
Rev Saúde Pública 2014;48(1):154-169

Consumer reaction to information 
on the labels of genetically 
modified food

I	 Departamento de Enfermería Comunitaria, 
Medicina Preventiva y Salud Pública e 
Historia de la Ciencia. Universidad de 
Alicante. Alicante, España

II	 Departamento de Salud Pública, Historia 
de la Ciencia y Ginecología. Universidad 
Miguel Hernández. Elche, España

III	 Departamento de Farmacia. Universidad 
Cardenal Herrera CEU. Elche, España.

IV	 Hospital General Universitario. Alicante, 
España

Correspondence: 
Javier Sanz-Valero 
Departamento de Enfermería Comunitaria, 
Medicina Preventiva y Salud Pública e Historia 
de la Ciencia 
Universidad de Alicante 
Campus de Sant Vicent del Raspeig. Apdo. 
Correos 99, 03080, Alicante, España 
E-mail: javier.sanz@ua.es

Received: 4/27/2013 
Approved: 9/22/2013

Article available from: www.scielo.br/rsp

ABSTRACT

OBJECTIVE: To analyze consumer opinion on genetically modified foods 
and the information included on the label.

METHODS: A systematic review of the scientific literature on genetically 
modified food labeling was conducted consulting bibliographic databases 
(Medline – via PubMed –, EMBASE, ISI-Web of knowledge, Cochrane 
Library Plus, FSTA, LILACS, CINAHL and AGRICOLA) using the 
descriptors “organisms, genetically modified” and “food labeling”. The 
search covered the first available date, up to June 2012, selecting relevant 
articles written in English, Portuguese or Spanish. 

RESULTS: Forty articles were selected after applying the inclusion and 
exclusion criteria. All of them should have conducted a population-based 
intervention focused on consumer awareness of genetically modified foods 
and their need or not, to include this on the label. The consumers expressed 
a preference for non-genetically modified products, and added that they were 
prepared to pay more for this but, ultimately, the product bought was that 
with the best price, in a market which welcomes new technologies. In 18 of 
the articles, the population was in favor of obligatory labelling, and in six, in 
favor of this being voluntary; seven studies showed the consumer knew little 
about genetically modified food, and in three, the population underestimated 
the quantity they consumed. Price was an influencing factor in all cases.

CONCLUSIONS: Label should be homogeneous and clarify the degree of 
tolerance of genetically modified products in humans, in comparison with 
those non-genetically modified. Label should also present the content or not 
of genetically modified products and how these commodities are produced 
and should be accompanied by the certifying entity and contact information. 
Consumers express their preference for non-genetically modifiedproducts and 
they even notice that they are willing to pay more for it, but eventually they 
buy the item with the best price, in a market that welcomes new technologies.

DESCRIPTORS: Food Labeling. Food, Genetically Modified. Health 
Knowledge, Attitudes, Practice. Food Security. Health Promotion.
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a Regulation (EC) no. 1830/2003 of the European Parliament and Council of 22 September 2003 concerning the traceability and labeling 
of genetically modified organisms and the traceability of food and feed products produced from GMOs, and the Directive 2001/18/EC. EU 
Official Journal, no. L 268, 18 October 2003.
b Regulation (EC) no. 852/2004 of the European Parliament and Council on the hygiene of foodstuffs. EU Official Journal, no. L 139, 29 April 2004.
c Corrigendum to Regulation (EC) no. 852/2004 of European Parliament and Council of 29 April 2004 on the hygiene of foodstuffs. EU Official 
Journal, no. L 226, 25 June 2004.

