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Abstract

We analyzed the impact of the efforts to combat the COVID-19 pandemic 
on the prices of food sold by a food supply center located in the sixth largest 
city in Brazil. We examined the percentage change in the prices of 20 types of 
foods, adjusted by market conditions, using municipal contingency plan stages 
to compare opening and closing of non-essential services, including bars and 
restaurants (stage 1: first phase of essential services-only; stage 2: flexibili-
zation; and stage 3: second phase of essential services-only with a “pre-pan-
demic” period [stage 0]). Log-prices were lower in all contingency stages for 
leafy greens (variation: 42% to 56%) and vegetables (variation: 28% to 40%). 
Log-prices of eggs and fruit were 20% and 16% lower during stages 1 and 3, 
respectively. Strategies to combat the COVID-19 pandemic lowered the prices 
of eggs, fruit, leafy greens, and vegetables regardless of the market conditions. 
Accordingly, the supply and demand for fresh and minimally processed foods 
were affected by the economic crisis and difficulties to access and/or buy per-
ishable foods more often. The impacts of efforts to defeat the pandemic must 
ensure the human right to adequate food, considering that low prices do not 
necessarily indicate food security.

COVID-19; Pandemics; Food Supply; Vegetables; Fruits

Correspondence
A. C. S. Lopes
Universidade Federal de Minas Gerais.
Av. Alfredo Balena 190, Belo Horizonte, MG 30130-100, Brasil.
alinelopesenf@gmail.com

1 Universidade Federal de Minas Gerais, Belo Horizonte, Brasil.

This article is published in Open Access under the Creative Commons 
Attribution license, which allows use, distribution, and reproduction in 
any medium, without restrictions, as long as the original work is correctly 
cited.



Lopes MS et al.2

Cad. Saúde Pública 2022; 38(4):e00166721

Introduction

By February 2021, COVID-19 had infected over 170 million people and caused 3.7 million deaths 
worldwide 1. The first COVID-19 case in Brazil was confirmed on February 26th, 2020, warranting a 
declaration of a public health emergency four days later and the creation of a committee for preven-
tion and contingency. On March 18th, schools and workplaces were closed, all commercial activity 
defined as non-essential was suspended (i.e., bars and restaurants), and only essential services were 
allowed to remain open (i.e., drugstores, bakeries, grocery stores, dairy stores, butcher shops, produce 
shops, supermarkets, and restaurants with delivery, drive-through, and/or curbside pickup services). 
Belo Horizonte, capital of the Minas Gerais State and the sixth largest city in Brazil, adopted its own 
contingency plan with criteria and phases for gradually reopening services and commercial activities 2.

Besides increasing morbidity and mortality, the pandemic has caused the local and global econo-
my to slow down or even go into recession 3. As the economy declines, food access is likely to suffer 
adverse effects from a combination of income reduction, unemployment, contingency measures to 
reduce viral spread, and negative changes in food availability, quality, and prices in local markets 3,4,5.

This economic scenario associated with changes in the food environment and food insecurity is 
aggravated in Brazil, a country with fragile social safety networks and political challenges that hinder 
combat against COVID-19 5,6,7,8. Brazil has recently returned to the Hunger Map, with 13.8 million 
people (6.7% of the population) classified as extremely poor in 2019 9,10. The 2020 Global Report on 
Food Crises, written before the pandemic, estimated that 113 million people in 53 countries faced acute 
hunger in 2018 11. The pandemic will likely increase these numbers 3.

Belo Horizonte is internationally recognized as a successful example of public policies for food 
security and nationally praised for its implementation of the Brazilian Unified National Health 
System (SUS) 12. The city, which has the third largest economy in Brazil, has been controlling the 
pandemic well despite the challenges 13. The wholesale food supply center CeasaMinas (Centrais de 
Abastecimento de Minas Gerais S.A./Minas Gerais State Supply Centers) is essential to ensure food 
security in the city and its metropolitan area 6,14. Belo Horizonte also has one of the largest number 
of bars and restaurants in the country (over 90,000) 15, out of which most likely purchase their food 
items at CeasaMinas.

To understand the initial effects of the pandemic on a large Brazilian metropolis food system, 
especially regarding the prices of fresh and minimally processed foods, this article aimed to analyze 
the impact of contingency measures to combat the COVID-19 pandemic on the prices of fresh and 
minimally processed foods sold by CeasaMinas in Belo Horizonte.

Methods

Database

Data on food prices and market conditions were obtained from the CeasaMinas institutional website 
(http://www.ceasaminas.com.br/). The center’s headquarters are located in the municipality of Con-
tagem (Belo Horizonte metropolitan area, also known as “Great BH”).

