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Summary  

This report provides an overview of deficiencies in current European Food Safety Authority EFSA 
risk assessment in regard to genetically engineered plants for import and usage in food and feed.  

The report is based on an analysis of EFSA opinions published within the last few years. It fur-
ther takes in the outcomes of the EU research projects GRACE and MARLON as well as the EU 
Commission announcement that it will reconsider the Implementation Regulation (503/2013). This 
regulation sets the standards for the risk assessment of genetically engineered plants for use in food 
and feed. Amongst others, it includes a request that feeding studies with the plants are conducted 
in order to assess health risks. Industry is demanding that this request be abandoned. 

As Testbiotech shows, the EU projects mentioned above only partially fulfilled their objectives. The 
GRACE project failed to develop sufficiently reliable and robust methods to replace the feeding 
studies. The MARLON project was unable to define suitable methods to monitor potential health 
effects after a market authorisation has been issued. 

In the light of these findings and after a detailed analysis of EFSA opinion, Testbiotech recommends 
that the standards for risk assessment are substantially raised. Some of the relevant topics are: 

›› The requirements on the data to be provided for the first steps of risk assessment (which is the 
comparison between the genetically engineered events and mostly isogenic lines) need to be 
broadened to include more detailed methods and data on further substances (such as small RNAs) 
and on plant characteristics. 

›› The functional stability of the additional DNA and its interaction with the environment have to 
be given priority. The events should be exposed to a broad range of defined stress conditions. Data 
on metabolomics should be provided. 

›› Stacked events need to be examined just as carefully as the single plants. In field trials, the parental 
plants have to be included as comparators. 

›› Independently of the outcome of the first stage of risk assessment, further investigations must be 
performed to assess the impact on human and animal health from the consumption of whole food 
and feed. These investigations should also include potential impacts on the immune system and 
reproduction. 

›› Long-term effects have to be given priority. To assess these effects, feeding trials must take into 
account the whole lifetime of the animals, including their offspring.

›› Residues from spraying with complementary herbicides must be assessed in detail. 

›› The toxicity of each of the Bt toxins produced in the plants must be assessed in detail. Whereby 
special attention needs to be paid to combinatorial effects with other substances (especially with 
stress factors) and the impact on the immune system. 

›› Independent control during the data generation is absolutely necessary during each step of risk 
assessment. 

›› Cut-off criteria such as a prohibition of market authorisation must be established for genetically 
engineered organisms able to spread into native populations.  
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›› Specific guidance needs to be established for genetically engineered plants that are changed in their 
nutritional composition, in particular, taking into account the long-term effects of consumption. 

›› The precautionary principle, the limits of current knowledge and resulting uncertainties must be 
given much higher priority. 

1. Introduction 

All genetically engineered plants must undergo a process of authorisation, including risk assessment. 
Directive 2001/18 on the deliberate release of genetically engineered organisms into the environment 
and Regulation 1829/2003 on the use of genetically engineered plants in food and animal feed, provide 
the regulatory framework for this process. In addition, the European Food Safety Authority EFSA has 
issued further guidance relevant to risk assessment, including specific guidance for environmental risk 
assessment (EFSA, 2010) and for food and feed (EFSA, 2011). 

Further, the EU Commission adopted a special Implementation Regulation (503/2013) for the risk  
assessment of genetically engineered plants for use in food and feed.1  However, this Implementation 
Regulation is controversial: Unlike EFSA in their opinion, the EU Commission requests that genetically 
engineered plants used in food and feed undergo feeding trials. The Commission requests 90-day feed-
ing trials with rats being fed the respective parts of the plants such as maize kernels. So-called stacked 
events, which are created by crossing several genetically engineered plants, are the only exemption  
to this rule. 

Both industry and experts from EFSA2  reject the need for feeding studies and point out that no feed-
ing trials are requested in the US or Canada. For this reason, the Commission has announced that the 
Implementation Regulation might be revised again in 2016, after the results of the EU research project  
GRACE3  are presented. 

Testbiotech has followed the GRACE project closely and found evidence that experts with extensive 
ties to the biotech industry (Bauer-Panskus & Then, 2015) had a great deal of influence. The EU project 
GRACE did not succeed in finding sufficiently reliable and robust methods that could replace animal 
feeding studies given the current state of knowledge. Furthermore, the EU project MARLON4 , which 
was also conducted by experts with strong affiliations to industry, did not succeed in identifying meth-
ods for monitoring the effects on human and animal health due to the consumption of genetically 
engineered plants. (Bauer-Panskus & Then, 2015). 

The purpose of this Testbiotech report is to analyse current EU standards for the risk assessment of 
genetically engineered plants for use in food and feed. Testbiotech has for several years looked closely at 
the way EFSA carries out risk assessment and commented numerous times on the individual opinions 
of EFSA5 . Our experience and expertise in this respect form the basis and starting point for this report.

1   	 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2013:157:0001:0048:de:PDF
2   	 http://onlinelibrary.wiley.com/doi/10.15252/embr.201642739/abstract
3   	 http://www.grace-fp7.eu/
4   	 http://web.spi.pt/marlon/index.html
5   	 www.testbiotech.org/database 
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In the European Union, up until June 2016, fifty-five events6  have been authorised for use in food and 
feed.7  Most plants are allowed for import only. Just one plant, maize MON810 produced by Monsanto, 
is also allowed for cultivation.

Out of the 55 events, 28 are for maize, 10 for cotton, 12 for soybeans, 4 for oilseed rape and 1 for sugar 
beet. 
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Figure 1: Genetically engineered plants (events) allowed for import into the EU and for usage in 
food and feed, list of species8 

In respect to the traits (technical characteristics) the following grouping can be made: 

›› 7 produce insecticidal toxins 

›› 21  are resistant to herbicides 

›› 22  have a combination of insecticidal toxins and herbicide tolerance 

›› 1 soybean is changed in its nutritional compounds

›› 2 soybeans are changed in their nutritional compounds and resistant to herbicides 

›› 1 maize is engineered to tolerate drought conditions 

›› 1 oil seed rape produces sterile pollen and is resistant to herbicides. 

Furthermore, around mid-year 2016, there will be about 50 applications pending for other events in the 
EU, most of them for import.  

6   	 If the process for genetic engineering is successful, the resulting plant is called an event. The plant characteristics are 
called traits.

