
available of each acquisition (like FBS/FAO), cor-
rection factors were employed to determine the
availability of fruits and vegetables at household
level (edible parts only) 16. The per capita avail-
ability of fruits and vegetables at household level
was defined as the division between the total ac-
quired amount (edible parts only) of fruits and
vegetables and the total number of individuals
in the sample in the city of Sdo Paulo. Original
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Table 1

Summary of the data sources used for the comparisons.

Data source Year Sampling method n (population) Data collection method
National supply
FBS/FAO 2002-2003 * * Federal government information
on food production adjusted
according to importation,
exportation, foods lost in storage,
transportation and processing, fed
to livestock and used for seeds
and or for non-dietary purposes.
Household availability
HBS 2002-2003 Multistage cluster sampling, 48,470 households in Brazil Household survey. Detailed

Individual intake

IDIS

stratified by geographic location
and economic level (nationally

representative sample).

2003 Multistage cluster sampling
stratified by geographic location
and economic level (Sdo Paulo

City representative sample).

(household members); 470 in Sao

Paulo city

1,477 individuals (adults older than
20 years of age)

information on all food and
beverage acquisitions made for
family consumption during a

period of seven consecutive days.

Individual dietary intake survey.
Single 24-hour food recall

FBS/FAQ: Food Balance Sheets compiled by the Food and Agriculture Organization; HBS: Brazilian Household Budget Surveys conducted by the Brazilian

Institute of Geography and Statistics (IBGE); IDIS: Individual Dietary Intake Survey.

* Does not apply.

sample weights were employed allowing for
extrapolation of our results to the whole popula-
tion of Sao Paulo city.

e Estimate of fruits and vegetables intake:
data collected for the study Food Surveys
in the City of Sdo Paulo, an IDIS

The estimate of dietary intake used belongs to a
population-based household survey carried out
in the city of Sdo Paulo between March and De-
cember 2003 called Food Surveys in the City of Sdo
Paulo (ISA), a project coordinated by the School
of Public Health at the University of Sao Paulo
(FSP/USP). This study is part of a wider project
on public policies, entitled Health Survey of the
State of Sdo Paulo — Population-based Household
Health Survey, funded by the Health Department
of the city of Sao Paulo. A total of 1,477 individu-
als were included in the study sample, in the fol-
lowing defined age and gender groups: 20 to 59
years/males; 20 to 59 years/females; 60 years and
more/males; and 60 years and more/females.
Further information about the survey has been
published elsewhere 17. This study was selected
for our comparisons because the data collection
period is similar to the last Brazilian HBS, and
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because the survey has good representative-
ness of the population. Furthermore, several age
groups were surveyed, non-response was satis-
factory and properly documented 17, the meth-
ods used to collect data were also adequate and
satisfactory (24-hour food recall) and data were
available on fruit and vegetable intake in grams
per day. The per capita intake of fruits and veg-
etables was defined as the division between the
total intake of fruits and vegetables reported by
all subjects and the total number of individuals.
Original sample weights were employed allowing
for extrapolation of our results to the whole adult
population of Sao Paulo city.

Data analysis

Comparisons between national supply, house-
hold availability and estimated intake of fruits
and vegetables were made by calculating the
ratios of FBS/FAO:HBS-SP, FBS/FAO:IDIS and
HBS-SP:IDIS. Ratio values greater than 1 indi-
cate that availability or supply data tend to over-
estimate population intakes while values smaller
than 1 indicate that availability or supply data
tend to underestimate population intakes.



Results

Table 2 presents the estimates of fruits and veg-
etables supply (FBS/FAO data), availability (HBS-
SP data) and intake (IDIS data). The estimated
national per capita supply of fruits and vegeta-
bles was around 300g per day, less than the World
Health Organization (WHO) 18 recommended
minimum daily intake (of 400g per day).

The comparison of FBS/FAO, HBS-SP and
IDIS data is also presented in Table 2. All the sce-
narios showed a ratio of supply or availability
to intake greater than one, showing unsurpris-
ingly that availability data tends to overestimate
individual intakes in Brazil. The ratio of fruits
and vegetables national supply to the estimated
household availability (HBS-SP data) of fruits
and vegetables was 2.55 (greater for fruits than
for vegetables). The ratio of national supply to
the actual intake was even greater, 4.01. However,
the discrepancy is much smaller in the compari-
son between HBS-SP and IDIS (a ratio of 1.57 for
fruits and vegetables grouped together).

