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Abstract

This review, which has been prepared within the frame of the European Union (EU)-
funded project MARLON, surveys the organisation and characteristics of specific livestock
and feed production chains (conventional, organic, GM-free) within the EU, with an
emphasis on controls, regulations, traceability, and common production practices.
Furthermore, an overview of the origin of animal feed used in the EU as well as an
examination of the use of genetically modified organisms (GMOs) in feed is provided. From
the data, it shows that livestock is traceable at the herd or individual level, depending on
the species. Husbandry practices can vary widely according to geography and animal
species, whilst controls and checks are in place for notifiable diseases and general health
symptoms (such as mortality, disease, productive performance). For feeds, it would be
possible only to make coarse estimates, at best, for the amount of GM feed ingredients that
an animal is exposed to. Labeling requirements are apparently correctly followed.
Provided that confounding factors are taken into account, practices such as organic
agriculture that explicitly involve the use of non-GM feeds could be used for comparison to

those involving the use of GM feed.
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Research highlights:

¢ EUregulations enable tracing of livestock in production chains focusing on animal
identification and infectious diseases.

¢ Structures of different livestock sectors vary within the EU, but production
practices are similar for large-scale producers.

¢ Itis not possible to trace all feed in the EU back to the farm of origin, to quantify
the distribution and proportion of GMOs.

¢ Available data indicate the majority of GM feed materials are correctly labelled.

e Organic systems and other certified GMO-free-feed employing practices prohibit
the use of GM feed, providing a possibility to examine production chains without

the use of GMOs.



1. INTRODUCTION

Since their large-scale commercial introduction in the mid-90s, the cultivation of
genetically modified (GM) crops, particularly commodity crops such as soybean, maize,
cotton and oilseed rape, have rapidly gained adoption. In 2016, the acreage of these crops
planted by farmers worldwide amounted to 185 million hectares, most of which was
situated in countries in North and South America, Asia, and Africa, and in Australia. The
cultivation of such crops within the European Union (EU) is relatively limited, comprising
insect-resistant maize grown particularly in Spain, Portugal, Czech Republic, and Slovak
Republic (James, 2016). Notwithstanding this, livestock feeds in the EU may still consist,
contain or be produced from GM crops given the considerable imports from non-EU
countries.

Before GM crops are allowed to be commercialized as food or feed, they have to undergo
regulatory approval in many countries. As part of the regulatory approval procedure, a
safety assessment has to be carried out according to the internationally harmonized
principles developed under the auspices of the FAO/WHO Codex Alimentarius
Commission (Codex alimentarius, 2008). According to these principles, the characteristics
of GM crops are compared to those of a conventional counterpart with a history of safe
use, including molecular, phenotypic, agronomic, and compositional data. Any differences
identified then need to be assessed for their relevance to safety and whether further data
are needed to reach a conclusion on the safety of the specific GM crop. Expanding on Codex
principles, the approach followed by EU risk assessors are laid down in a detailed
guidance developed by the European Food Safety Authority’s panel of experts on
genetically modified organisms (EFSA GMO Panel) and incorporated into EU legislation
(EFSA, 2011; EU, 2013b). Under these rules and guidance, it is foreseen that situations
may arise in which post-market monitoring may be part of the requirements for market

admission, such as to verify pre-market assumptions.



In order to be prepared for possible post-market monitoring requirements for potential
health impacts of future GM feed crops, the European Commission’s Seventh Framework
Program (FP7) for Research and Technology Development funded the MARLON project
with the aim of developing generically applicable tools that could assist applicants in
designing and performing post-market monitoring programs (MARLON, 2015). The aim of
this review is, as part of the MARLON project, to report the outcomes of a survey of
selected livestock and feed production chains. This survey was envisaged to foster insight
into the processes on national as well international levels. In this context, the organization
of these production chains, the possibility to detect and trace GM feed, and to measure
exposure and detect potential health impacts of GM feeds has been reviewed. With this
information, researchers within and beyond the project will be able to attune the
development of monitoring tools to the particular features of these feed and livestock

production chains.



2. LIVESTOCK SECTOR STRUCTURE AND THE POSSIBILITY TO

VERIFY ANIMAL HEALTH AND MOVEMENT THROUGHOUT THE

PRODUCTION CHAIN

Livestock production straddles a wide range of production animal species, whilst the ones
explored in this review specifically include dairy and beef cattle, fish, pig, and meat- and
egg-producing poultry. Existing controls, inspections and traceability regimes within the
EU were explored to verify if they could provide useful data on GM feed consumption and
livestock health for the purpose of monitoring. This included in particular the various
kinds of health checks that are already in place along the production chain and which
might be amenable to incorporation into a monitoring scheme for potential impacts of
animal feed on livestock health. Moreover, it would be important to know if the past of an
individual or group of animals can be traced back if diverging health symptoms become
apparent. The EU has established basic identification requirements to be followed by the
member states to ensure traceability of livestock from birth to slaughter, whilst
regulations vary according to the species. Through the web-based Trade Control and
Expert System (TRACES) (EC, 2017a), a centralised database run by the European
Commission’s (EC) Directorate-General for Health and Consumer Protection, TRACES
certifies and monitors the trade of animals and animal products. It enables tracking of the
movement of animals and products of animal origin from both outside and within the EU
and links border inspection posts, allowing for exchange of data, including veterinary
related information, between national and community authorities.

For individuals or businesses involved in the trade of animals or animal products within
the EU, it is required to register themselves. With regard to transport of livestock animals
to, from and within the EU, a register is to be kept with details on the starting date, route,
and duration of transport, the animals’ supplier and receiver, and disinfection of the

vehicles used. Also in this case, records have to be stored for at least three years.



For veterinary products being traded with non-EU counterparts, there are approximately
300 approved border inspection posts in the EU for veterinary and zootechnical checks,
which are officially listed (EU, 2009d). Within the EU, slaughterhouse controls cover both
ante and post-mortem inspection of food producing animals. In most cases, an official
veterinarian has to be present during both inspections. Pigs and poultry can also be
inspected before they are put on transport to the slaughterhouse. Special attention is to be
given to detection of notifiable diseases, which have to be reported and properly
documented. In the case of certain diseases (e.g, transmissible spongiform
encephalopathies), mandatory testing is carried out during post-mortem examination. The
on-farm inspection before transport will also include examination by the official
veterinarian of the animals for general signs of disease as well as use of prohibited

substances.

2.1. Poultry meat production: Broilers

Broilers are generally housed intensively in large groups in either environmentally
controlled housing or naturally ventilated poultry houses. They are kept loose on litter
(e.g., wood shavings, spelt pellets, maize silage), and provided with feed and water via
automated systems. Some indoor systems provide outdoor access via runs, small yards
and a small percentage of holdings involve completely outdoor systems.

The production of poultry meat involves organised production chains divided into distinct
stages and two main models: horizontal and vertical integration. In the horizontal
integration model, independent companies are involved in different stages of the chain.
For example, breeders, hatcheries, fattening farms, feed mill, and processing plants are run
separately. In the vertical integration model, all stages of the production chain (e.g.
breeding, rearing, hatching, growing, and slaughter) are under the control of one company
or integrator. Belgium and the Netherlands have mostly horizontal integration, France,

[taly, and Spain, vertical integration, and Germany, both (Van Horne, 2007).