7   	 http://ec.europa.eu/food/dyna/gm_register/index_en.cfm
8   	 http://www.testbiotech.org/en/gendatenbank_bilder 
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Figure 2: Genetically engineered plants (events) allowed for import into the EU and usage in food and feed,  
list of traits.9  

9   	 http://www.testbiotech.org/en/gendatenbank_bilder
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3. Overview of relevant risks  

Genetically engineered plants for use in food and feed  are a considerable challenge for risk assessment. 

Firstly, the risk assessment of the composition of compounds is much more complex than for isolated 
and chemically well-defined substances. Plant constituents encompass thousands of compounds such 
as carbohydrates, amino acids and fatty acids, in addition to compounds of the so-called secondary 
metabolism such as those for natural defence mechanisms. All these compounds, including their inter-
actions, have to be considered in the assessment. Further, there are biologically active compounds to 
be considered such as miRNA, which can interfere with gene regulation and be transferred at the stage 
of consumption without losing biological activity. The concentration of these components and their 
composition are dependent on environmental conditions and the stages of vegetation. The risk assessor 
needs to look at genetically engineered plants as organisms undergoing steady changes due to various 
impacts rather than as static entities that always have the same characteristics. 

Secondly, the potentially negative impacts of using genetically engineered plants in agriculture and 
food production, are not restricted to specific applications as is the case with many pharmaceuticals or 
pesticides. In the case of genetically engineered plants, a much broader range of interactions has to be 
considered. No matter where the plants are cultivated and for which food or feed purposes they are used, 
independently which combinatorial effects will emerge, it must be ensured that the plants do not cause 
any harm to health or the environment even after long-term exposure. 

 

Health
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Figure 3: Overview of some risk categories for genetically engineered plants, taking into account interactions  
with the environment 

 
One has to assume that these challenges cannot easily be met by science, companies, authorities or 
political decision makers. Indeed, faced with this huge challenge, companies and risk assessment au-
thorities have reacted with an overly simplistic approach: For example, the newly produced compounds 
produced in the plants are taken out of context and assessed in isolated form. Experimental field trials 
are only conducted over a short period of time and only on very few field sites. If this very limited testing 
does not provide evidence for potential hazards, no further detailed investigations are required. 
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Moreover, there is a substantial discrepancy between the range of risks and the technical means available 
to perform risk assessment. It would be a mistake to believe that our current knowledge and scientific 
methods are adequate to identify the real risks or for efficient control. 

In fact, it seems to be more or less impossible to assess the multiplex risks of genetically engineered plants 
used in food and feed in a way that safety can be guaranteed. Safety cannot be concluded from a retro-
spective assessment. As yet, there is no sufficiently reliable system for monitoring the negative impacts 
of genetically engineered plants that are granted market authorisation. 

In conclusion, the real risks from the cultivation of genetically engineered plants and their use in food 
and feed are much more complex than the technical means available to predict and control those risks, 
or to protect health and the environment in the long-term. 

Added to this, there appears to be a substantial amount of non-knowledge that is seemingly intentional. 
In many cases, crucial investigations that would not pose major technical challenges, are neither carried 
out nor requested. The difference between inevitable non-knowledge and intentional ignorance is made 
more explicit in Table 1, which is based on the work of Boeschen et al (2006). 

Tabelle 1: Dimensionen des Nichtwissens (Nach: Boeschen et al., 2006). 

1st dimension knowledge (or awareness) of non-knowledge 

fully recognised  ↔ completely unrecognised

2nd dimension intentionality  of non-knowledge 

unintended ↔ consciously refused

3rd dimension temporal stability (or reducibility) of non-knowledge  
not yet known  ↔ entirely unknowable 

In general, it is important to be aware of the limits of current knowledge. Where reliable knowledge 
or evidence is not available, precaution and prevention have to take priority. This is the reason why the 
regulatory system in the EU is based on the precautionary principle in regard to genetically engineered 
plants. If there are reasons to doubt safety, they can and should be prevented from being marketed. 

For further consideration, it is useful to identify larger groups of risk. Systemic risks due to the processes 
used for genetic engineering, and more particular risks such as the specific traits that are introduced into 
the plants and the products derived thereof. 
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3.1 Systemic risks 

Gene activity in the plant cells is normally controlled by the plants´ own gene regulation. It enables the 
plants to keep some kind of steady, dynamic balance when exposed to various environmental condi-
tions. If biotic or abiotic stressors impact the plants, they will have various reactions such as the produc-
tion of specific compounds to defend themselves. If adaptability is insufficient, the plants will show signs 
of distress and might decay. 

Similarly, there is a balance between the environment and the various species: After millions of years of 
co-evolution, the genetic conditions and plant characteristics have reached a stage of optimal adaptation 
to each other, and will continue to evolve further in steady interaction with the ecosystems. 

The genetic plasticity of the plants (which are also called epigenetic mechanisms) enabling them to 
adapt to new environmental conditions is sometimes astonishing. For example, there are cases where 
weeds reacted to the cultivation of herbicide resistant genetically engineered plants by multiplying some 
DNA sequences within their genome. This enabled them to adapt to the use of glyphosate (Sammons 
& Gaines, 2014; Gaines et al., 2009) very much more rapidly than expected.  

The dynamic balance between plants and the environment is also known as homoeostasis. This expres-
sion is used to refer to the systemic capability of cells and organisms to safeguard their stability, encom-
passing the totality of their regulatory processes. 10  

Very generally spoken, homoeostasis in genetically engineered plants is changed in comparison to their 
conventional counterparts. However, these changes are neither developed by interaction with ecosys-
tems nor on the basis of the genetic plasticity of the plants. Genetic engineering is not concerned with 
seeing the plants and their cells as a self-regulating system. Instead, genetic engineering intervenes di-
rectly at the level of the genome in order to create  a desired  genetic condition. 

This might be seen as similar to mechanisms that are known from viruses, which can enforce genetic 
conditions in plants and even be detrimental to the cells affected. However, the techniques used in 
genetic engineering are very different from other methods that can cause a change in the genetic condi-
tions of plants such as: 

›› Random mutations: These evolutionary mechanisms do not generally put the plants’ own regula-
tory capacity into question. In many cases, the cell will be able to silence a mutation. 

›› Methods of traditional breeding by sexual crossing: The genetic conditions of the individual plants 
being used are recombined in the next generation, but the biological mechanisms involved are 
based on the system driven by evolution. In some cases, plants may display undesired characteris-
tics. However, this problem is not caused by the methods used for breeding. On the contrary, it is 
related to specific aims of the breeders, which, for example, can result in non-sustainable forms of 
agriculture.