Biotechnology can be found in many everyday prod-
ucts: biofuels, vaccines, drugs, cereals, wine, dairy 
products, and others. The animal world also partici-
pates in this technology, with the generation of cloned 
organisms, chosen for their productive and reproduc-
tive characteristics, and consumption of genetically 
modified (GM) grains (corn and soya, among others) 
all over the world.13,16,17,22,27,35,38,42,44,45,48-51,54,57,62 It is diffi-
cult not to encounter or consume transgenic products 
in the market, whether we are aware of this or not. 
The introduction of all these advances in genetic engi-
neering has been accompanied by the corresponding 
patents.13,16,17,22,27,35,38,42,44,45,48-51,54,57,62 However, it may 
be that the promises of GM technology (farming 
in extreme conditions, increasing nutritional value, 
sustained increase in harvests, decreasing need for 
pesticides, reducing world hunger, among others) 
exist more in the minds of GM supporters than in the 
commercial supply.13,16,22,27,35,38,42,44,45,48-51,54

Opinions and decisions on GM are divided: they have 
come to be consumed and accepted in the United States 
over the last decade, as well as in the rest of America, 
Australia and South Africa. However, Europe is, partly, 
resisting the introduction of GM foods into shopping 
lists.16,27,42,45 The citizen should be informed about the 
options available in the market by product labeling.13,16,38,45

In the united States, GM foods are allowed to be sold 
without being identified as such on the labeling and, 
in Europe, it is also not necessary if the GM content 
in the total product is < 0.9%.a Correct labeling should 
be viewed not only as a consumers right, but also as 
an important way of controlling and providing infor-
mation on the risk of consuming the product.13,16,38,45 It 
is easier to conduct epidemiological studies to detect 
any increases in illness of allergies due to consump-
tion of GM food, and other food, if they are correctly 
labelled.45 Tracing has been proven to be an effective 
tool in appropriate control of the source of food,b,c s has 
been shown in cases of food poisoning.

The objective of this study was to analyze users’ opin-
ions of genetically modified foods and of the informa-
tion on the label.

METHODS

A critical and systematic analysis was made of studies 
found in a bibliographical review of the scientific 
literature.

INTRODUCTION

The data used were obtained by direct and internet 
consultation of the scientific literature from the 
following databases: Medline, via PubMed; EMBASE; 
Web of Knowledge, Institute for Scientific Information 
(ISI); The Cochrane Library Plus; Food Science and 
Technology Abstracts (FSTA); Latin American and 
Caribbean Health Sciences Literature (LILACS); 
The Cumulative Index to Nursing and Allied Health 
Literature (CINAHL); AGRICOLA.

Articles which had been published in Spanish, English 
and Portuguese, in various countries and by different 
institutions or individual investigators were collected 
for the entire period for which each primary source 
had an index.

Medical Subject Headings (MeSH), developed by the 
National Library of Medicine, were used to search 
for the documents. Subheadings were not used, nor 
was it necessary to use tags. Using the Thesaurus, the 
following descriptors were deemed adequate «organ-
isms, genetically modified» and «food labeling», using 
these as the major topic in such databases as allowed 
this (Medline and EMBASE). This guaranteed the 
greatest search sensitivity and, therefore, the achieve-
ment of the most relevant and pertinent articles, elim-
inating ‘noise’ (articles not related to the principal 
topic of the search) from the results. The filter (limit): 
Humans, was used.

The search equation was developed for use in the Medline, 
via PubMed database, using Boolean connectors, and later 
adapted to the other databases mentioned above.

The search range was from the first available date, 
according to the characteristics of each database, until 
June 2012 (the time of the most recent update).

As a secondary search, to reduce potential publica-
tion bias, the bibliography of each article selected in 
the principal search was examined, aiming to identify 
studies that had not been detected in the review.

The final selection of articles was conducted according 
to their fulfilling the following inclusion criteria: having 
undergone peer review, being relevant, the entire text 
being available and being written in English, Spanish 
or Portuguese.

Exclusion criteria were: not containing information on 
the label, not having been studied in a population and 
the label not containing information on GM organisms 
and their products, despite being food products.