Broiler chicks come from specialised hatcheries, most of which also house parent lines.
Eggs are kept in incubators and chicks hatch after approximately 21 days, at which stage
they are usually transported to breeding or rearing farms for the second stage of fattening,
which may involve different housing densities as well as slaughter ages and weights (Berk,
2008).

Broiler feed, which is mostly in the form of pellets, is compounded from cereals such as
wheat and maize and protein rich ingredients such as oilseed meals, pulses, and soya. Fats
or oils are added as additional sources of energy and diets are routinely supplemented
with a range of additives including amino acids, minerals, vitamins, and medications (e.g.,
coccidiostats). Nutritional content and rations vary depending on production stage and
method. (Berk, 2008; EC, 2000).

Broilers are commonly inspected by a veterinarian two to three times during the fattening
period. Inspection includes examination of production records, assessment of mortality
rates, assessment of feed quality, and sampling for pathogens if health and performance
problems have been found or are suspected.

For poultry farming, all holdings in the EU with greater than 500 chickens kept for meat
production are required to maintain documentation for a period of at least three years
(EU, 2007a). This documentation encompasses a range of details on the husbandry of
these chicken flocks such as breed, numbers of animals introduced, incidence and
suspected cause of mortality, and numbers dispatched for sale or slaughter.

At the poultry slaughterhouse, ante-mortem inspection includes checks for proper
documentation, external signs of disease, and mortality rate during transportation. The
number of carcasses discarded or condemned during slaughter is also noted and recorded

in slaughterhouse registers.

2.2. Poultry egg production: Laying hens



The proportion of laying hens in different housing systems (i.e., cage, barn, free range,
organic) varies by country. In France, Italy, and Spain, the majority of laying hens are kept
in cages while in Germany and the Netherlands, the majority of laying hens are kept in
barns. The UK is an exception, with half of the hens being kept as free-range (CIWF, 2013).
The egg production cycle can be divided into two main phases: rearing and laying. Rearing
is the stage in which chicks are housed immediately after hatching and before they start to
lay eggs. Around 16 to 20 weeks of age, they are transferred to the laying system which
can involve cage, barn, or outdoor free-range systems. Hens are kept in these systems until
about 72 to 74 weeks of age, when they will have laid approximately 300 eggs. After this
time, production decreases and hens are typically sent for slaughter. Poultry are typically
offered compound feed consisting of a variety of different ingredients. Ingredients in
compound feed can be divided into those that provide energy (e.g., maize grains, maize
and wheat milling by-products, molasses, vegetable fats), protein/amino acids (eg.,
oilseed meals, fish meal, alfalfa meal) and minerals such as calcium and phosphorus
(Chiba, 2014).

General health management strategies for laying hens involve optimisation of husbandry
conditions, biosecurity, health monitoring, and prevention of disease and parasites. Daily
monitoring of poultry is a key element and includes daily checks of the flock for signs of
disease and parasites, as well as sampling of droppings, for example, for the detection of
pathogens, such as Salmonella, under national control programs (EU, 2003c; EU, 2011a).

In the EU, laying hens are identified and traced at the production-lot level rather than at
the individual level. A unique code is assigned to each holding, whilst a similar procedure
is applied to eggs, which enables tracing back to the farm where they were produced (EU,

2002b).

2.3. Pork production: Swine



The structure and geographic distribution of pig production throughout the EU is
complicated to summarise due to the large variation in the type and size of farms (e.g.,
small vs. large breeder, fattener, and/or mixed farms) as well as production focus of farm
(e.g., breeders, fatteners, mixed). Overall, pig production is concentrated mainly in
Denmark, Germany, France, the Netherlands, Poland, and Spain, which have more than
two-thirds of breeding pigs. When considering three categories of pigs, piglets, breeding
sows, and growing-finishing pigs, 1.7% of pig farms have at least 400 growing-finishing
pigs; these farms are concentrated in 12 member states. It is important to note that this
low percentage is influenced by the large number of farms in the EU (73%) that rear pigs
in units of less than 10 pigs, particularly in Romania, Croatia, Slovenia, Lithuania, and
Bulgaria. There is also a substantial intra-EU trade of pigs, involving, for example, almost
18 million animals of less than 50 kg traded in 2011 with Germany as the principal
importer of young pigs and Denmark the leading exporter.

Husbandry practices vary according to the stage and purpose of production. The majority
of pigs are produced in intensive production systems that house animals in enclosed
buildings, while extensive, outdoor farming is typically in organic systems or for holdings
raising pigs for their own consumption. On small farms, breeding is usually carried out
within the herd and breeding animals are kept or purchased for natural service. Larger,
more intensive farms typically practice artificial insemination and take part in breeding
schemes (EC, 2014).

Pig holdings can include fattening farms, farms that produce breeding pigs or piglets only,
and farms that involve both piglet production and fattening. The production cycle can be
broadly divided into two main categories: farrowing and rearing. After weaning, piglets
are either reared to be breeding animals or for meat production. For meat production,
production can be divided into two phases, i.e. the growing and finishing phases. For the
growing phase, piglets are moved directly after weaning to a “nursery”. Six to ten weeks

post weaning, they are usually moved again for the fattening period, which lasts for
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approximately 5 months. At a weight of 100 to 120 kg (6 to 8 months of age), they are sent
for slaughter (Agrar-Lexikon, 2013).

Pigs are typically fed mixed rations based upon the stage and purpose of production.
Important dietary components include carbohydrates, fibre, and protein. Within Germany,
soybean and rapeseed are the most commonly used protein sources (Bavarian State
Research Center for Agriculture, 2013).

Standard health practices include the use of the “all-in, all-out” production system, strict
disinfection protocols, routine parasite control through use of deworming agents, and
prophylactic vaccination. The EU has established regulations for member states regarding
the control and monitoring of Salmonella in pigs (EU, 2003c; EU, 2014). At the member
state and individual far level, routine veterinary visits and inspections are carried out and
records must be kept of treatments carried out (e.g., animals treated, date of treatment,
medicines used) as well as mortality data.

Under EU law (EU, 2008a), pigs traded or moved across borders within the EU must be
identified and registered. This entails the use of an ear tag or tattoo, the keeping of a
register for at least three years with information on the herd at the holding, and
registration by a national computer database (EU, 2000). Pigs imported from a third
country to be slaughtered in the EU, however, are not required to be identified by a mark if
they pass veterinary checks established for animals coming from third countries and if
they are slaughtered within 30 days of having passed the veterinary checks (Europa,

2016).

2.4. Bovine milk production: Dairy cattle
Significant variation in dairy cattle husbandry practices exists among member states.
Housing systems (e.g., cubicle, tie-stall systems, straw yard systems, and pasture systems)

can vary depending on climate, geography, resources, as well as traditions. Additionally,
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some farms have outdoor grazing only whereas others house cows completely indoors for
the entire year or for part of the year.