To conclude, from a regulatory perspective there is no scientific justification for considering genetically 
engineered plants to be equivalent to those derived from traditional breeding as is the case in the US 
and Canada. In this regard, the scientific approach taken by the EU is much better suited to the purpose 
because here the technical process is decisive for the regulatory requirements. 

10   	 See for example www.spektrum.de/lexikon/biologie-kompakt/homoeostase/5621
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The systemic risks are relevant for risk assessment for food and feed as well as, for example, the long-term 
consequences of introducing the DNA from genetically engineered plants into native populations. The 
insertion of the additional genetic material can change the activity of the plants´ own gene activity (see 
for example Batista et al., 2008; Jiao et al., 2010). In addition, there are several publications showing 
that genetically engineered plants do not react to environmental stress in the same way as plants derived 
from conventional breeding (see Meyer et al., 1992; Gertz et al., 1999; Matthews et al., 2005; Zeller et al., 
2010). The impacts on the plants can be various: The plants might show a higher susceptibility to pests 
or lower yield or lower resistance to conditions such as climate change. But it can also render higher 
fitness (such as a higher pollen count or seeds) or an increased content of unhealthy compounds. These 
unintended changes might only emerge under specific environmental conditions or after several genera-
tions. In general, there is a greater urgency around these issues due to ongoing climate change. 

In conclusion, there is a need for detailed investigations of the interactions between newly introduced 
DNA, the plant genome and the environment. The investigations should cover several stages of vegeta-
tion, last more than one generation and involve a broad range of environmental conditions. Otherwise, 
we will not know if the homoeostasis of the plants has been disturbed by the process of genetic engi-
neering in a way that could cause harm to health and the environment. However, as yet, no systematic 
investigation of the interactions of genetically engineered plants with their environment has ever been 
requested by the EFSA. 

This kind of ‘non-knowledge’ is intentional. It would not require a huge effort to collect more relevant 
data, for example, by using climate chambers. Further, the so-called omics (metabolomics, transcrip-
tomics, proteomics) can be quite useful in this context since they allow lots of data on changes in gene 
regulation and metabolism in the plants to be generated. These data might not allow any direct conclu-
sions to be drawn on the risks, but they can provide important information to facilitate more targeted 
down-stream investigations. 

In general, issuing any authorisation for the use of genetically engineered plants in food and feed with-
out first requesting comprehensive data on the reactions of the plants to a broad range of defined envi-
ronmental conditions, is an act of negligence.
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3.2 Specific risks

Specific risks associated with genetically engineered plants are, for example, intentionally introduced 
traits such as insecticidal toxins, herbicide resistance or changes in nutritional quality. 

In addition to combinatorial and accumulated effects, risk assessment has to take into account the new 
proteins, metabolites and biologically active compounds such as miRNA. As yet, only a few of the rel-
evant factors are taken into account during EFSA risk assessment. Some of the risks are discussed in the 
following chapters. 

3.3 Assessment of long term effects  

Deliberate release and cultivation of genetically engineered organisms exposes the environment and 
the chain of food production to new, large-scale biological functions and compounds, which were not 
evolved and adapted to in evolutionary processes. It is a matter of serious concern that we are already 
seeing the uncontrolled spread of transgenic plants into native populations in several regions (see Bauer-
Panskus et al., 2013). 

The lack of balance between our capability to perform risk assessment and the real risks is especially rel-
evant in these cases. No one can predicted how these plants will evolve in further evolutionary processes, 
which will among other things be influenced by ongoing climate change. 

This problem is also relevant to future food production since it can result in continuous and non-con-
trollable contamination of seeds and / or harvests. All the uncertainties around the long-term impacts on 
health and the environment will be continued into future generations. Moreover, in many cases, future 
generations will have no way of removing these plants from the environment.

Therefore, from the perspective of the intention of the precautionary principle, any release of genetically 
engineered organisms that might persist in the environment should be prohibited. So far, however, there 
are no clear “cut-off” criteria to reject applications where there is no effective spatio-temporal control in 
place for the genetically engineered organisms. 
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Japan: 
Oilseed rape

Philippines:
Maize

Australia:
Oilseed rape
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           Maize

Panama:
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Mexico: 
Maize, Cotton

USA:
Oilseed rape
Creeping bentgrass
Loblolly pines*
Grasses*
Alfalfa*

Switzerland:
Oilseed rape

China: 
Poplar,
Rice South Korea: 

Maize, Cotton, 
Soybean

Brazil:
Mosquitoes*

Canada:
Oilseed rape

Fig. 4: Overview of case studies of uncontrolled spread of genetically engineered organisms  
(* = lack of regulatory oversight or missing scientific data)

Regardless of whether the genetically engineered plants can persist in the environment, there must be an 
assessment of their long-term effects on health and the environment, including their combinatorial and 
accumulative effects. Some of these issues will be discussed in the following chapters. 
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4. Comparative risk assessment and substantial equivalence

Existing EU regulations such as Regulations 178/2002 and 1829/2003 as well as Directive 2001/18 foresee 
a high level of protection for consumers and the environment. For example, in Recital 9 of Regulation 
1829/2003 it says: 

“Thus, genetically modified food and feed should only be authorised for placing on the Community market 
after a scientific evaluation of the highest possible standard, to be undertaken under the responsibility of 
the European Food Safety Authority (Authority), of any risks which they present for human and animal 
health and, as the case may be, for the environment.” 

According to Regulation 1829/2003 (Article 4), it must be excluded that food and feed derived from 
genetically engineered plants has adverse effects on human health and the environment:  

“(1) Food (…) must not:  
(a) have adverse effects on human health, animal health or the environment;

(3) No GMO for food use or food referred to in Article 3(1) shall be authorised unless the applicant for 
such authorisation has adequately and sufficiently demonstrated that it satisfies the requirements of  
paragraph 1 of this Article.” 

These regulations pose a huge challenge for the risk assessor. As already mentioned, the use of food plants 
is not restricted to specific purposes as it is with pharmaceuticals or pesticides. Rather, there are all kinds 
of uses and possible impacts on health and the environment that have to be considered together with 
agriculture and food production. Regardless of where these plants are grown or in which food and feed 
they might be used, the plants must be proven to have no adverse effects on health or the environment. 