156 Labeling genetically modified food Sebastian-Ponce MI et al

The articles were independently evaluated by two 
of the authors of this review (S-P and S-V) to deter-
mine relevance. The STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE)d 
questionnaire was used as an aid in evaluating the quality 
of the articles. The score for agreement between these 
authors (Kappa index) had to be > 0.80 (very strong 
agreement) to make selection of the articles for the 
review valid. As long as they met this criterion, 
possible disagreements were resolved by consulting a 
third author (W-B) and consensus then being achieved 
between the authors.

The accuracy of the data was monitored using double 
entry, which enabled errors to be noted and corrected 
through consulting the original again.

The studies were grouped according to the variable 
studied, aiming to systemize and facilitate under-
standing of the results, codifying the following data: 
authors and year of publication, intervention conducted, 
study population, location, year in which it took place 
and the main conclusions drawn.

None of the articles were rejected for methodological 
reasons. There were no restrictions concerning gender 
or age of the patients or type of sample.

RESULTS

A total of 495 articles were found, of which 372 (75.1%) 
were from the Institute for Scientific Information (ISI) 
database, 62 from Web Of Knowledge, (12.3%), from 
Medline, 31 (6.3%), and 16 from EMBASE (3.2%), 
from CINAHL, 12 (2.4%), from AGRICOLA and 3 
(0.6%) from LILACS. Forty articles were selected 
after applying the inclusion and exclusion crit
eria1-6,8-12,15,18,20,21,23-26,28-34,36,40,41,43,46,47,52,53,56,58-61,63 (Figure).

It was not necessary to measure agreement between 
the authors, as agreement on the studies’ relevance 
was 100%. All of the selected articles were above the 
median of the items proposed by STROBE for obser-
vational studies.

In addition to redundant articles, appearing in different 
databases, we also found studies dealing with the same 
intervention in various publications. In such cases, the 
most recently published article covering data from the 
entire intervention was selected.23,46,53,61

In some articles, depending on the study population, 
various interventions were included. Thus, four inter-
ventions in Bredahl,8 three in Huffman et al,23 Knight 
et al26 y Miles et al,36 and two in articles by Brown,9 
Lü,29 McGarry Wolf et al,34 Nayga et al,41 Shehata,53 

Tenbült et al,59 and Zhong et al63 are considered. The rest 
of the articles had evidence of one intervention each. 
In total, there were 56 interventions in the 40 selected 
articles (Table).

The most used intervention method for obtaining data was 
the personal interview, 30.3% 2,4,6,10,12,18,24,26,28,29,32,34,41,52,53 
of the 56 interventions; followed by group work, 
30.3%;9,15,23,29,30,40,43,58,59 questionnaires, 12.5%;3,25,36,47,56 
telephone surveys, 12.5%;1,5,21,41,53,60,63 mail surveys, 
7.1%;11,20,31,46 point of sale data, 3.6%;13,16,26,33,38,45 
internet survey, 1.8%61 and investigation of journals, 
1.8%.63

The population investigated provided heterogeneous 
data, ranging from very concrete data on age, sex 
and levels of culture and income,15,23,41,52,53 to merely 
providing data on the number of participants: 12 studies 
(30.0%).3,5,10,24-26,31,34,41,53,61,63

The intervention with the largest number of participants46 
was n = 2,387 and that with the lowest number had26 
n = 17. In one of the interventions, it was noted that the 
population was selected according to sex (only women).30

d STROBE Statement: collaborative initiative of epidemiologists, methodologists, statisticians, researchers and journal editors involved in the 
conduct and dissemination of observational studies[cited 2014 Feb 8]. Available from: http://www.strobe-statement.org/

n = 495

n = 501

n = 461

n = 56

n = 40

n = 40

• Articles found in the bibliographic databases

• Articles identified from the bibliographies
   of recovered articles = 6

• Repeated and redundant articles = 40

• Articles excluded for not meeting inclusion
   criteria:
   - Complete text not recovered: 18
   - In other languages: 9 (Russian, 4;
     German, 2; Japanese, 2; Finnish, 1)
   - Editorial, opinion, review and others: 170
   - Not dealing with the topic: 208