A typical dairy cow is first bred at an average age of 15-18 months, delivering her first calf
at 24 to 27 months and kept in the herd for two to four lactations on average, or until
about five to six years of age. Artificial insemination is widely used though practices vary
between only artificial insemination and only natural service, and sometimes both.
Production and collection of milk is initiated by birth of a calf, and therefore cows are bred
regularly, with the aim of producing a calf every 12 to 13 months. Lactation typically lasts
11 to 13 months and spans the period from calving until approximately 60 days before the
next calving. To maintain yearly calving, cows are bred around 60 days after calving.
During lactation, cows are usually milked twice a day. On large farms with highly
automated systems, cows may be milked up to three times daily. Average daily milk yields
range between 20 to 30 kg per cow per day and 7,000 to 8,000 kg per cow per year. At the
end of a lactation cycle, cows require a dry period of six to eight weeks when milk
production is completely halted before the birth of a new calf.

Newly born dairy calves are usually separated from their mothers immediately after
calving, moved to individual stalls, and provided colostrum through hand-held bottles up
until the end of the first week of life. Female calves are typically reared on farm as
replacements and, after the first week of life, given milk or milk replacer until weaning at
approximately 6 to 8 weeks of age. During this time, feed is also provided in the form of
grain or forage to promote development of the rumen. After weaning, calves are moved to
group housing, where they are kept until a few months before calving at 24 to 32 months
of age. At this time, they are introduced to the dairy herd.

Feeding systems are dependent largely on how cattle are kept as well as on feed
availability and geography. For example, cows that are predominantly housed indoors are

fed forages (hay and silage) and mixed rations, including concentrates; animals kept
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completely at pasture are usually provided with feed supplements, concentrates in
particular.

As regards animal feeds, concentrates usually make up part of the cattle feed rations.
Protein sources, such as soy, are largely imported, e.g., from Latin American countries. The
majority of maize is locally produced and the remaining part is imported, principally from
other EU member states, whilst oats and wheat by-products may be also mainly produced
nationally. Besides concentrates used to feed bovines, crops used as forage for feeding are
usually grown locally, including alfalfa, maize, rye grass, clover, vetch, and straw. On farms
in which animals do not have regular access to pasture, diets commonly consist of a total
mixed ration based on silage or hay and concentrates. This contrasts with farms following
an extensive system, which base the forage portion of the diet on available pasture and
supplement with concentrates at milking time.

Standard health practices in dairy cattle management include reproductive health
management, udder health management through the institution of milk hygiene practices,
foot health management, parasite control and preventive vaccination. In Spain, for
example farmers do not generally have a detailed management plan and reproductive
controls are usually carried out by a veterinarian one to two times monthly (Salcedo Diaz,
2004). There is no EU legislation requiring mandatory testing of live cattle for infectious
disease. However, some member states (e.g., Spain, United Kingdom) require mandatory
testing and control measures for tuberculosis, brucellosis and other important bovine
diseases as they are not officially declared free of these diseases (EU, 1964).

For cattle, the identification and registration of bovine animals under EU legislation
includes the use of ear tags with individual registration numbers for each individual
animal in addition to records being kept at the farm, data entered in a national database
system and the use of a cattle passport (EU, 2004b). Starting July 2019, animals may also
be tagged electronically, such as via application of an electronic ear tag, ingestion of a

ruminal bolus, or injection of a transponder to a young bovine. Animals imported from
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another EU member state keep the ear tags from their country of origin, whilst animals
imported from a third country must have new ear tags placed and a new passport issued.
It is not necessary to retag foreign animals that go to a slaughterhouse located within the

country of import within 20 days of arrival (EC, 2017b).

2.5. Bovine meat production: Beef cattle

The beef production system is divided into two main sectors, ie. the production and
fattening of the calves. Whilst these two sectors are integrated in most European
countries,, with farmers raising calves on their own farm, they are separate in others such
as Spain, where they are located in different areas of the country.

Calves are typically raised with their mother until they reach 200 to 250 kg. After this, they
are transferred to a fattening farm where they are fed concentrate and straw until they
reach 400 to 580 kg body weight. Final slaughter weight is dependent on the breed, sex,
and consumption purpose.

Practices of feeding and health management are similar to those outlined for dairy cattle
in Section 2.4. Veterinary inspections are typically carried out by local veterinary
authorities at all stages of production including on-farm and at the slaughterhouse,
including sanitary conditions, animal welfare, control of infectious diseases, monitoring
for bovine tuberculosis, bovine brucellosis and enzootic bovine leucosis, ante-mortem
examination, and post-mortem testing for bovine spongiform encephalopathy (for animals
over a certain age) (e.g. EU, 1964; EU, 2001b).

For beef cattle in EU member states, traceability and documentation requirements apply,

similar to those for dairy cattle as described in Section 2.4 (EU, 2004b).

2.6. Cultured fish
For fish production through aquaculture, a number of different production systems exist

(extensive, semi-intensive, or intensive) and production can take place in natural settings,
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tanks, fresh water and/or seawater (EC, 2012a). In addition, some producers are involved
in the full production cycle whereas other specialise in a specific stage of development
such as breeding or fattening.

Diets for fish feeding are predominantly industry-manufactured and come in the form of
granules or pellets, for which the specific contents of ingredients are based on the species
and nutritional requirements for the different production stages. As many farmed fish
species are carnivorous, high protein content is required for diets. Fishmeal and fish oil
are commonly used in feeds as the principal protein and energy source and are mainly
obtained from wild catches. In addition, shrimp, ground nut, maize, soya, and rice flour can
also be used to provide protein. These protein sources are combined with other
ingredients such as vegetable proteins, cereals, vitamins, and minerals.

Fish feed can be either complete or supplemental. Complete feeds supply all ingredients
needed for growth and maintenance and are provided in intensive systems that involve
high stocking densities. Supplemental feeds are provided to support natural food (insects,
algae, plankton) available in ponds or water sources and help fortify the diet with extra
protein, carbohydrate, and/or lipids. Feeding frequency and amounts are species and
production stage dependent. In general, larvae and small fish require high protein levels
and frequent feeding. As fish grow, rate of feeding as well as protein levels generally can
be decreased. With regard to aquaculture of seafood-producing species such as finfish and
molluscs, the EU has traceability requirements in place for farmed fish (EU, 2006). This is
also done with a view on prevention of the spread of infectious diseases among farms.
Business operators are thus required to keep records of all movements of animals in and
out of the farm or mussel-growing area, whilst also keeping records of disease or mortality
incidences within the same epidemiological unit. Record-keeping requirements are also
imposed on processors and transporters, whilst Member state authorities shall ensure

that processors keep records of animals and products entering and leaving their
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compounds, and that transporters document establishments visited, mortalities that
occurred during transport and any exchange of water that took place en-route.

For health inspection and controls of farmed fish species, EU legislation stipulates that
each member state should put in place a risk-based health surveillance scheme, including
provisions for the issuance of health certificates and movements between areas of a given
health status (EU, 2006). High-, medium-, and low-risk farms are distinguished, taking into
account the risk of spread, farming conditions, and the sales of live aquatic species. Also
distinguished are active and targeted surveillance, the first differing from the latter in e.g.
on-farm examination of the animal population and diagnostic samples to be taken on

suspicion of a disease instead of a prescribed sample (EU, 2006).