For each relevant area of concern, specific and robust methods need to be developed together with as-
sessment criteria. The following diagram gives an overview of some of the relevant topics. 
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Effects on intestinal flora

Animal and 
human health

Figure 5: Schematic overview onf some health risks ofposed by genetically engineered plants 

In the toxicological assessment of single isolated compounds, it is very often possible to develop a solid 
hypotheses for targeted investigations, but this is much more difficult in the context of genetically 
engineered plants. In the risk assessment of genetically engineered organisms we are not dealing with 
clearly defined compounds, but with thousands of components that can show large variations in their 
composition. 

Consequently, the risk assessment of genetically engineered plants has to start with the uncertainties, 
and cannot at this point be narrowed down to well-defined potential hazards or be reduced to very 
specific risks. From a scientific point of view, this is a much bigger challenge than the assessment of 
chemically well-defined single substances. 

The EU risk assessment tries to overcome this problem with a so-called “comparative approach”: Ge-
netically engineered plants are grown side by side in experimental field trials. A comparison is made of 
some plant characteristics (such as height, yield and flowering) and the composition of several plant 
components. Although at first sight this may appear to be a reasonable approach, current practice does 
not allow sufficiently reliable conclusions. Some of the deficiencies are: 

›› The very limited number of field sites (mostly below ten) and the short duration of the field trials 
(very often only one season) that do not allow reliable conclusions to be drawn on the risks of  
large-scale cultivation. In fact, these trials are nothing but a “snapshot” and certainly cannot reflect 
the whole picture. Once these plants have been granted authorisation for commercial cultiva-
tion, they will be grown under very different environmental conditions, where the opportunities 
for them to interact with the environment are very much increased. Moreover, their traits will be 
introgressed into other varieties that have a different genetic backgrounds. This can cause further 
unpredictable interaction between the genomes of the plants and the newly introduced genes. 
What is missing are comprehensive data on the interactions with the environment and biotic or 
abiotic stressors, including those varieties that are actually cultivated in the field.
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›› The components used for comparison such as carbohydrates, amino acids and fatty acids and min-
erals, represent only a small percentage of relevant plant ingredients and their metabolic processes. 
For example, omics-data are not requested and neither is data on biologically active substances 
such as chemical transmitters or biological messengers such as miRNA. The problem arising 
from selecting of data that is too narrow is also relevant for the plant characteristics. For example, 
secondary seed dormancy, resistance to (non-target) pest organisms or reactions to more extreme 
climate conditions are not generated in a systematic manner. Furthermore, in many cases, it is 
not the whole plant that is investigated but only specific parts of it such as the kernels. Most data 
on plant components only concern the harvest, there are not many data on the different stages of 
vegetation. Consequently, relevant changes in plant characteristics and components can easily be 
missed. 

›› Nearly all data show significant unintended changes in comparison to the plants´ composition. 
However, the biological relevance of these differences very often remains a matter of uncertainty. 
In most cases, these differences are not investigated further but are assumed to be irrelevant at the 
early stage of the investigations. Without generating further more specific data on the real range of 
variations under defined environmental conditions, such assumptions are not sufficiently reliable.

›› In parallel to the conventional plants that were used to create the genetically engineered plants 
(which are its ‘comparators’), there are further varieties used in the field trials as further ‘refer-
ences’. These additional plants can show a large range of compositional differences, which are not 
relevant for the risk assessment. Data stemming from these reference plants can hide relevant dif-
ferences between the genetically engineered plants and their true comparators. In fact, data from 
these reference plants are used by EFSA to justify not carrying out further investigations. 

›› Some crucial data are not requested at all. For example, in trials with so-called stacked events 
(which are derived from crossings of genetically engineered plants), the parental plants are not re-
quested to be grown in parallel. While EFSA, in its first guidance, previously requested such data 
(EFSA, 2007) these requirements were abandoned without sufficient justification in the following 
years.  

›› All data from field trials are generated by industry without any independent control. 

 
In recent years, some progress has been made as, for instance, a more detailed statistical analysis is now 
requested. Furthermore, data in the so-called ILSI database (see Then & Bauer-Panskus, 2010) can no 
longer be used for the purpose of specific comparisons. But nevertheless, this has not solved the general 
problems with comparative risk assessment. 

The deficiencies as described have a huge impact: Nearly all further steps in risk assessment carried out 
by EFSA are dependent on the outcome of the first comparison. If no evidence is found for potential 
hazards in this first step, then more specific investigations such as in-vitro tests or feeding studies with 
the plant or any long term investigations are not requested. 

Also in the opinion of EFSA, there is a substantial difference between the “comparative risk assess-
ment” and a “comprehensive risk assessment” (EFSA 2011). Indeed, the comparative risk assessment is 
not much more than a cursory check and certainly nothing like a comprehensive, robust and reliable 
risk assessment. 
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Industry had considerable influence in setting the standards for comparative risk assessment. Especially 
relevant in this context is the International Life Sciences Institute (ILSI), an institution funded by food 
and agrochemical companies (see Then & Bauer-Panskus, 2010). Consequently, current EFSA practice 
is not in line with the requirements of the EU regulations: According to EU Regulation 1829/2003, the 
risk assessment has to be substantially different from an approach known as “substantial equivalence” 
that is applied in the US. This concept assumes that plants derived from conventional breeding can, in 
general, be regarded as substantially equivalent in comparison to genetically engineered plants, and only 
specific traits have to be taken into account for risk assessment.

Until 2003, the concept of substantial equivalence, which is not sufficiently based on science, was also 
applied in the EU (Regulation 258/97), but was abandoned with the adoption of Regulation 1829/2003. 
As stated in the Regulation 1829/2003, Recital 6: 

“Regulation (EC) No 258/97 also provides for a notification procedure for novel foods which are substan-
tially equivalent to existing foods. Whilst substantial equivalence is a key step in the procedure for assess-
ment of the safety of genetically modified foods, it is not a safety assessment in itself. (…) this notification 
procedure should be abandoned in respect of genetically modified foods.” 

But according to the experts who developed the comparative approach for EFSA, the concept of sub-
stantial equivalence remained unchanged (Kok & Kuiper, 2003): 

„Although the Principle of Substantial Equivalence has received comments from all types of stakeholders 
(producers, regulators, consumers, evaluators, etc.), the basic idea behind the principle remains untouched. 
When evaluating a new or GM crop variety, comparison with available data on the nearest comparator, 
as well as with similar varieties on the market, should form the initial part of the assessment procedure.”