Market information from the daily price bulletin was filtered by food group (eggs, fruits, vegeta-
bles, and roots and tubers). The research team analyzed data from the CeasaMinas-Great BH unit only.

Data on market conditions were obtained from the seasonal calendar of warehouse prices 16. This 
calendar shows price trends based on average sales in CeasaMinas-Great BH over the past five years, 
classifying the monthly situation of each food into higher prices (more favorable for the supplier), 
balanced prices, or lower prices (more favorable for the customer). The calendar is available in PDF 
format and data was entered by trained researchers.

Data on contingency measures to combat the COVID-19 pandemic and reopening measures in 
Belo Horizonte were obtained from the institutional website of the Belo Horizonte City Hall (https://
prefeitura.pbh.gov.br/saude/coronavirus).
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Collected data and variables

Data was collected from January 6th to June 26th, 2020. According to the city’s Master Plan, the 
city underwent four contingency stages in this period: stage 0 (pre-pandemic, from January 6th to 
March 17th); stage 1 (first phase of essential services-only, from March 18th to May 24th); stage 2 
(flexibilization, from May 25th to June 8th); and stage 3 (second phase of essential services-only, from 
June 9th to June 26th). Box 1 shows the list of essential services and their respective opening hours  
in Belo Horizonte.

For analyses, contingency stages were divided into three binary variables representing each period 
(with “pre-pandemic” being the reference category in each variable). The pre-pandemic period was 
defined as from January 6th to March 17th, corresponding to the period of two months before con-
tingency measures were implemented in the city. This reflects our aim of understanding the effects 
of the first contingency measures in the city while avoiding other factors, including the usual changes 
in food prices in December, new variants of the virus affecting the epidemic curve, the onset of the 
immunization program, and the reopening of schools.

To compare prices of fresh and minimally processed foods between the three pandemic phases 
and the pre-pandemic period, data was collected and analyzed on 20 items: fruit (banana, orange, 
apple, papaya, watermelon, tangerine, grape, mango), leafy greens (lettuce, kale, cabbage), vegetables 

Box 1

List of essential services and their respective opening hours in Belo Horizonte, Minas Gerais State, Brazil, 2020. First and second phase of  
essential services-only.

DESCRIPTION OPENING HOURS

Bakery From 5 a.m. to 9 p.m.

Retail trade of dairy and cold products From 7 a.m. to 9 p.m.

Butcheries and fishmongers From 7 a.m. to 9 p.m.

Fruits and vegetables From 7 a.m. to 9 p.m.

Mini-markets, grocery stores and warehouses From 7 a.m. to 9 p.m.

Supermarkets and hypermarkets From 7 a.m. to 9 p.m.

Pharmaceutical articles No time restrictions

Pharmaceutical articles, with formula handling No time restrictions

Retail trade of optical articles No time restrictions

Medical and orthopedic articles No time restrictions

Paints, solvents and painting material From 7 a.m. to 9 p.m.

Electric and hydraulic equipment, glass and hardware From 7 a.m. to 9 p.m.

Wood From 7 a.m. to 9 p.m.

General building material From 7 a.m. to 9 p.m.

Motor vehicle fuels No time restrictions

Retail trade of liquefied petroleum gas (LPG) No time restrictions

Wholesale trade in the retail chain of activities listed in this list From 5 a.m. to 5 p.m.

Bank branches: credit institutions, insurance, capitalization, commerce and administration of real estate values No time restrictions

Lottery houses No time restrictions

Post office and telegraph No time restrictions

Trade in medicines for animals No time restrictions

Service activities and collective use services, except those specified in art. 2 of Decree n. 17,328, of April 8, 2020 No time restrictions

Industrial activities No time restrictions

Restaurants, as long as they are delivered or picked up at the door No time restrictions

Newspaper and magazine stand No time restrictions
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(pumpkin, chayote, cucumber, tomato), roots and tubers (carrot, sweet potato, potato, cassava), and 
eggs. These data of daily prices in Brazilian Reais (BRL) are freely available from the CeasaMinas 
headquarters website. Except for eggs, items were selected based on the most frequently consumed 
fruit and vegetables in Brazil 6. When any of the items included more than one variety, the most com-
monly available variety was selected based on information obtained from the CeasaMinas website in 
2019, similarly to a previous study 6. If two or more varieties were equally available, the one with the 
lowest price was chosen. For foods with varied sizes, the price of an average-sized item was consid-
ered for analysis 6.