Discussion

Based on this comparison of FBS/FAO, HBS and
food intake data it appears that methods based
on supply or availability of fruits and vegetables
(respectively FBS/FAO and HBS data) tend to
overestimate individual intake of these foods.
However the level of discrepancy between sup-
ply, availability and intake varied depending on
the data source. There was a greater difference
between intake data and national supply data
than for household availability, and greater dis-
crepancies for estimates of fruits compared with
vegetables consumption.

Table 2
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Some level of overestimation was expected,
as FBS/FAO and HBS data are designed to reflect,
respectively, food supply and availability pat-
terns, in national and household levels, rather
than actual dietary intake 19,20, The greater over-
estimation found in FBS/FAO data, in relation to
that found in HBS data, was also expected. While
both data sources include wastage at household
level, FBS/FAO data may also include wastage at
the processing and retail level increasing the dis-
crepancy with actual intake 21.

A previous study comparing FBS/FAO and
IDIS data in 15 countries (in the Americas, Eu-
rope, Asia and the Western Pacific), also found
a tendency of national supply data to overesti-
mate intake in fourteen of these countries 22. The
level of discrepancy between the two sources of
information varied considerably among coun-
tries, both within and between regions. While the
general tendency found in our study is the same,
the magnitude of overestimation established
for Brazil was greater than the ones estimated
previously for all other countries. The highest
ratios of discrepancy were found in some de-
veloped countries, namely Israel (2.70) and the
United States (2.38). Most of the other countries
presented ratios of between 1 and 2, including
some emerging economies of the developing
world like China (1.83), Russia (1.52) and other
former Soviet Union countries (like Latvia, 1.38,
and Lithuania, 1.21), and countries from west-
ern Europe (like Belgium, 1.36, Denmark, 1.62,
and Italy, 1.89). The only exception was Finland,
where the FBS/FAO data appeared to slightly
underestimate individual intakes (0.93). The me-
dian FAO/FBS:IDIS ratio for all the 15 countries
was 1.51 (even though this value involves large
variations between-country) 22. One important
difference to highlight in this previous study is

Estimates of the national supply of fruits and vegetables (Food Balance Sheets compiled by the Food and Agriculture
Organization — FAO/FBS), household availability (Brazilian Household Budget Surveys — HBS) and intake (Individual Dietary

Intake Survey — IDIS) and discrepancy ratios. Brazil, 2002-2003.

g/per capita/day FBS/FAO: FBS/FAO: HBS-SP:
FBS/FAO HBS-SP * IDIS/ISA * HBS-SP IDIS IDIS
2002-2003 2002-2003 2003
Fruits 193.92 62.40 46.03 3.1 4.21 1.36
Vegetables 101.87 53.70 27.77 1.90 3.67 1.93
Fruits and vegetables 295.79 116.10 73.80 2.55 4.01 1.57

ISA: Food Surveys in the City of Sdo Paulo.
* Data for Sdo Paulo city only.
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that the data came from a range of different study
designs, conducted during different periods over
approximately 20 years (from 1980 to 1999). Thus
making comparisons — between the countries in
this previous study or to our estimations for Bra-
zil — susceptible to bias due to both methodologi-
calissues, and to social and political changes that
might have taken place during this period.

Another former study compared FBS/FAO
and HBS data in 18 European countries and, like-
wise, found a tendency of FBS/FAO data to over-
estimate HBS data in all of these countries, with
discrepancy ratios ranging from 1.05 (in Finland)
to 2.07 (in Portugal) with median FBS/FAO:HBS
ratio for all the 18 countries of 1.42 (once again
involving large variations between countries) 23.
The original data for this former study, likewise,
came from studies conducted during different
periods over a time span of 20 year (1980 to 2000)
once again making comparisons — between the
countries or to our estimations — susceptible to
the same bias mentioned previously.

The estimations presented in the present
paper are subject to several limitations, relating
mostly to the limitations of each data source em-
ployed. Table 3 provides a summary of the im-
pact of the main sources of errors on the ratios of
discrepancy estimated, described in detail in the
next paragraphs.