Indeed, the comparison of data as described above, is not only the starting point of risk assessment as 
performed by EFSA, but is in most cases also the end point. It is mostly based on insufficient data, 
but still the authority fails to request any further more specific toxicological investigations. As a conse-
quence, EFSA is applying the ‘comparative approach’ as if the concept of ‘substantial equivalence’ were 
still be in place. In doing so, the authority is in conflict with the legal requirements of the EU. 
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Simplified “check-up”, no detailed examination

No monitoring of the effects on health after market authorisation 
is granted

Detailed examination of genetically engineered plant no longer
requested – it is regarded as equivalent to conventional breeding

EFSA opinion 
“not biologically relevant”

Comparison of plant characteristics and composition of
plant components between the genetically engineered

plant and its conventional counterpart  

Figure 6: Schematic overview of EFSA health risk assessment of genetically engineered plants,  
applying the so-called comparative approach.

 
In contrast, the EU Commission with its Implementation Regulation (503/2013) has substantially wid-
ened the remit of EFSA: For the first time, the request for 90-day feeding trials has become mandatory. 
However, the adequacy of such sub-chronic feeding trials that were developed for the testing of defined 
chemicals compounds is open to dispute. Furthermore, there can be no justification (as given in the 
Implementation Regulation) for exempting so-called stacked events, which can inherit very complex 
interactions emerging from the crossing of genetically engineered plants. But in regard to the overall 
authorisation process, these feeding trials as requested by the Commission do make a significant differ-
ence: It makes clear that – independently of the outcome of the first comparative step of risk assessment 
- further investigations are necessary. 
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11 

Necessity of feeding trials and the GRACE-Project 

The EU research project GRACE was conducted from 2012 up until 2015. One of the goals of the 
project was to provide more clarity as to whether 90-day feeding trials are needed for the risk as-
sessment of genetically engineered plants. The EU Commission will be making further decisions 
on standards of risk assessment according to the outcome of the project. 

Testbiotech followed the GRACE project very closely and found evidence that the project was 
heavily influenced by experts with close ties to the biotech industry Bauer-Panskus & Then, 2015). 
In fact, the GRACE project concluded that the mandatory feeding trials as requested for applica-
tions from the beginning of 2014, were not necessary. If the opinion of GRACE were to prevail, 
it would substantially lower the standards of risk assessment and the requirements for data to be 
provided by companies. Specific toxicological investigations of the genetically engineered plants 
would not be requested in most cases.

GRACE experts state that feeding trials are in general not suitable for investigating the health risks 
of genetically engineered plants. In this context, concerns were raised that it would be problematic 
if significant findings emerged with no clear biological relevance. 

At the same time, it was claimed that GRACE could provide more precise alternative methods.11 

However, it became very clear from the final presentations made by several GRACE experts that 
the alternative methods referred to have not yet been developed to the extent that they could 
replace animal feeding studies. They only make sense if performed in addition. This is especially 
true for the so-called Omics methods, which can be used to measure gene activity and metabolism 
in the plants.

Moreover, in-vitro methods using cell cultures for the assessment of genetically engineered plants 
are not yet fit for purpose. The relevant GRACE experts commented that a period of ten years 
would be needed to develop sufficiently advanced methods and protocols. The methods currently 
available might be quite helpful if they are used additionally, but they cannot replace animal feed-
ing trials at the present time (Bauer-Panskus & Then, 2015). 

In general, most potential health effects due to genetically engineered plants are much more diffi-
cult to investigate than those due to plants composed of defined chemical substances. The compo-
sition of these plants is not as clearly defined as specific chemical compounds, and the mechanisms 
that can cause negative health effects can be various, such as altered plant composition, effects of 
intended additional proteins or any unintended gene products. The negative effects might only 
be detected after some period of time and in combination with other compounds present in food 
and feed. Consequently, risk assessment should build on methods that allow the assessment of 
combinatorial effects present in whole food and feed.

11   http://www.grace-fp7.eu/sites/default/files/GRACE_Conclusions%20&Recommendations.pdf
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90-day feeding trials are so far the only method frequently used to assess the health risk of whole 
food and feed derived from genetically engineered plants. Further, feeding trials with whole feed 
are carried out with poultry; normally lasting for a period of 42 days. However, these trials are only 
meant to provide information on the nutritional quality of the feed, and cannot provide reliable 
information on health effects. This fact is also acknowledged by EFSA.

Currently, more than 50 genetically engineered events have been assessed and authorised for im-
port

into the EU. Many of those were never tested in a 90-day feeding trial. One example is the geneti-
cally engineered maize known as SmartStax, which produces six insecticides and is engineered to 
be resistant to two herbicides. The EU Commission issued market authorisation for this stacked 
event without requesting any feeding trials with whole food and feed to assess potential health 
effects. It should further be noted that the combinatorial effects of genetically engineered plants 
mixed into food and feed have likewise never been assessed.

There are further levels of complexity that will add to these problems in the near future: Market 
applications for so-called stacked events such as SmartStax are increasing. In addition, several 
applications have been filed for plants that are changed in their nutritional quality. The risk as-
sessment of these plants might prove to be much more complicated than for plants that were only 
made resistant to one herbicide. 

It has to assumed, that in general, 90-day feeding trials will in most cases not be sufficient to 
assess the health risks of genetically engineered plants. Long-term, combinatorial and accumula-
tive effects can only be assessed in feeding trials over the lifetime of the animals, including their 
offspring. 

GRACE experts as well as industry reject the trials for several reasons. Amongst others, they allege 
the proponents of feeding trials are responsible for thousands of animals being used in the stud-
ies. However, this allegation is not substantiated: Industry and EU political decision-makers have 
to ask themselves if the supposed positive effects of genetically engineered plants are sufficient to 
justify animal experiments. In the light of constant consumer rejection in the EU, the answer to 
this question is likely to be a resounding no. But if this question is answered with yes, they have 
to be prepared to adequately protect human and animal health as well as the environment. In this 
regard, there can be no compromise. 
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5. Residues from spraying with complementary herbicides

In 2015/ 2016, the EU Commission, experts from Members States and the EU Parliament held discus-
sions on the issue of market authorisation for genetically engineered soybeans produced by Bayer and 
Monsanto. These soybeans can be sprayed with glyphosate in combination with dicamba or isoxaflutole 
(MON87708 x MON89788 und FG72). Isoxaflutole is classified as probably carcinogenic (ref ), whilst 
glyphosate is suspected of being carcinogenic (IARC, 2015).