Data on market conditions are available from the CeasaMinas’s seasonal calendar. The calendar 
is not simply a proxy for the time of year, but a measurement of market conditions for each product, 
referring to the monthly variation in trading prices from 2015 to 2019 16. Food were defined as “low 
prices, favoring the customer” (when in season), “neutral prices”, or “high prices, favoring the sup-
plier” (when off-season). For analyses, market conditions were divided into two binary variables: one 
indicating whether prices are “favorable to the supplier” and the other indicating if they are “favorable 
to the customer”, with “neutral prices” being the reference category in both variables. This variable is 
understood as the seasonality of each food item throughout the year.

Analysis

Prices of the selected foods were converted from BRL to American Dollars (USD) according to the 
daily exchange rates available at Yahoo Finance 17. Converted prices were then transformed into 
average weekly prices (the price of a dozen eggs was estimated from the price of 30 dozen by dividing  
it by 30).

Firstly, the behavior of average weekly prices for each item was described across contingency 
stages. Afterwards, a sequence of Gaussian linear mixed models 18 were estimated to the logarithm of 
mean weekly prices of each food category (eggs, fruit, leafy greens, roots and tubers, and vegetables) 
to compare average changes in log-prices during the three contingency stages and the pre-pandemic 
period. Average weekly prices were computed by taking the simple average of all days of the week for 
which price data was available for a given food.

Model 1 included only a random intercept for each food type to show how market conditions 
affect average weekly prices. Model 2 included only contingency stages to show how prices vary 
between the various contingency stages and the pre-pandemic period. Model 3 included the binary 
variables representing each contingency stage, combining Models 1 and 2 to show how prices vary 
according to contingency stages after controlling for market conditions. Models were fitted for each 
food category (fruit, leafy greens, vegetables, roots and tubers, and eggs). Incidence rate ratios (IRR) 
and 95% confidence intervals (95%CI) were estimated for each association and an intraclass correla-
tion coefficient (ICC) was estimated for each model.

All analyses were performed using the R statistical software (http://www.r-project.org) and statis-
tical significance was set at 5%. Linear mixed models were fitted using the glmmTMB package.

Results

Figure 1 shows the mean weekly prices for each food type and category from January 6th to June 26th. 
During the first phase of essential services-only, eggs, potato, pumpkin, and chayote had the largest 
price variations, lettuce and collard greens had the highest prices, and cabbage and cassava had the 
lowest prices.

Table 1 shows the mean weekly prices and standard deviations for each food across categories 
of market conditions, including p-values for the Kruskal-Wallis test when prices were available for 
more than one category of market conditions. All foods had statistically significant differences in 
prices according to the market conditions except eggs, grape, mango, papaya, cabbage, collard greens, 
lettuce, cassava, sweet potato, chayote, and tomato (differences could not be evaluated for cucumber 
since its market conditions remained stable for the entire period).
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Figure 1

Mean weekly prices in American Dollars (USD) for each food type and category, from January to July. Minas Gerais State Supply Centers (CeasaMinas), 
Belo Horizonte, Minas Gerais State, Brazil, 2020.
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Table 1

Mean weekly prices in American Dollars (USD) for each food type across categories of market conditions. Belo Horizonte, 
Minas Gerais State, Brazil, 2020.

Food type Prices favored the customer Neutral prices Favored the supplier p-value *

Mean (SD) Mean (SD) Mean (SD)

Eggs

Eggs (dozen) 0.57 (0.05) 0.67 (0.12) 0.65 (0.12) 0.429

Fruits

Apple 0.43 (0.03) 0.69 (0.09) 0.76 (0.01) < 0.001

Banana 0.39 (0.02) 0.39 (0.05) 0.64 (0.02) < 0.001

Grape ** 1.40 (0.12) 1.38 (0.29) 0.198

Mango 0.35 (0.03) 0.38 (0.03) 0.43 (0.12) 0.694

Orange 0.27 (0.01) 0.35 (0.08) 0.41 (0.04) 0.005

Papaya 0.25 (0.06) ** 0.30 (0.05) 0.025

Tangerine 0.17 (0.01) 0.23 (0.05) 0.44 (0.10) < 0.001

Watermelon 0.19 (0.01) 0.16 (0.01) 0.20 (0.02) 0.001

Leafy greens

Cabbage ** 0.19 (0.09) 0.23 (0.11) 0.397

Collard greens ** 2.01 (0.45) 2.61 (0.89) 0.100

Lettuce ** 2.79 (1.22) 2.85 (0.81) 0.726

Roots and tubers

Cassava 0.16 (0.03) 0.15 (0.02) ** 0.720

Potato ** 0.23 (0.04) 0.41 (0.14) < 0.001

Sweet potato ** 0.46 (0.07) 0.45 (0.05) 0.739

Vegetables

Carrot ** 0.20 (0.04) 0.30 (0.06) < 0.001

Chayote 0.13 (0.03) 0.19 (0.07) 0.51 (0.23) 0.004

Cucumber ** 0.32 (0.12) ** ***

Pumpkin ** 0.36 (0.08) 0.47 (0.08) 0.007

Tomato ** 0.37 (0.08) 0.33 (0.01) 0.071

SD: standard deviation. 
Source: Minas Gerais State Supply Centers (CeasaMinas). 
* Kruskal-Wallis test’s p-value; 
** No observations were found between the food type and the corresponding market conditions in the sample; 
*** The test could not be performed since only one group of market conditions was available for that food type  
in the sample.