2.7. Conclusions

Within the various production systems for different livestock species (bovine, porcine,
avian, piscine), animals are traceable, either at the individual level (bovine, porcine) or at
the herd level (avian, piscine), in line with the requirements set out in EU legislation. This
is likely to have its implications for the statistical power of the monitoring schemes,
namely whether the statistical unit is a group or an individual, hence also the possibility to
discern diverging trends in health data from the baseline. Notwithstanding all biological
differences between the livestock species it appears that particularly greater holdings do

have similar practices with regard to documentation and health management.
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3. FEED PRODUCTION CHAIN CHARACTERISTICS AND THE

POSSIBILITY TO DETERMINE THE PRESENCE OF SPECIFIC

INGREDIENTS IN LIVESTOCK FEED

Whilst the previous section explored the possibility to monitor for livestock health and the
traceability of individual or groups of animals, the question arises if the animals’ exposure
to feed ingredients derived from a specific GM product can also be determined. This would
then ideally allow for the establishment of cause-effect relationships if, for example,
animal health data showed trends diverging from the baseline during post-market
monitoring. This also raises questions regarding the traceability of such specific
ingredients as well as to the availability of data on their presence from e.g. feed
inspections.

For animal feed production within the EU, regulations regarding labelling, tracing, and
feed controls are in place at the EU level and transposed into national legislation by its
member states. An overview of the composition and origin of animal feed in the EU is
given and a specific example of the composition of diets for cattle, pigs, and poultry in the
Netherlands is provided. A description of maize production in Catalonia, Spain based on
interviews with farmers and producers is also provided to illustrate a working example of

feed production (specifically maize production) in an EU member state.

3.1. Labelling, traceability and inspections

The feed manufacturer who first brings a feed into circulation in the EU or under whose
name the feed is marketed is responsible for proper labelling. Besides the generally
applicable rules for the labelling and marketing of feed, including the declaration of the
feed materials present as ingredients and additives (e.g., cereal grains, forage, oil and

legume seeds, by-products), similar provisions also apply to, for example, the presence of
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GM ingredients and to the labelling of feeds as being organic (EU, 2003a; EU, 2007b; EU,
2009¢).

Under EU legislation, feed must be traceable from the source of production to the retailer
as per the requirements set out in the General Food Law [Regulation (EC) No 178/2002
(EU, 2002a)]. The responsibility for traceability lies with the feed companies, so that each
company must document where and from whom feed was received, the direct purchaser
of their products/goods, as well as information regarding storage and transport of goods.
Written records are required to be kept for five years and should include the address of
supplier, type, amount and batch of feed as well as production dates (EU, 2007b).

The European Rapid Alert System for Food and Feed (RASFF) supports a rapid and
coordinated exchange of information among feed control authorities when a risk in food
or feed is identified. If a member identifies a risk, it is notified to the European
Commission, which then transmits the information so that corrective action can be taken.
Unauthorised genetically modified organisms (GMOs) thus reported through RASFF, for
example, can be registered and searched for in the RASFF web portal (EC, 2017c).

With regard to feed inspection and controls for the purpose of EU feed law enforcement,
member states have to establish their own Multi-annual National Control Plan (MANCP) to
ensure compliance with legislation on feed, food, animal health and welfare, as well as
plant health. Member states have to report results yearly to the EC, as well as designate
competent authorities to perform the official controls. The competent authority may
delegate certain control tasks to non-governmental bodies, provided that these bodies
meet specified conditions outlined in legislation (EU, 2004a).

Controls can take place at any point before or after release for free circulation. Member
states must ensure that one or more national reference laboratories have been established
for feed controls, which are supported by Community Reference Laboratories established
at the EU level. Official controls, which are carried out by the competent authorities of the

individual states, take place at all stages of the animal feed production chain. This includes
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farms, feed mills, mixing plants, warehouses, border inspection points, manufacturers, and
retailers. Individual feed materials, feed additives, premixes, and compound feed can be
tested. Checks, which are carried out at random, have the main goal of ensuring
compliance with current legislation regarding undesirable and prohibited substances,
residues of veterinary drugs, and labelling of feed. They include verification of appropriate
documentation as well as collection of samples. From 2012 to 2016, guidelines for the
control of animal feed in Germany suggest that the distribution of controls in the feed
sector should be divided so that 50 to 60% of controls are carried out on feed
manufacturers, 25 to 35% on owners of animals, and 15 to 25% for trade (border entry
points, transporters, warehouses). However, it is ultimately up to the individual states
how they divide up controls (BMELV, 2012).

For feeds imported into the EU, a list of designated, authorised points of entry for different
feed types has been established and is maintained under harmonised EU rules on official
import controls for feed of both animal and non-animal origin from third countries (EU,
2004a; EU, 2009a). Feed must be registered with the appropriate authority no later than
one business day prior to the arrival of feed at the designated point of entry. All imports
are subject to documentary checks (eg, Common Entry Document) and a variable
percentage is subject to physical checks, including sampling and laboratory analysis.
Published yearly results for border control checks are available on the European
Commission’s website.

In conclusion, EU legislation has enabled the establishment of tightly controlled feed
production chains in which both producers themselves as well as national member state
authorities are responsible for checking the quality and safety of feed products in general,
including the presence of GM ingredients in feed. The latter may be part on of national
multiannual control programs, for example, which member states are required to establish

for longer periods. Yet it is also obvious that such inspections and controls for GM
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ingredients are limited in number and therefore the outcomes of such activities may not

allow for traceability and details on the presence of GM ingredients in each and every lot.

4. AVAILABILITY OF DATA ON CONSUMPTION OF FEED

MATERIALS AND OF GM INGREDIENTS THEREIN

Livestock consume approximately 477 M tonnes of feed each year in the EU. From this,
233 M tonnes consist of roughages grown and used on the farms of origin. The remaining
244 M tonnes includes cereals grown and used on farms of origin (51 M tonnes) as well as
feed purchased by producers (i.e.,, compound feed) to supplement their own feed (FEFAC,
2016). In 2015, 154 M tonnes of compound feed were produced by the EU, mainly for
cattle, pigs and poultry, respectively (FEFAC, 2016). The use and import of feed materials
for the production of these 154 million tonnes of compound feed is summarised below in
Table 1 on the basis of data from the European Feed Manufacturers’ Federation (FEFAC).
No distinction is made between GM and non-GM ingredients, which can be accounted for
by the fact that this feature is neither comprehensively monitored for nor included in the
reported statistics. Results indicate that 43 M tonnes of feed materials were imported
from outside the EU in 2015, representing approximately 28% of the total use of feed
materials in compound feed in the EU-28, predominantly cereal grains, oil seed cake and
meal, and co-products from the food and bio-ethanol industry (FEFAC, 2016). It is
important to note that these data neither allow for linking of these feed materials to their
original plant origin nor do they contain any information on the possible presence of GM
products. Production data regarding compound feeds for relevant animal categories can
be obtained from the FEFAC and a list of approved feed establishments by member state
can be obtained on the European Commission website. Volume and origin of these
imported feed materials can be derived from the Eurostat database on international trade

and is based on import and export data provided by statistical bodies of the member
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states. However, the classification and names according to the common nomenclature
(CN) as used in the Eurostat database is substantially different from the classification in
the European feed catalogue (EU, 2013a), which provides an EU-wide agreement on the
use of names and descriptions of a large number of both unprocessed and processed feed
materials and technological processes that may have been involved. Individual feed

ingredients need to be linked to the classification of (groups) of ingredients in Eurostat.