Residues from spraying with these complementary herbicides (i.e. the herbicides that the genetically 
engineered plants were made resistant to) are present in the harvest. Hence, the harvested soybeans that 
are imported into the EU will contain residues from herbicide formulations allowed in countries such 
as Argentina, Brazil or the US. They are applied in very high dosages in some regions, especially where 
there are problems with herbicide resistant weeds.12  The EU has though, as yet, failed to assess the spe-
cific formulations applied in these countries or any health risks associated with them. At the same time, 
it is well-known that the formulations can be much more toxic in comparison to an active ingredient 
in its isolated form. Moreover, the combination of the formulations can be much more toxic than each 
of them separately. Despite these well-known facts, the EU has still not requested an assessment of the 
residues from spraying. 

Indeed, there are major gaps in the current risk assessment of herbicide resistant plants imported into 
the EU. In 2015, EFSA published its opinion on the risks of the herbicide glyphosate, which it consid-
ers to be only low risk for human health (EFSA 2015a). However, the commercial formulations such 
as Roundup with glyphosate as the active ingredient, were considered to have a much higher degree of 
toxicity (EFSA 2015b). At the same time, according to EFSA, it is not possible to assess the health impact 
of the residues from these commercial formulations because no data are available. 

There is a similar problem with isoxaflutole: According to EFSA (2016), there are metabolites from this 
herbicide that have been found in the genetically engineered soybeans, none of which have ever been 
investigated in regard to health risks. 

These gaps in risk assessment prompted the EU Commission to take action. In a letter the Commis-
sion sent to the EFSA that was published in 2016,13   these deficiencies in current risk assessment were 
acknowledged for the very first time. And now the assessment of health risks due to residues in imported 
feed from spraying with herbicide formulations such as Roundup is requested.  

Over and above this circumstance, the risk assessment of genetically engineered plants needs to be com-
pletely revised in regard to the residues from spraying with the complementary herbicides. For example, 
it should also be taken into account that a permanent exposure to these residues can impact human 
and animal health through changes in the intestinal microbiome: The residues might lead to a change 
in the composition of the microorganisms, and thereby increase the probability of diseases. It is known 
that glyphosate can change the composition of soil microorganisms (see for example, EFSA, 2012). In 
addition, glyphosate acts as an antibiotic on some bacteria such as E. coli (Forlani et al., 1997; Carlisle & 
Trevors, 1988). Thus, it is not at all unlikely that the intestinal microbiome can be affected.  

12   www.testbiotech.org/node/926
13   www.testbiotech.org/node/1636
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Generally, the genetically engineered plants authorised for import into the EU already contain around 
a dozen different Bt toxins. These toxins originate from the soil bacteria Bacillus thuringiensis, which 
naturally produce around 200 insecticidal substances. The Bt toxins produced in the transgenic plants 
are, however, changed in their structure to enhance their toxicity. In addition, genetically engineered 
plants can be crossed to produce so-called stacked events. The stacked events that are then marketed not 
only contain a combination of toxins but have an overall higher concentration of the toxins (see below). 

The Bt toxins produced in the plants are considered to be mostly specific for targeted pest insects, and 
therefore safe for human and mammalian health in general. However, there is evidence that for several 
Bt toxins, the range of susceptible organisms is broader than assumed. Therefore, risks for human and 
animal health cannot be excluded a priori but need to be investigated empirically. In this context, there 
are some open questions that need to be considered: 

›› The detailed mode of action for most of the Bt toxins produced in genetically engineered plants 
is not known, and is different for each of the toxins. Further, there is a lack of relevant data and 
the existing data are partially contradictory (see Then, 2010; Hilbeck & Otto, 2016). As a result, 
the specificity of the toxins remains a matter of uncertainty. Also relevant in this context is – as 
mentioned – that the structure of the toxins produced in the plants is substantially changed. The 
Bt toxins produced in genetically engineered plants are not the same as natural Bt toxins and some 
do not even have a natural template. Consequently, there are substantial uncertainties regarding 
the safety assumed for health and the environment. 

›› There are some indications that Bt toxins can have negative effects in humans or, more generally, 
in mammals (Thomas and Ellar, 1983; Shimada et al., 2003; Huffmann et al. 2004; Ito et al. 2004; 
Mesnage et al.,  2012; Bondzio et al., 2013). These effects might be substantially enhanced by inter-
action with other stressors such as residues from spraying with herbicides (Then, 2010). Combina-
torial effects have already been described in some model organisms (Kramarz et al., 2007, Bohn et 
al., 2016). However, such interactions are not investigated in  the context of EFSA risk assessment. 

›› The toxicity of Bt toxins can vary. Even small changes in their structure can render a higher toxic-
ity (Pardo-López et al., 2009). However, even if the structure is deemed to be identical, toxicity 
can vary in dependency on the source as shown by Saeglitz et al. (2008). More detailed investiga-
tions are missing so far. 

›› There are further open questions about the true Bt content in the various parts of the plants, 
which can vary substantially in response to environmental conditions (Then & Lorch, 2008). But, 
as yet, evaluated methods to reliably determine the Bt content in the plants are largely missing 
(Székács et al., 2011). As investigations under defined stress conditions show, the Bt content in the 
plants can change unpredictably (Trtikova et al, 2015).

›› It is known that at least some of the Bt toxins produced by transgenic plants can impact the im-
mune system in mammals (see Rubio-Infante & Moreno-Fierros, 2015). In this context, it is a 
matter of special concern that Bt toxins are produced in some genetically engineered soybeans. 
Soybeans naturally produce a broad range of allergenic substances. Combinatorial effects may lead 
to an enhanced immune response to these allergens or cause new allergies (overview: Testbiotech 
2012). To some extent these issues are also relevant to maize, since some allergenic compounds 



22 | Risk assessment of genetically engineered plants used for food and feed Risk assessment of genetically engineered plants used for food and feed  | 23 

7. Change in nutritional quality      

have been described for maize plants. Furthermore, this adjuvant effect may also be relevant to 
other compounds that are mixed in food and feed along with the Bt producing plants. Contrary 
to claims made previously, after ingestion the Bt toxins are not rapidly degraded but can persist 
throughout the intestine in relatively large quantities (Chowdhury et al., 2003; Walsh et al. 2011). 
Consequently, there is sufficient time for the Bt toxins to interact with all kinds of compounds 
from the food plants to trigger or enhance immune responses. 