• Articles eliminated after applying exclusion 
   criteria: dealing with GM and labeling and
   not conducting any intervention = 16

• Total articles selected for the review

Figure. Diagram of the selection of articles on GM and 
labeling. 
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Of the 40 studies selected, 44.6% of interventions took 
place in Europe, 33.9% in America, 14.3% in Asia, 5.3% 
in Oceania and 1.8% in Africa. Whereas in Europe, Asia, 
Africa and Oceania, the interventions were distributed 
homogeneously (between one and three interventions) in 
different countries, in America the interventions centered 
on the USA (15 of the 19 interventions).

The design was cross-sectional, with the exception of 
monitoring articles published in journals, which lasted 
six years,63 and one of the studies which collected point 
of sale data and lasted four years.33

The most recent interventions (four in total) were 
performed in 2007 (7.1%),6,15,47,53 in Germany, Kenya, 
Japan and Spain.

In 45.0% of the 40 selected articles, the population 
studied were shown to be clearly in favor of mandatory 
GM product labeling.1,3-5,12,24,28,29-30,32,40,46,47,53,56,58,60,63 In 
15.0%, they were in favor of voluntary labeling.9,23,31,43,52,61 
Young people were in favor of mandatory labeling, as 
shown in certain studies conducted in educational 
institutions.4,47 Nutrition professionals and consumers 
agreed that mandatory labeling was necessary.3

In the interventions in which participants received infor-
mation, their wish for mandatory labeling depended on: 
whether the information received was positive (clearly 
in favor of GM products), the label did not seem to be 
important, and whether the information was negative 
(clearly against GM products) or neutral (technical 
information without connotations), they expected the 
labeling to be mandatory.23,47 Consolidated negative 
attitudes were difficult to change.4,36,61 The information 
received (neutral, positive or negative) was a decisive 
factor in acceptance or rejection of GM products.

Consumers did not demand labeling nor oppose GM 
products if they perceived benefits for themselves, for 
farming or for the environment, and, of course, if no 
health risk was perceived.5,9 According to the inter-
viewees, educational material should explain the risks 
and benefits GM poses to the environment and to human 
health. They also declare that the actual labeling system 
does not meet customers’ expectations.20

The rapid expansion of GM products contrasted with 
professed lack of knowledge, as was found in 17.5% of 
the articles.1,9,28,29,32,53,63 In the interventions, consumers 
did not conclude that the tolerable level of GM mate-
rial in the final product, of between 1.0% and 5.0%, 
made no difference to acceptance.23,55 Nor did they find 
differences in accepting products manufactured using 
GM, but not containing it, and products that did contain 
GM.8 The population underestimated the quantity of 
GN products they consumed.15,23,56

DISCUSSION

As can be seen in the results, the consumer expressed 
a preference for non-genetically modified products but 
stated they would buy the article with the best price, in 
a market that welcomes new technologies. The popu-
lation was shown to be in favor of mandatory labeling 
for GM products, although some studies show a pref-
erence for voluntary labeling. A lack of knowledge of 
GM was shown, as was, in some cases, an underesti-
mation of the quantity consumed.

The impact of GM products is difficult, if not impos-
sible, for the consumer to determine. However, it is 
assumed that their market, and consumption, would 
be affected if it was marked on the label that they 
were GM, the products being stigmatized.52 Reading 
the selected articles revealed consumer uncertainty at 
not being able to distinguish easily between GM and 
non-GM products.8,11,14,23 This would be solved by one 
single, standardized label.15

The responses to the studies were partly determined by 
the type of intervention conducted: while the results 
varied in the personal, telephone and mail results, the 
desire for mandatory labeling was higher after infor-
mation was provided. The same occurred in groups, 
when the information provided to the population was 
neutral or negative towards the technology. Although 
mandatory labeling of GM products does not seem 
economically justifiable in all countries, it is a neces-
sary alternative, offering consumers the information 
they are demanding.28,55

Sociodemographic data (age, sex, education) do not 
provide conclusive data as, whereas in some articles they 
appeared to be significant,46,63 in others they were not.23

The higher quantity of interventions performed in the 
USA, a country in which labeling is voluntary, may be 
due to these products having been included on the shop-
ping list since this technology began.e The most recent 
interventions did not take place in this country. The lack 
of population studies since 2007 may be a consequence 
of this technology being gradually, progressively incor-
porated and different legislations have adapted them-
selves to this new order. Tacit acceptance of GM may 
explain the lack of any more studies19 and, perhaps, the 
lack of knowledge concerning GM.