Table 2 shows the mean weekly prices and standard deviations for each food across the four 
periods (pre-pandemic, first phase of essential services-only, flexibilization, and second phase of 
essential services-only), including Kruskal-Wallis test p-values. Statistically significant differences 
were observed for all foods except apple, banana, grape, papaya, watermelon, chayote, and cucumber.

Table 3 and Figure 2 show the estimated associations of mean weekly prices with market con-
ditions (Model 1), contingency stages (Model 2), and both (Model 3). After adjusting for market 
conditions (Model 3) considering “pre-pandemic” as the reference category, log-prices of eggs were 
24% lower when prices “favored the supplier” and 34% lower during the “second phase of essential 
services-only”. Log-prices of fruit were 20% lower when prices “favored the customer”, 16% higher 
when prices “favored the supplier”, and 24% lower during the “first phase of essential services-only”. 
Log-prices of leafy greens and vegetables in all three pandemic periods were lower than in the “pre-
pandemic” period (leafy greens = 44%, 56%, and 54% lower, respectively; vegetables = 27%, 28%, and 
35% lower, respectively). However, log-prices were higher for roots and tubers (IRR = 1.33; 95%CI: 
1.17-1.51) and vegetables (IRR = 1.41; 95%CI: 1.25-1.59) when prices “favored the supplier”.
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Table 2

Mean weekly prices in American Dollars (USD) for each food type across contingency stages. Belo Horizonte, Minas Gerais State, Brazil, 2020.

Food type Stage 0 (pre-pandemic) Stage 1 (first phase of 
essential services-only)

Stage 2 
(flexibilization)

Stage 3 (second 
phase of essential 

services-only)

p-value *

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Eggs

Eggs (dozen) 0.70 (0.11) 0.64 (0.10) 0.58 (0.04) 0.54 (0.07) 0.085

Fruits

Apple 0.74 (0.04) 0.46 (0.07) 0.41 (0.01) 0.44 (0.02) 0.001

Banana 0.59 (0.10) 0.37 (0.02) 0.38 (0.01) 0.39 (0.02) < 0.001

Grape 1.59 (0.18) 1.22 (0.08) 1.25 (0.08) 1.32 (0.10) 0.001

Mango 0.37 (0.04) 0.35 (0.08) 0.57 (0.02) 0.56 (0.05) 0.002

Orange 0.43 (0.02) 0.34 (0.05) 0.26 (0.01) 0.27 (0.01) < 0.001

Papaya 0.30 (0.04) 0.28 (0.07) 0.21 (0.01) 0.21 (0.01) 0.023

Tangerine 0.48 (0.08) 0.23 (0.07) 0.18 (0.01) 0.16 (0.01) 0.003

Watermelon 0.20 (0.01) 0.17 (0.01) 0.17 (0.03) 0.19 (0.02) 0.001

Leafy greens

Cabbage 0.28 (0.08) 0.20 (0.09) 0.09 (0.01) 0.09 (0.01) 0.002

Collard greens 3.12 (0.63) 2.03 (0.51) 1.71 (0.20) 1.63 (0.19) 0.001

Lettuce 3.92 (0.40) 2.19 (0.60) 1.72 (0.09) 1.70 (0.24) < 0.001

Roots and tubers

Cassava 0.16 (0.02) 0.13 (0.01) 0.15 (0.00) 0.16 (0.01) 0.005

Potato 0.22 (0.04) 0.29 (0.09) 0.55 (0.18) 0.36 (0.16) 0.015

Sweet potato 0.51 (0.03) 0.41 (0.02) 0.40 (0.05) 0.43 (0.01) < 0.001

Vegetables

Carrot 0.30 (0.07) 0.29 (0.05) 0.21 (0.00) 0.17 (0.04) 0.007

Chayote 0.32 (0.20) 0.17 (0.08) 0.14 (0.05) 0.16 (0.04) 0.088

Cucumber 0.40 (0.14) 0.26 (0.07) 0.29 (0.09) 0.24 (0.04) 0.039

Pumpkin 0.46 (0.10) 0.40 (0.05) 0.31 (0.02) 0.26 (0.04) 0.005

Tomato 0.40 (0.07) 0.33 (0.02) 0.37 (0.04) 0.25 (0.02) 0.005

SD: standard deviation. 
Source: Minas Gerais State Supply Centers (CeasaMinas). 
* Kruskal-Wallis test’s p-value.