Trigger response in the immune system 

Exact mode of action not known

No sufficiently reliable methods
   to measure the concentration
     of toxins in the plants

Interaction with other substances 
can increase toxicity

  Negative effects on non-target organisms –
selectivity unclear

Bt toxins

Figure 7: Overview of some problems in regard to the risk assessment of Bt toxins 
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Already several genetically engineered soybeans that have been changed in their nutritional quality have 
been authorised for import into the EU. For example, the composition of oil is altered in genetically 
engineered soybeans produced by Monsanto and DuPont/Pioneer.

The mechanisms established in the plants are various: 

›› Additional DNA is inserted with the intention of producing new fatty acids that do not naturally 
occur in soybeans. 

›› Gene activity is reduced in a way that the level of some fatty acids is substantially reduced. These 
plants are altered by using the mechanisms of RNA interference (RNAi, see below). 

Genetically engineered soybeans are engineered to enhance the level of Omega-3-fatty acids in food and 
feed. However, it is controversial as to whether the higher levels of these fatty acids have a health value. 
They are actually suspected of promoting some specific forms of cancer (GeneWatch UK & TestBio-
tech, 2015). But despite all these concerns, EFSA has not requested any investigation into the real health 
impact of these soybeans. 

In some cases feeding trials were performed, but the rats were fed with defatted soybeans. This meant 
that the data were inconclusive for the assessment of the effects on health of soybeans with altered oil 
composition (see table). Feeding studies to assess carcinogenicity were not performed. 

In short, EFSA has not as yet issued any specific guidance to assess the health risks of plants that are 
changed in their nutritional quality, despite its own dossiers making this recommendation (EFSA, 2011).

 
Table 2: Overview of feeding trials performed with genetically engineered soybeans that are changed in their oil qual-
ity, as assessed by EFSA

Event Year
Com-
pany Species Traits

Feeding 
trials for  
90 days Comment

MON87705 
x MON89788

2015 Monsanto Soybean Resistance to 
glyphosate / 
changed oil compo-
sition

(Yes) The soybeans were defatted – 
the changed oil composition 
was not part of the trials 

MON 87769 2014 Monsanto Soybean Changed oil com-
position

(Yes) The soybeans were defatted, 
the changed oil was tested 
separately.

MON87705 2012 Monsanto Soybean Changed oil com-
position

(Yes) The soybeans were defatted – 
the changed oil composition 
was not part of the trials 

DP305423 2014 DuPont/ 
Pioneer

Soybean Resistance to ALS- 
inhibitors / changed 
oil composition 

(Yes) Plants were not treated with 
herbicides.
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Biologically active compounds collectively known as small RNAs (miRNA, siRNA) are of increasing inter-
est for researchers. Small RNAs are decisive for gene regulation in plants, animals, humans and microorgan-
isms. Some of the known mechanisms are based on so-called gene silencing by adding blocking transcription 
of DNA (by methylation) or by the degrading of messenger substances (mRNA) needed for the production 
of proteins. These and other mechanisms are also collectively known as RNA interference (RNAi). 

It is known that plants in particular have a large variation of small RNAs enabling them to react to 
changing environmental conditions (Borges & Martienssen, 2015). In addition, funghi, bacteria and 
other microorganisms such as those which are part of the intestinal microbiome produce a great diver-
sity of small RNAs (Beatty et al., 2014). 

Many small RNAs are stable in a way that they can persist outside the cells, for example, in the blood-
stream. Many experts assume that there are specific mechanisms that support the uptake of small RNAs 
from the environment (or the intestine). For example, they can be packed in vesicles and thereby trans-
ferred to other cells. This might be one reason why miRNA produced by intestinal microorganisms can 
be found in the blood and organs of humans and animals (Wang, et al. 2012; Beatty 2014). 

Small RNAs also play a role in the context of genetically engineered plants: For example, RNAI is used 
to reduce the production of specific fatty acids in soybeans and thereby to change their oil composition 
(see above). Furthermore, the plants are genetically engineered to produce small RNAs that act like an 
insecticidal toxin: If pest insects feed on the plant, they will take up additional miRNA, this will then 
interfere with the gene regulation of the insects in a way that will kill them (see for example Zotti & 
Smagghe, 2015). As yet, these plants are not allowed in the EU. 

In 2012, it was reported for the first time that miRNA produced by plants can enter the blood of mam-
mals (including humans) at the stage of consumption (Zhang et al, 2012). These findings were called 
into question by several experts.14  However, looking at more recent publications, one has to assume that 
plant miRNA can indeed enter the blood, organs and urine of mammals after ingestion (Yang et al., 
2015; Liang et al., 2015; Hirschi et al, 2015). At the same time, the amount being taken up and the factors 
influencing biological impact need further research. This uptake of small RNAs via ingestion, but also 
via the lungs is relevant for risk assessment because many small RNAs have a structure that can univer-
sally interact with the gene regulation of plants, animals, humans and microorganisms. 

There is evidence that small RNAs taken up from the intestine do indeed interfere with gene regulation 
in humans and animals. For example, it was found that miRNA transferred via milk shows biological 
activity (Baier et al., 2014). Small RNAs produced by plants are able to interfere with the immune system 
in humans and animals (Zhou et al., 2015; Cavalieri et al., 2015). 

Further, one has to assume small RNAs from the plants can also interfere with the microbiome during 
ingestion, and can thereby change the composition of the intestinal flora. In consequence this would 
change  also the composition of the small RNAs that are taken up from the intestine and entering the 
blood stream and organs. Very generally, it has to be assumed that the genetic engineering of plants 
always causes a change in the composition of their small RNAs. And the real impact on human and 
animal health remains unknown. The biological relevance of these changes might be different from case 
to case. But, so far, EFSA has not requested any data in this context. 

14   	 See for example FIFRA Expertenpanel des US EPA, 2014:  
https://www.epa.gov/sites/production/files/2015-06/documents/012814minutes.pdf
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Combinatorial and accumulative effects can lead to substantial risks for humans, animals and the en-
vironment. Such effects can be antagonistic, additive or synergistic. As to the latter, the combinatorial 
effect is higher than the combined single effects. Combinatorial effects can result on occasion, some 
are predictable resulting from the:

1.	 Combination of traits in stacked events 

2.	 Mixtures of genetically engineered plants in food and feed 

3.	 Interaction with other components within the food chain such as allergens or toxins.

 
While the overall impact of all combinatorial effects within the food chain is hard to examine, stacked 
events with a specific combination of traits such as insecticidal toxins and herbicide resistance are well-
suited to detailed examinations. Mixtures of genetically engineered plants  authorised for food and feed 
can also be assessed. However, current EFSA practice does take into account not request such investiga-
tions, despite EU Directive 2001/18 requesting the assessment of accumulative effects. 