The accuracy of FBS/FAO data depends on
the reliability of the underlying basic statistics
of population, supply and utilization of foods
which, in the case of Brazil, are provided by the
national health, nutrition and agricultural au-
thorities 11,20,24, In fact, data in the statistics for
non-food purposes (such as manufacture, as
well as in those of commercial and government
stocks and food processing industry) were miss-
ing in many food items in the FBS used in this
study 12, possibly reducing the global accuracy
of the data. Furthermore, the methodology ap-
plied to determine wastage during production
can make FBS estimates vulnerable to error (of-
ten estimates about waste are based on a small
number of surveys or even on country expert
opinions) 20. In order to reduce the effect of po-
tential annual variations in coverage and accu-
racy of the data used in our comparisons, two
years of FAO data were used. We also explored
a longer time period in order to verify the con-
sistency of our information, and concluded that
the estimated value was coherent with the val-
ues estimated for the period of 1999-2001 (data
not shown). Additionally, FAO claims to verify
the external consistency of the FBS/FAO data us-
ing supplementary information such as house-
hold survey results, as well as the application
of relevant technical, nutritional and economic
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knowledge, in an attempt to reduce the impact
of these data limitations 20.

While HBS are less vulnerable to some of the
bias that may be present on FBS/FAO they also
have important limitations. In the case of the
Brazilian HBS 2002-2003 the information about
food acquisition away from home was not de-
tailed enough and could not be included in the
present study. This should not be a major limita-
tion as the largest part of food consumption in
Brazil is still done in the household. During the
period of the survey, the expenses for food away
from home (a proxy indicator for the share of
food consumed away from home) were approxi-
mately one fifth of the total food expenses 25.
Hypothetically, if food away from home was also
included, the amount of fruits and vegetables
available at household level could increase by
approximately 15%, from the estimated 117 to
135g/per capita/day. While this could represent
an important change into our estimations it is
certainly not enough to explain the discrepan-
cies found in our study (in fact it would increase
the HBS-SP:IDIS ratio). Likewise, information
about the food stock in the households was not
available. This should not represent an important
limitation to our study as the HBS data collection
lasted for an entire year, and no changes in the
stocks were expected in this period. The use of
a subset of the Brazilian HBS (data for Sao Paulo
city only) in our analysis was necessary to im-
prove the accuracy of the comparison with IDIS
data; however it can be seen as a limitation in
the comparison with FSB/FAO data. Based on the
whole set of information of the Brazilian HBS, the
discrepancy ratio between FBS/FAO and HBS da-
ta would be 3.06, with magnitude slightly greater
but agreeing in direction with the ratio estimated
using the HBS-SP data set.

As the information available on FBS/FAO and
HBS are on an “as purchased” basis (including
both edible and non-edible parts) the use of cor-
rection factors, as employed in our study, was
necessary in order to remove the non-edible frac-
tion of each item reducing the expected differ-
ence between the availability and actual intake
of fruits and vegetables. The correction factors
employed in this study came from a national
representative study conducted by IBGE 16. The
factors represent the average ratio between net
(edible fraction only) and gross weight (as pur-
chased) of each food item, both estimated di-
rectly, by weighting food items in the households
participating in the study 16. The mean value for
the correction factors used was 0.71 for fruits and
0.90 for vegetables (i.e., on average 10% of the
purchased amount of vegetables correspond to
non-edible parts). While it is natural to believe



Table 3
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Potential factors affecting the discrepancy ratio between national availability (Food Balance Sheets compiled by the Food and Agriculture Organization — FAO/

FBS), household availability (Brazilian Household Budget Surveys — HBS) and actual intake of fruits and vegetables.

Data source Either increase or decrease

Increase Decrease

National availability
FBS/FAO

used for the calculations, like the size of

crops, exportation and stocks.

2. The methodology applied to

determine wastage of production

makes some of these estimates

1. Imprecisions in the basic information

1. Losses of edible food in retail, 1. Familiar production for household

foodservice or household levels. consumption.

vulnerable to an important margin of

error.

3. Annual variations in coverage and

accuracy.

4. The correction factors applied were

not specifically developed for this data

source.
Household availability
HSB

correction factors made to associate a

factor to all necessary food items.

Individual intake
IDIS

adult population from Sao Paulo City.

1. Bias due to the extrapolation of

1. Survey sample represents only the

1. Losses of edible food during 1. No information about food

storage, in preparation, as plate-waste, acquisition away from home.
quantities fed to animals, or even
thrown away.
2. Familiar production for household

consumption.

1. Survey excluded two summer
months — with high accessibility and
availability — from the data collection

period.

2. Limitations of the methodology

used to collect (24-hour food recall)

and analyze (computer software) the

primary data.

that the correction factor for FBS/FAO and HBS
could be different, the data applied in our study
is by far the most complete and accurate set of in-
formation available for this use in Brazil. Without
employing the correction factors, the estimated
national supply and household availability of
fruits and vegetables were, respectively, 395 and
148g/per capita/day, thus increasing the discrep-
ancy between availability and actual intake esti-
mated in our study.