<<<< Place table 1 around here >>>>

4.1. Feed materials used in Dutch livestock husbandry

The Netherlands were used as illustrative example given the quality of data available and
also its role as a major importer and exporter of animal feed products, mainly because
large amounts of feed materials are transferred via the Netherlands, e.g., the seaport of
Rotterdam, to or from other EU countries.

As regards the types of diets provided to the different livestock species considered,
poultry diets for broilers and laying hens in the Netherlands are largely composed of
compound feeds. In addition, wheat is supplied to a large number of poultry farms for
inclusion in broiler diets. Pig diets in the Netherlands are largely composed of compound
feeds and moist by-products. In addition, a limited amount of dry single ingredients, eg.,
wheat and soya bean meal, is directly supplied to pig farmers for inclusion in the ration. In
general, pigs do not receive any roughage unless kept in organic systems. Cattle diets
generally involve roughage (mainly fresh grass, grass silage and corn silage) and
concentrates. Overall, the amount of roughage imported from outside the EU is negligible.
Grass is typically grown on-farm or in neighbouring areas. The same is true for maize
silage, although some maize silage may be traded with other EU member states, especially

from neighbouring countries (Belgium, France, and Germany) (Boerenbusiness, 2013).
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The majority of concentrate is supplied as compound feed by the compound feed industry.
In addition, moist co-products from the food industry and some single dry ingredients, e.g.,
soybean meal, are supplied to dairy farms for on-farm inclusion in feed rations. Based on
Dutch national data for feed consumption, approximately 23% of the ration is from
compound feed and 5% from moist co-products (Table 2).

No published information is available on the composition of compound feeds for different
animal categories involved in commercial animal production and the distribution of feed
materials among animal categories. This information is generally regarded as the
confidential knowledge of feed companies. Therefore, in this study linear programming
was used to estimate diets for a wide range of livestock species using the price and
availability of feed materials in 2011 and nutrient standards for respective diets (CVB,
2010). The resulting diet composition was discussed with experts from several feed
companies to assure that these diets reflected the composition of compound feeds as used
in practice. Subsequently, we aggregated the results to mean diets for pigs, poultry and
cattle (ruminants) based on the relative amount of feed per animal category (Bikker et al,,
2010). Based on the results (summarised in Table 2), we also calculated the distribution of
feed materials among the different groups of animals. The results indicate that intact
cereal grains were largely used in pig and poultry diets, whereas co-products of cereal
grains, e.g., wheat middling and maize gluten feed were largely used in pig and cattle diets.
Soybean meal was largely used in poultry diets, palm kernel expeller in ruminant diets,
and rapeseed meal in pig diets.

Since most of the GM crops are grown in non-EU countries, it is particularly relevant to use
statistical data to gain insight into imports of feed materials from outside the EU. In most
of the important countries of origin for selected feed materials outside the EU (Table 2),
GM crop cultivation is performed on a large scale, including GM varieties of various of the

crop species mentioned (e.g., maize, cotton, oilseed rape, soybean, sugar beet, etc.).
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Besides the various dry products featured in Table 1, also moist products are used as feed
ingredients, particularly moist co-products from the food and beverage industry, which
are used in diets for cattle and pigs. The majority of moist co-products is derived from
cereal grains (wheat, barley, maize), potato and sugar beet pulp. Because of their high
moisture content and high transport costs, these products are mostly locally produced or
imported from neighbouring countries within the EU such as Germany, Belgium and
France and hence likely to be from GMO-free ingredients. In general, factories for the
processing of cereal grains and sugar beet pulp are located in regions with high
production of these crops. However, it cannot be excluded that the factories involved in
the primary processing of cereals and other plant products also make use of imported raw
materials. Additionally, processing of soybeans is fully based on imports from Brazil,

Canada, Paraguay, or the USA, which are countries that do cultivate GM crops.

<<<< Place Table 2 around here >>>>

According to our knowledge, there is no comprehensive, publically available data source
that allows for precise determination of the amount of GM vs. non-GM feed material
imported into, traded within, as well as used within the EU. In addition, there is limited
information available on the allocation of feed materials to different animal categories,
and, no typical composition of major compound feeds representative for the EU has been
established that would enable estimation of the use of feed materials for cattle, pigs, and
poultry. Differences between rations and feeds among the different EU countries also
make it difficult to use an average composition representative for all countries

To gain insight from a member-state level regarding the use of GM vs. non-GM feed, each
country would need to provide estimates of the percentage of feed material used and
imported by major crop category (e.g., maize, soybean) and base GM percentage on

approximations of the cultivation of GM vs. non-GM crops in the exporting countries of
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origin. In addition, to determine use by livestock category, each country would need to
compose representative national diets for major livestock categories trying to gain a rough
understanding of the possible use and distribution of GM vs. non-GM feed materials by
major livestock category. We recommend that each country compose representative
national diets for the major livestock categories in order to determine the distribution of

feed ingredients between animal species..

4.2. GM feed authorizations in the EU

Currently, there are 100 GM crops approved for feed and food use in the EU and one crop
approved for cultivation in the EU. These approved crops include 68 GM variants of maize,
15 of soya bean, 12 of cotton, 4 varieties of oilseed rape, and 1 variety of sugar beet. The

single crop approved for cultivation is MON 810 maize (EC, 2017e).

4.3. GMO production

The International Service for the Acquisition of Agri-biotech Applications (ISAAA)
publishes yearly overviews of GM crop production worldwide. From the 2016 report
(James, 2016), it can be seen that production of the four major GM crops (soy, maize,
cotton and canola) as well as other GM crops has largely been steadily increasing.
However, the number of commercially grown GM crops is still relatively small in
comparison to the total number of crops produced globally. In 2016, the USA was still by
far the largest producer of GM crops worldwide, accounting for 39% of the global acreage.
Brazil (27%) and Argentina (13%) are the next major GM crop producers, followed by
Canada (6%) and India (6%), all four with more than 10 million hectares annually planted
to such crops. Paraguay, Pakistan, China, South Africa, Uruguay, Bolivia, Australia, the
Philippines, and Myanmar are also substantial producers, whilst each of these countries
produced less than 4% of the total area of GM crops in 2016. With regard to the EU, the

only crop approved for cultivation in 2016 was insect-resistant maize. Within the EU,
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Spain is a major producer of GM crops and was ranked 15t worldwide in terms of
production area in 2016. Therefore, Spain will serve as an example below for GM maize
production within the EU. Portugal, the Czech Republic, and Slovakia also play a role in EU
GM crop production; however, their contribution is relatively small at less than 50,000

hectares of GMO production per country (James, 2016).