Table 4 shows the ICC for each category for Models 1 to 3. The ICC for fruit, leafy greens, and 
roots and tubers ranged from 0.80 to 0.96, indicating statistically significant differences between 
average log-prices for foods in these categories. Although vegetables had smaller ICC (ranging from 
0.34 to 0.99), their between-group variations still seem significant. Figure 3 includes the adequacy and 
residuals of the final models.

Discussion

Strategies to combat the COVID-19 pandemic lowered the prices of eggs, fruit, leafy greens, veg-
etables, roots and tubers in a wholesale food supply center during contingency stages in a Brazilian 
metropolis. The prices of fruit and eggs significantly decreased during the first and second phases 
of essential services-only and during the flexibilization period. These results show the effects of 
measures to combat COVID-19 on the supply and demand for fresh and minimally processed foods, 
mainly vegetables and leafy greens.
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Table 3

Estimated incidence rate ratios (IRR) and 95% confidence intervals (95%CI) for Models 1 to 3. Belo Horizonte, Minas 
Gerais State, Brazil, 2020. 

Exposure Model 1 Model 2 Model 3

IRR 95%CI IRR 95%CI IRR 95%CI

Eggs *

Prices favored the customer 0.87 0.72-1.04 - - 0.76 0.66-0.87

Favored the supplier 0.97 0.85-1.12 - - 1.08 0.97-1.19

First phase of essential services-only - - 0.91 0.81-1.04 0.83 0.75-0.92

Flexibilization - - 0.84 0.67-1.04 0.74 0.63-0.88

Second phase of essential services-only - - 0.77 0.65-0.91 0.66 0.57-0.76

Fruits

Prices favored the customer 0.81 0.75-0.88 - - 0.80 0.74-0.86

Favored the supplier 1.19 1.11-1.28 - - 1.16 1.09-1.22

First phase of essential services-only - - 0.75 0.70-0.80 0.76 0.72-0.80

Flexibilization - - 0.72 0.65-0.81 0.84 0.76-0.92

Second phase of essential services-only - - 0.75 0.69-0.81 0.90 0.84-0.98

Leafy greens

Prices favored the customer ** ** - - ** **

Favored the supplier 1.19 0.98-1.44 - - 1.22 1.06-1.41

First phase of essential services-only - - 0.62 0.55-0.71 0.56 0.49-0.65

Flexibilization - - 0.44 0.35-0.54 0.44 0.36-0.54

Second phase of essential services-only - - 0.42 0.36-0.50 0.46 0.38-0.54

Roots and tubers

Prices favored the customer 1.03 0.85-1.27 - - 1.03 0.85-1.26

Favored the supplier 1.31 1.17-1.47 - - 1.33 1.17-1.51

First phase of essential services-only - - 0.94 0.84-1.05 0.90 0.81-0.99

Flexibilization - - 1.19 0.98-1.45 1.07 0.90-1.29

Second phase of essential services-only - - 1.08 0.93-1.25 0.93 0.80-1.08

Vegetables

Prices favored the customer 0.65 0.47-0.90 - - 0.75 0.56-0.99

Favored the supplier 1.40 1.22-1.59 - - 1.41 1.25-1.59

First phase of essential services-only - - 0.77 0.69-0.87 0.73 0.66-0.82

Flexibilization - - 0.70 0.58-0.86 0.72 0.61-0.85

Second phase of essential services-only - - 0.60 0.51-0.70 0.65 0.57-0.75

Source: Minas Gerais State Supply Centers (CeasaMinas). 
Note: Model 1 (only market conditions; reference category = neutral prices); Model 2 (only contingency stages; reference 
category = stage 0 or “pre-pandemic”); Model 3 (both market conditions and contingency stages). The outcome for all 
models is the logarithm of weekly mean prices in USD, from January 6th to June 29th. 
* Models for eggs do not include a random intercept since this category only contains one food type; 
** Food type had no observations in the corresponding market conditions.

The prices of fruit, vegetables, and leafy greens could have decreased in all contingency stages 
regardless of market conditions because of a reduced demand for these foods, possibly caused by the 
reduced purchasing power of individuals and families, the delays on Emergency Aid payments, the 
rising prices of staple foods such as rice, beans, and vegetable oil, the increasing levels of food insecu-
rity, and the tendency of food-insecure families of abdicating these foods 19,20,21,22,23. Fruit, vegetables, 
and leafy greens are also highly perishable and require thorough washing and drying before being 
prepared or stored, which might have led people to choose more convenient foods while avoiding 
frequent grocery store trips 24.
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Figure 2

Forest plot of the estimated incidence rate ratios. Minas Gerais State Supply Centers (CeasaMinas), Belo Horizonte, Minas Gerais State, Brazil, 2020.