The main limitation of the intake data used
is probably related to its study population.
While the use of nationally representative data
is strongly desirable for the kind of comparison
conducted in our study, such information is not
available for Brazil. The use of the Sao Paulo city

representative IDIS data can be argued to be a
satisfactory alternative as it is representative of
the adult population of the biggest city in the
country, with approximately 11 million residents
(IBGE. 2000 Demographic Census. http://www.
ibge.gov.br). In this sense, data from adult popu-
lations living in all 26 state capitals (and the Fed-
eral District) from Brazil indicate small ranges
in the variation of the pattern of consumption
of fruits and vegetables in this population 26. In
addition, it is important to note that this sur-
vey was conducted during the period March to
December, thus excluding two summer months,
a time of year more favorable to the intake of
fruits and vegetables as accessibility and avail-
ability are at core levels, probably reducing the
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average level of consumption estimated by the
survey (increasing the discrepancy with avail-
ability and supply data). Finally, IDIS data have
a limited precision as they are highly influenced
by the capacity of the respondents to provide
accurate information on their intake, and by
the fact that most of the procedures involved in
measuring dietary intake can lead to changes in
behavior 11,2829 Strong evidence indicates that
self-reported energy intakes underestimate en-
ergy needs. This evidence comes from studies in
which energy needs were derived from weight
maintenance data 2930, doubly labeled water as-
sessments 31, and total energy expenditure pre-
diction equations 3233. However, none of these
studies have examined the measurement error
according to food groups. While it is not pos-
sible to predict the magnitude of this error in
the information used in our study, some level of
underestimation is probably present (increasing
the difference between household acquisition
and intake information).

Our results show that availability for con-
sumption is by no means identical with intake
pattern. Ideally all countries would conduct re-
peated, nationally representative dietary intake
surveys allowing precise investigation of food
consumption patterns. However the estimates

Resumo

Dados sobre o consumo de frutas e hortaligas no Brasil,
em trés niveis de informacgdo, foram analisados e com-
parados. Dados sobre a oferta nacional foram obtidos
em Folhas de Balango de Alimentos da FAO; a dispo-
nibilidade domiciliar de frutas e hortali¢as baseou-se
em resultados da Pesquisa de Orcamentos Familiares
(POF); informagoes sobre o consumo de frutas e hor-
talicas foram obtidas em um inquérito de consumo
alimentar representativo da populagao adulta do Mu-
nicipio de Sdo Paulo. Todas as informagoes referem-se
ao periodo entre 2002 e 2003. Uma subamostra dos
domicilios da POE representativa da cidade de Sdo
Paulo, foi utilizada a fim de melhorar a qualidade da
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from FBS/FAO, HBS and IDIS should be seen
as complementary. The three levels of data pro-
vide useful information (about national supply,
availability and reported intake of food in the
population) and countries should optimize the
benefits of conducting all types of data collection
depending on resources available 19,22, Regarding
nutrition policy, FBS/FAO and HBS are impor-
tant as they indicate the sufficiency of supply in
national and household levels respectively. IDIS
are also important as the amount of food actually
consumed may be much lower than the avail-
able amount (or even the purchased amount),
depending on the degree of losses of edible food
during storage, in preparation and cooking, as
plate-waste, or quantities fed to domestic ani-
mals and pets, or even thrown away.

The results of this study indicate some level
of fruit and vegetable wastage in Brazil. These re-
sults are especially important as they contradict
the idea that in developing countries the quanti-
ties of food available for consumption are closer
to the real levels of consumption than in devel-
oped countries, assuming lower levels of waste
14,19, Future policy should investigate actions that
could reduce the level of wastage of fruits and
vegetables in Brazil which is likely to have both
environmental and health benefits.

comparagao com dados de consumo de folhas e horta-
licas. A razdo entre a oferta nacional e a disponibilida-
de domiciliar de frutas e hortalicas foi de 2,6, enquan-
to a razdo entre oferta nacional e o seu consumo foi
de 4,0. A razao entre a disponibilidade domiciliar e o
consumo foi de 1,6. Embora o uso de dados da oferta e
disponibilidade de frutas e hortalicas apresente certas
vantagens, como o menor custo, sua utilizacao deve le-
var em conta a tendéncia a superestimar o cOnsumo
de frutas e hortaligas.

Frutas; Vegetais; Consumo de Alimentos; Inquéritos sobre
Dieta
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