4.4. EU Regulations

Legislation of GMOs in the EU encompasses various regulations covering different aspects
of their application, such as GM food and feed, as well as field cultivation, import and
processing of GM plants (EU, 2001a; EU, 2003a). Complementary aspects covered by
parallel regulations include, for example, the international movement of GMOs, post-
market environmental monitoring, and also guidance on the safety data to be provided
with dossiers on GM plants (EU, 2013b). In 2010, the EU issued new recommendations
regarding safeguard and co-existence measures for GMO cultivation, as part of a Directive
which allowed member states to restrict or prohibit cultivation of GMOs on their
territories (EU, 2015). Under this so-called “opt-out” procedure, a member state can
request a restriction of the geographical scope of the approval if it were to be granted, so
that its territory is excluded. After authorization, it can also invoke the opt-out procedure
based on compelling grounds related to non-scientific, non-risk issues such as public
policy.

Insect-resistant MON 810 maize was authorised in 1998 and is cultivated for commercial
purposes (EC, 2015). The other abovementioned approvals are not for cultivation of the
particular GM in Europe but for, for example, import and processing, and use as food and
feed.

Presently, it is estimated that over 90% of feed materials are labelled as containing GMOs
or GMO-derived materials. The European requirements for the labelling of GMOs are

detailed in Regulation (EC) No 1829/2003 (EU, 2003a). All products need to be labelled if
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they contain or consist of GMOs, or if they are produced from or contain ingredients
produced from GMOs. The threshold for labelling is 0.9% for each crop that is used to
produce the final product, provided that this presence is adventitious or technically
unavoidable. For example, if different soy ingredients are used in a particular feed
material, the overall percentage of GM soy is calculated and this total percentage of GM soy
should not exceed the limit of 0.9%. Assumed that the presence of trace amounts of GMOs
should be adventitious, importers and producers need to take measures to segregate non-
GM from GM material. Dilution of the GMO component to below the set threshold is illegal.
In this case, such a product would still need to be labelled. Every GMO with an EU market
authorisation is assigned a unique identification code consisting of numbers and letters.
This code is included in all documents that accompany the product throughout all stages of

the production and distribution chain, enabling tracing back to the origin.

4.5. Non-approved GMOs

Regulation (EC) No 619/2011 formulates additional measures, including methods of
sampling and analysis, for the monitoring of feed, not food, with relation to the potential
presence of GMOs or derived materials that have already obtained a positive scientific
evaluation by the EU but are not yet approved. GMOs for which the period of approval has
expired are also included (EU, 2011b). The technical implementation of the zero threshold
for unapproved GMOs is set at the 0.1% level, the lowest level of GM material considered
by the EU Reference Laboratory for the validation of quantitative methods. If levels of
unapproved GMOs exceed this threshold, the particular feed batch involved may not enter

the European market.

4.6. Traceability
Rules regarding the traceability of GMOs are outlined in Regulation (EC) No 1830/2003

(EU, 2003b) and apply to products consisting of, or containing, GMOs, and food and feed
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produced from GMOs, but not to medicinal products for human or veterinary use. Member
states are obliged to set up monitoring programmes including sampling and analysis, to
maintain GMO traceability regulations. Traceability regulations for GMOs should facilitate
both the withdrawal of products where unforeseen adverse effects on human or animal
health or the environment have been observed, as well as the targeting of monitoring to
examine potential effects on the environment. Traceability should also, in specific cases,
facilitate the implementation of risk management measures in accordance with the
precautionary principle.

Traceability requirements for food and feed produced from GMOs should be established to
ensure that accurate information is available to producers and consumers as a means to
ensure freedom of choice as well as to enable the control and verification of labelling
claims. Information with relation to the presence of GMOs should be transferred from
importers/producers to each subsequent step in the food and feed supply and production
chains.

Importers or producers need to establish whether a product contains or consists of GMOs,
and, in the case of viable organisms, which GMOs are involved. At all subsequent stages of
the food and feed supply and production chains, this information needs to be transmitted
to the next step in the supply and production chains. Producers will need to have systems
and procedures in place to make the relevant information traceable for a period of five

years from each transaction.

4.7. Feed inspection and control (GMOs)

According to EU regulations, all countries/member states are required to set up a
monitoring system to enforce that GMO labelling and traceability requirements of
Regulation (EC) No 1830/2003 (EU, 2003b) are met. The European Food and Veterinary
Office regularly audits all Member states; these audits include checks on national

monitoring programs as well as compliance with GMO regulations. Summaries of findings
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are published by the Food and Veterinary Office in their audit reports and can be accessed
online. From recent key findings provided by several member states regarding GMO
monitoring, it can be concluded that only a limited percentage of feed is tested for GMOs
within the EU. However, it seems that the majority of feed materials are correctly labelled

with no indications of the presence of non-authorised GMOs.

4.8. Maize Production in Spain, A working example

Spain grows the largest amount of GM maize (MON 810) in the EU and the percentage of
GM maize produced has steadily increased over the past decade. The distribution of GM
maize production is not homogeneous throughout Spain. High-producing regions such as
Aragon (71% of cultivated maize was GM in 2016) and Catalonia (59%) are located in the
northern part of the country. Within Catalonia, most GM maize is grown in the region of
Lleida and 'Emporda (59% and 64%, respectively, in 2016); it is also important to note

that only 0.1-0.15% of cultivated maize is organic (MAGRAMA, 2015).

4.8.1. Coexistence of GM and non-GM Maize in Spain

Spain does not have yet an official regulation regarding coexistence of GM, conventional,
and organic maize. However, the National Association of Plant Breeders [Asociacién
Nacional de Obtentores Vegetales] publishes guidelines detailing practices for farmers
cultivating GM maize every season (ANOVE, 2016). Recommendations include the use of
buffer zones between GM and non-GM crops as well as sowing GM and non-GM crops at
different times to reduce the risk of cross-pollination. In addition, farms involving organic
maize production are recommended to be physically separated from areas cultivating GM
crops.

Farmers are obliged to present a signed declaration [DUN, Declaracié Unica Agraria],

regarding their cultures to the competent authorities each growing season. The
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declaration must include the seed variety used, the area cultivated, yield and, since 2013,
place of commercialisation.

The GM and conventional maize production in Catalonia is selected as example to
illustrate the organisation of a typical maize production chain from harvesting to feed
manufacture. Catalonia requires approximately 2,100,000 tonnes of maize per year, the
majority of which (80.8%), is used for animal feed. It is important to note that Catalonia
produces only 25% of its maize requirements.

After harvesting, grains are dried (humidity approx. 11%) in local drying facilities. There
is a register of entries and issues that contains information regarding the variety of maize,
where the maize was grown, weight of the batch, and humidity levels. Since the vast
majority of locally produced maize is for feed purposes and transgenic and conventional
maize are purchased for the same price, care is not taken at dryer facilities to separate
transgenic and conventional grains. Therefore, the maize production is typically labelled
as GM.