IRR: incidence rate ratios.

School closures may also have lowered the demand for these foods 19. Before the pandemic, 
large amounts of vegetables and leafy greens were constantly purchased for preparing school meals 
24,25,26. However, on March 18th (when all school activities were suspended), school meals were 
replaced by non-perishable foods and cooking ingredients (rice, beans, cornmeal, cassava flour, pasta, 
canned sardines, tomato paste, vegetable oil, powdered milk, sugar, and salt), distributed to students  
and families 27.
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Table 4

Intraclass correlation coefficients (ICC) for each category for Models 1 to 3. Belo Horizonte, 
Minas Gerais State, Brazil, 2020.

Food type ICC

Model 1 Model 2 Model 3

Eggs * ** ** **

Fruits 0.89 0.89 0.92

Leafy greens 0.89 0.96 0.96

Roots and tubers 0.79 0.81 0.80

Vegetables 0.34 0.39 0.44

Source: Minas Gerais State Supply Centers (CeasaMinas). 
Note: Model 1 (only seasonal availability); Model 2 (only contingency stages) and Model 3 
(both seasonal availability and contingency stages). 
* Models for the eggs do not include a random intercept and therefore do not have a 
corresponding ICC value.

Similarly, the closing of bars, restaurants, and other non-essential food outlets could have further 
reduced the demand for fresh and minimally processed foods at CeasaMinas-Great BH, lowering the 
prices. The closing of these establishments is associated with both COVID-19 control measures and 
the bankruptcy of many small and medium businesses, which will not return to CeasaMinas-Great 
BH even with flexibilization rules. This intense economic crisis irreversibly damaged the food sector. 
As an example, the metropolitan area of Belo Horizonte had 22,000 bars and restaurants in operation. 
During the pandemic, 7,000 of them ended their activities 28.

The 2020 management report of CeasaMinas shows that the center did not adjust its tariffs in 
2020, seeking to lessen the economic challenges faced by farmers and greengrocers and to help ware-
houses maintain their activities 29. Although this could have partially reduced the prices observed in 
this study, we were unable to measure this variable and estimate its impact on food prices.

The price elasticity concept could also explain our results regarding the prices of fruit, eggs, and 
roots and tubers. Notably, consumption is a function of income, that is, the greater the income, the 
greater the consumption. However, in a microeconomic aspect, price elasticity must be considered. 
Food price elasticity is a measure of consumption sensitivity, representing how the demand for a 
specific item responds to a change in its price. Food items thus have highly sensitive (elastic) prices, 
if increased prices reduce demand, or inelastic prices, if increased prices do not affect the demand 30.

Factors that can affect price elasticity and explain the differences in price changes across food 
categories are: (1) substitute foods: a food item that has substitute foods will have a greater price elas-
ticity than others that do not have substitute foods since if the price of an item increases while prices 
of substitutes remain constant, consumers will naturally look for substitutes; (2) degree of essentiality: 
the more essential or necessary a food is to consumers, the less sensitive it is to price changes; and (3) 
period: demand tends to be more elastic in long-term than short-term because consumers can find 
alternatives and adjust their purchases according to price changes 31.

We hypothesize that food categories in this study could have different price elasticities. Since 
roots and tubers are important food staples in the Brazilian dietary pattern, the population has stable 
demand for them even with a reduced purchasing power 31. Although fruits are also essential for an 
adequate and healthy diet, a qualitative study carried out with health promotion program users in 
Belo Horizonte found that fruits are usually seen only as dessert, medicine, or meal replacement, 
affecting their purchase and intake 32. On the other hand, eggs are generally seen as a substitute for 
meat, a food group which was not analyzed in this study but whose prices significantly increased in 
the period 33.
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Figure 3

Quantile-quantile plots of the final models.

Note: “sample quantiles” are the residual quantiles, and theoretical quantiles are the corresponding Gaussian-distributed quantiles.

Although the population did not undergo food shortages 20, the first months of the pandemic 
likely altered food-purchasing patterns, in which ultra-processed foods replaced fresh and minimally 
processed foods because of their convenience and durability 24. The economic crisis associated with 
the COVID-19 pandemic increases levels of food insecurity and malnutrition, which, together with 
reduced physical activity levels, contribute to overweight, obesity, and other non-communicable dis-
eases 5. With food insecurity, obesity and malnutrition form a double burden of disease and are part 
of a global syndemic as risk factors for death from COVID-19 26,34,35. We therefore emphasize the 
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importance of including access to adequate and healthy food as a prevention measure for COVID-19 
and its complications, along with vaccines, hygiene, and social distancing 23.