Consumers who stated they paid attention to labels 
were those who were shown to have the least desire 
to consume GM products.1,10,25 They were in favor of 
specific labels, for the right to knowledge and to making 
informed decisions.56,60

e Gruère GP, Carter CA, Farzin YH. Explaining international differences in genetically modified food labeling regulations. In: Annual Meeting 
of the American Agricultural Economics Association; 2004 Aug 1-4; Denver, Colorado. Paper Nº 20341.
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For some consumers, the GM concept was associated 
with a loss of utility.55,61 Thus, it did not seem, to them, 
a good idea to label conventional products as «GM 
free».47 It was more credible to label GM products in 
contrast to non-GM products.46,58 Including contact 
information partly resolved uncertainty about GM, 
even more so when the information was supported by 
certification by a state agency.4,18,46,55,58

The negative perception of GM products, in contrast 
with non-Gm products,4,24,52 may be due to consumers 
considering the non-GM products cause fewer envi-
ronmental problems.39,40,46 In the case of the article 
in which reports in newspapers,63 it was noted that 
articles on GM products were more abundant and 
in a negative sense from 1995 onwards. In the US, 
greater desire for mandatory labeling of GM prod-
ucts began with the appearance of StarLink corn in 
the food chain.34

Distributors and wholesalers of GM products found 
traceability important, and even supported it, but they 
prefer not to label because of the costs and possible 
adverse consumer reaction.6,26 Nor did these whole-
salers and distributors show the desire to cease impor-
tation from countries producing GM items.26

When consumers accept GM products, they expect 
more competitive prices10,11,23,43 and are prepared to pay 
a little more, a premium, if the label assures them that 
the product is non-GM.11,23,28,39,55 Although they state 
that they prefer non-GM to GM products, evidence from 
supermarkets shows that consumers pay more atten-
tion to price than to containing GM, or otherwise.11,33

There is disparity in opinions concerning GM products, 
based on lack of knowledge of the topic in general (% 

of tolerance, presence or absence of GM in food, GM 
concept, among others). Despite this lack of informa-
tion, the population does not refrain from expressing 
their opinion. The information and sources from which 
the consumer receives it affect the way in which the 
market perceives GM products. This is directly related 
to the way in which they want to be informed by the 
label. Educational materials should present explana-
tions of the risks and benefits GM poses to the envi-
ronment and to human health.7,55 The review detected 
that current labeling of GM products is not effective at 
informing the consumer.

It would be interesting to continue in the same vein as 
these articles, investigating the population’s opinion 
and knowledge of these technologies. This allows an 
evaluation of the evolution of people’s interest in what 
they consume and their understanding of labeling.

Although it is preferable to base a systematic review 
on studies with adequate follow up periods, as well as 
limit the review to studies with an appropriate design, 
guaranteeing scientific evidence of the final conclu-
sions, it was decided to include all of the studies found 
that were deemed relevant, having studied behavior in 
relation to labeling and genetically modified food, and 
having passed the quality evaluation (STROBE).

To conclude, labeling needs to be homogeneous and 
explain the degree of tolerance of GM products, 
compared with non-GM, as well as explaining GM 
content, or otherwise, and the way in which these 
articles of consumption are manufactured. The label 
should also include contact data. In practice, consumers 
express a preference for non-GM products, but buy 
the article which has the best price in a market which 
welcomes new technologies.37,39
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