For transportation of maize grain and feedstuffs documentations are required based on
the Convention on the Contract for the International Carriage of Goods by Road and must
include name and address of the sender, carrier, and receiver, date, vehicle specification,
the type of load, weight of the load, origin of the load, destination of the load. In addition,
feed composition (including whether it is GM or non-GM), nutritional composition, lot
number, weight. The identification details of the feed manufacturer must also be
documented.

A range of different feed manufacturers, from small agricultural cooperatives to large
companies, exists in Catalonia. However, feed manufacturers import a significant amount
of maize mostly from France, besides Bulgaria, Brazil, Ukraine, and the USA. Imports occur
through the ports in Tarragona and Barcelona and each batch must be accompanied by
documentation with the same details as described above for vehicle transport. Upon entry,

all information related to delivery notes and transport is registered for the feed
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manufacture. Additionally, quality control of every batch is carried out according to

regulations (EU, 2002c).

4.9. Conclusions

From the data reviewed, it becomes apparent that, in each and every situation, not all feed
that an animal has been exposed to will be traceable back to the farm of origin, nor would
it be possible to determine the proportion and identity of the GM-crop-derived ingredients
ingested based on available data. The latter could include feed production and trade
statistics, monitoring data, and records kept by chain actors. The presence of GM
ingredients can be measured specifically using DNA-based detection techniques, yet this is
done to a limited extent in practice. The example of coexistence in Spain, where GM maize
is cultivated, shows that data on the specific GM product present in feed is rapidly lost
downstream in the subsequent stages of mixing and processing feed ingredients from

various sources.
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5. Livestock husbandry systems using non-GM feeds

Two categories of commercial practice that explicitly require livestock operations to feed
their animals diets containing non-GM feed ingredients are highlighted here. The question
was raised as to whether these livestock operations could serve as a comparator for
animal production chains where GM feeds are allowed to be used, so as to be able to

discern possible impacts of the latter on livestock health.

5.1. Organic farming

Organic farming was considered in more detail as its principles preclude the use of GM
feed ingredients, among others.

In 2013, approximately 1.7% (185,000) of agricultural holdings within the EU-28 were
estimated to be involved in organic agriculture. The majority of these holdings (81%)
were within the EU-15, particularly Italy, Austria, Spain, Germany, Greece, and France (EC,

2016).

5.1.1. Regulations on organic agriculture
Three main regulations cover different aspects of organic production in the EU, including:
e Organic production, distribution, trade, and labelling (EU, 2007b),
e Organic animal and plant production (EU, 2008b), and
¢ Import of organic products from third countries (EU, 2008c).
Regulation EC (No) 889/2008 sets out control measure requirements for organic products
(EU, 2008b). Member states should designate the competent authorities and/or approved
private inspection bodies responsible for performing the official controls and certification
for organic production. When controls are carried out, the operator should have
information, among others, on practical measures taken to ensure compliance with the

organic production rules, as well as precautionary measures to reduce the risk of
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contamination by unauthorised products. Every member state must also provide annual
results (number of organic producers, importers, exporters, organic crop production,
areas under conversion, organic livestock numbers) to the European Commission (EC,
2017d).

Organic feed must be produced from organic materials except where feed material is not
available on the market in organic form, in which case they may be sourced from
operations in the course of conversion to organic agriculture. The use of growth
promoters, synthetic amino acids, and GMOs is prohibited, however, less than 0.9% of
adventitious GM material is allowed if it entered the product unintentionally.

During transport, organically-produced feed, in-conversion feed, and non-organic feed
should be physically separated. Operators should ensure that organic products are
transported to other units in appropriate packaging, containers or vehicles and closed in
such a manner that substitution of content cannot be achieved without manipulation or
damage of the seal. A record of all the transportation processes should be kept. Also for the
storage of products, areas should be managed in such a way as to ensure identification of
lots and to avoid any mixing with or contamination by non-organic products and/or
substances. When processing of organic and non-organic products occurs in the same
place, adequate measures should be taken to avoid cross-contamination. Operators should
establish protocols to avoid contamination with unauthorised substances and avoid the

labelling of non-organic products with organic labels.

5.1.2. Organic livestock

Organic livestock production has developed faster for ruminants than pigs and poultry as
ruminants can be fed on grassland and roughage, in contrast to pigs and poultry, which
require grain and protein-rich feed.

With regard to purchase and trade of animals, non-organic animals can be bought under

certain conditions, such as a minimum period of their lifespan spent within the organic
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system before slaughter, whilst no more than 10% of non-organically reared female
animals can be used for herd renewal. Livestock must be fed 100% organic feed. For
herbivores, at least 60% of feed should come from the farm itself, or, if not feasible, be
produced in cooperation with other organic farms, whilst for poultry and pigs, the
minimum threshold is set at 20% (EU, 2008b; EU, 2012). Records should be kept for feed
(supplements, proportion of ration ingredients, periods of access to free-range areas) as
well as disease prevention and treatment (type of treatment, product, withdrawal period).
For dairy cattle, there is a range of different organic farm management and husbandry
systems within Europe, whilst herd sizes and breeds vary across Europe (e.g. Gratzer et al,,
2012). Artificial insemination is permitted and farms vary in their breeding practices. With
regard to feeding, for example, at least 60% of the dry matter in the daily ration should
consist of roughage, fresh or dried fodder, or silage. A reduction to 50% for a maximum
period of 3 months in early lactation is allowed (EU, 2008b). Currently, yearly production
data is only available for all dairy cattle (conventional plus organic) and no resource exists
to allow direct comparison of organic and conventional production parameters. This,
combined with the wide variety of husbandry systems and farm sizes throughout the EU,
makes it difficult to compare organic and conventional dairy cattle production. However,
several studies conducted in Germany comparing organic and conventional farming found
no significant health and production differences apart from lower milk yields in organic
dairy cattle (BOLN, 2012; Hoerning et al., 2005; Mueller and Sauerwein, 2010).

As with organic dairy cattle, there are a large variety of beef cattle husbandry systems
within the EU. With regard to health and performance of organic beef cattle, research
carried out by the German Federal Program for Organic Farming between 2001 and 2011
found similar health and production outcomes in organic and conventional systems
(BOLN, 2012; Hoerning et al., 2005).

Organic pig husbandry systems in the EU can be broadly divided into three major

categories: indoor housing, outdoor housing and mixed housing. In contrast to
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conventional systems, organic standards as laid down in EU legislation require that
animals have outdoor access (EU, 2007b; EU, 2008b). Some private schemes define even
stricter rules. For example, the Soil Association requires all organic pigs in UK to be kept
on pasture, whilst the Swedish certifier KRAV requires access to pasture during summer
for all pigs. Typical practices vary across Europe, with organic pigs being housed mainly
indoors and given outdoor access via concrete runs in some countries, and outdoors all
year round with natural shelter in other countries, as well as combinations of indoor and
outdoor housing (FiBL, 2011). As for other livestock species, a number of studies did not
find improved performance in organic production systems (Millet et al., 2005; Sundrum,
2001).