The economic crisis associated with the pandemic is also an aggravating factor with potential 
negative effects on the human right to adequate and healthy food. At the time of this article’s review, 
retail food prices have significantly increased, whereas the population’s purchasing power worsened 
with the end of Emergency Aid payments. The rising inflation increased food prices, exposing some 
Brazilians to extreme situations, with likely repercussions on other human rights 21,22.

The situation is aggravated by the persistence of food inflation, caused by the devaluation of the 
Brazilian currency and the absence of public exchange control or export taxation policies to protect 
domestic consumers from the interests of exporters 23. A study compared Brazil’s food inflation in 
the first half of 2020 with its inflation of 2007 and 2019, finding that, during these years, foreign trade 
conditions, international prices, and exchange rates greatly influenced food inflation. However, in the 
first half of 2020, one of the causes for inflation was the increased demand for food in supermarkets, 
not accompanied by an expansion of food supplies 23.

Our study has some limitations. Firstly, we only analyzed data from a wholesale food supply 
center, not investigating the consumers’ food environment nor the retail network. However, price 
changes at CeasaMinas could have reflected on the rest of the food supply chain since the center’s 
main customers are grocery stores, supermarkets, and fruit and vegetable stores 6. CeasaMinas is 
one of largest food supply centers in Brazil, with databases on food prices and market data that are 
updated almost daily.

Another limitation of this study is the timeframe of the analyzed data. We chose to analyze the 
effects of the city’s first contingency measures on food prices. Price bulletins are updated many times 
a week, requiring several months to complete data collection; however, we believe that publishing 
these first results is critical. This urgency increases with the delays and reductions on the Emergency 
Aid payments, the increase in obesity prevalence (according to the most recent Brazilian National 
Health Survey), and Brazil’s return to the United Nations’ Hunger Map 10,36.

More recent data are being collected to identify the effects of the developing contingency mea-
sures on food prices. We chose to analyze immunization program and the reopening of schools in 
another paper, considering the effects of new measures on the prolonged evolution of the pandemic. 
The strengths of this study include adjustments for seasonality and for unobserved variability by 
random effects, making our data robust and our results more credible.

Furthermore, we could not analyze other variables that could affect food prices, including cli-
mate variations, food routes, marketing channels, or the purchasing power of individuals before 
and during the pandemic. Since the COVID-19 pandemic is not an isolated event, price changes are 
multicausal and may be associated with political choices that favor the hegemonic food system and 
ultra-processed foods. The interpretation of these results thus require caution.

Climate change, obesity, and malnutrition pandemics have created a global syndemic. Its common 
causes include commercial interests related to the hegemonic food system, policy inertia, and fragile 
and insufficient social participation. Effects of climate change on food prices and malnutrition are 
thus undeniable 21,35.

Our study has important strengths. To our knowledge, this is the first study to assess the effects 
of COVID-19 prevention measures on the price of fresh and minimally processed foods. Although 
these data are not regularly explored in the literature, they are freely available for scientific use as long 
as the data source is properly cited. Moreover, controlling the price analysis for market conditions 
removed the direct effect of seasonality, one of the main variables that affect availability and price of 
the included foods. This approach allowed creating better results, contributing to the literature on the 
interplay between strategies to combat the COVID-19 pandemic and food supply in Brazil.

We concluded that combat measures for COVID-19, including flexibility in opening and closing 
non-essential services in Belo Horizonte, greatly affect the price of fresh and minimally processed 
foods regardless of market conditions. This result seems good to consumers, but the lower price could 
be caused by a lower demand with the population’s reduced purchasing power and/or preference for 
foods of longer duration. Results must therefore be completed beyond the low processes observed, 
rethinking the urban food system and working on immediate and concrete actions to create a more 
just, nutritious, sustainable, and resilient food and land use system. Lower prices do not immediately 
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result in better access to food or healthier eating habits, requiring efforts to combat the pandemic’s 
effects on individuals and communities in the short, medium, and long term and to guarantee their 
right to adequate food.

We therefore emphasize the valuable contribution of food banks in Belo Horizonte for food and 
nutrition security in the city and its metropolitan region. Food banks seek to reduce food insecurity 
among vulnerable population groups by food donations, waste reduction, and food and nutrition edu-
cation 37. During the pandemic, food banks in Belo Horizonte and CeasaMinas-Great BH continued 
to function as an emergency service while new institutions were registered and the volume of food 
collections increased 37,38.