Several flaws in current regulation have been observed in the case of the genetically engineered maize 
known as SmartStax. It was authorised for import into the EU for usage in food and feed without any 
examination of health risks in a single feeding study (see also Testbiotech, 2014): 

›› SmartStax is a joint Monsanto and Dow AgroSciences product; it is a genetically engineered maize 
currently grown in the US, that produces six insecticidal proteins (Bt toxins) from different sub-
species of Bacillus thuringiensis and has been engineered to be resistant to two herbicides (glypho-
sate and glufosinate). One of the insecticidal proteins (Cry1A.105) is derived from synthetic DNA 
that does not have a natural variant. In addition, the combination of these toxins does not occur 
naturally. Some uncertainties in regard to effects on health did emerge in feeding studies performed 
with the individual parental plants. Nevertheless, EFSA did not request a feeding study with the 
stacked maize to investigate health risks resulting from combinatorial effects. SmartStax has a much 
higher Bt content than any other genetically engineered plant to date, precipitating a higher likeli-
hood of there being an impact on the immune systems in humans and animals. These health risks 
were left aside by EFSA. 

›› In addition, SmartStax has been engineered to be resistant to the herbicides glyphosate and glufosi-
nate. Consequently, we have to assume there will be a mixture of insecticidal toxins in combination 
with residues from spraying. None of these were investigated. 
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Figure 8: SmartStax, produced by Monsanto and Dow AgroSciences. This maize is a combination of four genetically 
engineered events (MON88017, MON89034, 59122, 1507). It produces six insecticidal toxins (Cry toxin is derived 
from several strains of Bacillus thuringiensis, one of which, Cry1A105, is synthetically manufactured) and is tolerant to 
two herbicides (glufosinate through the PAT enzyme and glyphosate through the EPSPS enzyme). 

More generally, EFSA is failing to examine the long-term effects of the consumption of genetically engi-
neered plants and the combinatorial effects of mixtures of genetically engineered plants: 

›› No feeding trials are requested over the lifetime of the animals, including their offspring. 

›› There have been absolutely no investigations into the accumulated effects resulting from mixtures 
of several genetically engineered plants being used in food and feed.
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Within the bounds of the current state of knowledge, the EU project GRACE was unable to find suf-
ficiently reliable and robust methods that could replace animal feeding studies. Furthermore, the EU 
project MARLON did not succeed in identifying methods for monitoring the effects on human and 
animal health from the consumption of genetically engineered plants (ref ). In the light of these findings, 
and in awareness of substantial deficiencies in current EFSA risk assessment, there is an urgent need to 
raise the standards of risk assessment for genetically engineered plants before they are granted market 
authorisation. We recommend the following measures: 

First steps in risk assessment:

›› The requirements for data that has to be provided for the first steps of risk assessment (which is 
the comparison between the genetically engineered events and mostly isogenic lines) must be 
broadened to include more detailed methods and data on further substances (such as small RNAs) 
and plant characteristics. 

›› Priority must be given to the functional stability of the additional DNA and its interaction with 
the environment. All events should be exposed to a broad range of defined stress conditions.  
Data on metabolomics should also be provided. 

›› Data must be provided for all parts of the plants and represent several stages of vegetation.

›› Stacked events must be examined at least as carefully as the single plants. In field trials, the  
parental plants must be included as comparators. 

›› The genetically engineered varieties, which are actually used for cultivation also need to be  
assessed. Data stemming from these varieties could also be part of post-market monitoring.

›› Where there is some doubt, only data stemming from the comparison of the comparators  
(isogenic lines and parental plants) can be relied on for making a decision on market authorisation. 

›› There must be a requirement to provide reliable methods allowing independent scientists to deter-
mine the expression of all newly produced substances in the plants such as enzymes or Bt toxins. 
The variations in the expression of the substances must be examined under defined stress conditions. 

›› If no new substances are produced in the plants, but the plants natural composition is changed 
by, for example, RNAi, the changes in the concentration also have to be examined under defined 
stress conditions.

Second stage of risk assessment:

›› Independently of the outcome of the first stage of risk assessment, further investigations must be 
performed to assess the impact of the consumption of the whole food and feed on human and 
animal health. These investigations should also include potential impacts on the immune system 
and reproduction. 

›› Long-term effects have to be given priority. To assess these effects, feeding trials must take into 
account the whole lifetime of the animals, including their offspring.

›› Data generated from feeding trials should include metabolomic data of the animals. 



28 | Risk assessment of genetically engineered plants used for food and feed Risk assessment of genetically engineered plants used for food and feed  | 29 

10. Conclusions and recommendations       

›› The potential impacts on the microbiome of humans and animals must be added in at this stage. 

›› Accumulated effects, which, for example, can result from mixing genetically engineered plants in 
food and feed have to be assessed in detail. 

›› Residues from spraying with complementary herbicides have to be assessed in detail. Not only the 
active ingredients, but also the formulations of the herbicides used for their cultivation have to 
be taken into account, in addition to the combinatorial effects if more than one complementary 
herbicide can be applied. 

›› The toxicity of each of the Bt toxins produced in the plants must be assessed in detail,  focussing, 
in particular, on the combinatorial effects with other substances (especially with stress factors) 
and the impact on the immune system. Simple assumptions derived from the mode of action of 
naturally occurring Bt toxins are not sufficient.

›› Special attention has to be given to the empirical investigation of combinatorial effects emerging 
in stacked events. 

Further recommendations :

›› For each step of the risk assessment, independent control is absolutely essential during data gen-
eration. 

›› Cut-off criteria such as a prohibition of market authorisation for genetically engineered organisms 
able to spread into native populations, have to be established.  

›› If new relevant methods for data generation or data assessment become available or new risk-
related questions do emerge, these must be included within a short period of time. In this case, the 
events that have already been granted authorisation will have be to be re-assessed without delay. 

›› Specific guidance needs to be established for genetically engineered plants that are changed in 
their nutritional composition, in particular, taking into account the long-term effects from con-
sumption. 

›› Any  decision on market authorisation must prioritise the precautionary principle, and reflect  the 
limits of current knowledge and resulting uncertainties. 
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