The consumption of fresh and minimally processed foods must be stimulated, whereas unhealthy 
habits, including ultra-processed food consumption, should be discouraged. Individuals and families 
tend to purchase, store, and eat more of ultra-processed foods during crises such as the COVID-19 
pandemic because of their convenience and long shelf life. Individuals must learn how to prepare 
their own meals and to observe hygiene and safety measures when purchasing food. Food waste at 
CeasaMinas may have increased because of the low demand for fresh and minimally processed foods, 
a contradiction when Brazil has returned to the Hunger Map.

The political efforts to ensure the human right to adequate food during this pandemic are critical 
in an unequal country such as Brazil, where viral spread is facilitated and consequences of COVID-19 
are even more devastating due to social inequality, precarious housing and sanitation, and a high 
prevalence of noncommunicable diseases 39. The country also has to face the denial of science, the 
disarticulation of important instances for the debate on food and nutrition security – such as the Bra-
zilian National Food Security Council and the Brazilian Ministry of Social Development and Fight 
Against Hunger –, persistent austerity in health financing, the double burden of obesity and malnutri-
tion, conflicts of interest, and a lack of transparency of the Brazilian Ministry of Health 19,21,39,40,41,42.
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Resumo

Foi analisado o impacto dos esforços para comba-
ter a pandemia da COVID-19 sobre o preço dos 
alimentos comercializados por uma central de 
abastecimento na sexta maior cidade brasileira. 
Examinou-se as variações percentuais dos pre-
ços de vinte tipos de alimentos, ajustados pelas 
condições de mercado e pelas fases dos planos de 
contingência municipais com a abertura e fecha-
mento de serviços não essenciais como bares e res-
taurantes (fase 1: primeira fase, apenas de serviços 
essenciais; fase 2: flexibilização; e fase 3: segunda 
fase apenas de serviços essenciais em comparação 
com o período “pré-pandêmico” [fase 0]). Os preços 
logarítmicos eram mais baixos em todas as fases 
de contingência para vegetais folhosos (variação: 
42% e 56%) e hortaliças (variação: 28% a 40%). 
Os preços logarítmicos de ovos e frutas eram 20% 
e 16% mais baixos durante as fases 1 e 3, respecti-
vamente. As estratégias para mitigar a pandemia 
da COVID-19 resultaram em preços mais baixos 
para ovos, frutas, vegetais folhosos e hortaliças, 
independentemente das condições de mercado. Is-
so revela a repercussão das estratégias de combate 
sobre a procura e oferta de alimentos in natura e 
minimamente processados, o que pode ser modu-
lado pela crise econômica e pelas dificuldades em 
acessar e/ou comprar alimentos perecíveis regu-
larmente. Os esforços para eliminar os impactos 
da pandemia devem assegurar o direito humano 
à alimentação adequada, uma vez que os preços 
baixos podem não ser sinônimos de segurança ali-
mentar.

COVID-19; Pandemias; Abastecimento de 
Alimentos; Verduras; Frutas

Resumen

Analizamos el impacto de los esfuerzos para lu-
char contra la pandemia de COVID-19 en los 
precios de las comidas vendidas por un centro de 
suministro alimentario, localizado en la sexta 
ciudad más grande de Brasil. Examinamos el por-
centaje de cambios en los precios de veinte tipos de 
comidas, ajustados por las condiciones de mercado, 
por las etapas del plan de contingencia municipal, 
con la apertura y cierre de los servicios no esencia-
les como bares y restaurantes (etapa 1: 1a fase de 
solo servicios esenciales; etapa 2: flexibilización; 
y etapa 3: 2a fase de solo servicios esenciales, en 
comparación con un periodo “pre-pandemia” [eta-
pa 0]). El registro de precios era más bajo en todas 
las etapas de contingencia para todas las verduras 
de hoja verde (variación: 42% a 56%) y hortalizas 
(variación: 28% a 40%). El registro de precios de 
huevos y frutas fueron un 20% y un 16% más bajo 
durante las etapas 1 y 3, respectivamente. Las es-
trategias para mitigar la pandemia de COVID-19 
resultaron en precios más bajos para los huevos, 
frutas, verduras de hojas verdes y hortalizas, in-
dependientemente de sus condiciones de mercado. 
Además, revela su repercusión en el suministro y 
demanda de comidas naturales y mínimamente 
procesadas, lo que quizás se vio modulado por la 
crisis económica y las dificultades para acceder 
y/o comprar alimentos perecederos más frecuente-
mente. Los esfuerzos para eliminar los impactos de 
la pandemia deben garantizar el derecho humano 
a alimentos adecuados, puesto que un bajo precio 
no es indicativo de seguridad alimentaria.
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