Organic poultry is kept in free-range systems with lower stocking densities than in
conventional holdings. There is a large diversity of production systems throughout the EU
with regard to flock and farm size. With regard to feeding, EU legislation specifies that
roughage, fresh or dried fodder, or silage should be added to the daily ration (EU, 2008b).
A large number of studies have evaluated and compared performance of organic vs.
conventional poultry. Varying results have been published, however, in a number of
studies, mortality was found to be similar among organic vs. conventional broilers.
However, difference in feed conversion ratios (lower in organic broilers) were found as
well as bacterial carriage and antimicrobial resistance (higher in organic broilers)
(Ferrante et al,, 2008; Luangtongkum et al., 2006; Van Overbeke et al., 2005). One study
surveying farms in, France, the Netherlands, and Switzerland found higher mortality and
lower egg production among organic laying hens (Leenstra et al.,, 2012). A review paper
focusing on different housing systems in laying hens concluded that organic systems for
laying hens provide better welfare in terms of allowing bird to perform their natural
behaviour, however, from a production standpoint, results are inconclusive regarding

which production system is most favourable (Sosnowka-Czaja et al., 2010).
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For organic aquaculture production, EU legislation poses specific requirements. These
include, for example, separation of organic from non-organic units, maximum fish stocking
densities, and prohibited use of artificial hormones to induce spawning. Organic feeds
should be used and supplemented by feeds derived from sustainably managed fisheries
(EU, 2009b). In 2008, there were an estimated 123 certified organic aquaculture
operations within the EU, accounting for half of the world production of organic
aquaculture products. Greece, France, Hungary, and Ireland are the top five EU states in
terms of organic aquaculture; growth of the organic market is strong in France, Germany,
and the UK (EC, 2012b). Whilst salmon accounted for more than 80% of the organically
labelled fish production within Europe in 2012, this accounted for 0.7% of the total
Norwegian production as compared to 69% of Irish and 1.4% of European salmon
production being organic (Zubiaurre, 2013). In order to further remove obstacles to the
development of organic aquaculture in Europe, the recently concluded OraQua project had
formulated recommendations based on consulted stakeholders’ feedback, as a basis for
science-based amendments to EU legislation on organic aquaculture. Amongst others, it
was recommended to increase the options for feed ingredient sourcing. A greater diversity
of ingredients would thus allow to better meet the cultured fish’ dietary needs for amino
acids and other nutrients (OrAqua, 2016). Interestingly, similar concerns previously
raised by the expert group for technical advice on organic production, which advises the
European Commission, in response to which legislation had already been amended to
allow fish farmers to feed whole fish and add the amino acid histidine produced from

fermentation to feed (EU, 2016).

5.2. Non-GM feed
A number of countries within the EU (Austria, France, Germany, and Luxembourg) have
voluntary labelling schemes for eggs, meat, or milk derived from animals that were fed

with non-GM feed. In Germany for example, since 2008, it has been possible to apply the
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label “without genetic engineering” to animal products such as eggs, meat and milk. The
German competent authorities monitor for compliance and regulations according to the
German “Act on the implementation of European Community or European Union
regulations in the field of genetic engineering and on labelling for foodstuffs made without
genetically modified methods (EGGenTDurchfG)” (BVL, 2015), which are allow for
accidental, technically unavoidable admixtures of approved GM crops, provided that they
remain below the threshold of 0.9%. Moreover, animal should not be fed GM feed during a
minimal period before slaughter, ranging between 6 weeks for egg production in poultry
and 12 months before slaughter for cattle. In contrast to organic agriculture, vitamins,
enzymes or other additives manufactured with gene technology are permitted, as is
treatment with genetically engineered drugs or vaccines.

Brazil is the leading country for certified non-GMO soy production. It was estimated that in
2015, 12% of Brazilian soybean production would be free from genetic modification,
corresponding to 3.7 million hectares, of which 1.3 million were certified non-GMO, out of
2.15 million hectares globally. This is followed at some distance by other countries with
certified non-GM soybean production, including India, China, EU-28, USA, Canada, Russia
and others, in decreasing magnitude (CERT ID, 2015). However, the quantity Europe
produces is too small to cover the needs of the animal feed industry. For producers and
suppliers of non-GM feed, third-party systems provide certification of their products
(Pelaez et al., 2010).

Multiple resources exist with regard to availability of non-GM feed suppliers and
producers. Cert ID, for example, is a global company that offers third-party certification to
agriculture producers, certifies approximately 70 companies for non-GMO and EU
regulatory compliance programs. It has a focus on products supplied from Brazil, the
world’s largest non-GM soya producer, as well as India and North America. Additionally, it
has established a GMO testing laboratory that is based in Germany and provides GMO

testing for a range of agricultural and feed production companies (CERT ID, 2013).
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In 2016, seven out of the 10 largest German dairy companies produced “GM-free” products
with 839 retail items sold in Germany labelled as GM-free. This trend is likely to continue
as an increasing number of retail businesses is expanding or even limiting their dairy
product range to GM-free products (VLOG, 2016). The production and feeding practices of
producers surveyed varied depending on the type of farm, however, the majority fed
forage comprised of maize and grass silage and purchased certified non-GM compound
feed. For those that produced their own feed materials, the main protein source used was
rapeseed (Deumelandt and Bronsema, 2013). A website listing providers and producers of
GM-free milk products in Germany is available for public access, which currently features
slightly more than 1,000 dairy products (VLOG, 2017).

In 2009, the first chicken meat labelled as GM-free chicken meat was brought onto the
German market by an integrated poultry producer in Germany who sourced feed
ingredients from guaranteed GM-free regions and producers in Brazil, with a traceability
and inspection scheme in place (Dunn, 2009). Since then, the number of poultry products
that have been granted the “GM-free” label in Germany has risen to over 1,300 products as
of 2017 (VLOG, 2017). Similar examples can be provided for a range of other products

from livestock, such as eggs and meat, as well as honey.

5.3. Conclusions

The prohibition of the use of GMO-derived feed ingredients in organic livestock husbandry
as imposed by EU legislation, among others, makes the organic production chain a
potential comparator for studies on the potential impacts of non-organic features such as
GM feeds, on livestock health. It has to be taken into account that besides the absence of
GM materials also other characteristics of the organic husbandry operations may differ
from that of conventional ones, such as size of holdings, animal breeds, access to meadows,
forage as feed ingredient, and production cycles, which may constitute confounding

factors in this comparison.
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6. CONCLUSIONS

Findings from this review indicate that for cattle, fish, pig, and poultry chains, EU
regulations facilitate clear tracing of animals throughout the production chain. The system
of identification and registration for cattle requires individual tracing of animals from
birth to slaughter. For fish, pigs, and poultry, individual tracing is not possible, however,
regulations are in place to enable tracing of production groups or batches.

In terms of the structure and features of livestock production systems (eg., farm sizes,
veterinary oversight), considerable variations were found to exist throughout the EU,
particularly for cattle, fish, and pig production chains. Additionally, availability of health
and production data was found to be variable. All EU member states carry out official
yearly inspections and controls, however, these controls focus primarily on compliance
with documentation and identification requirements as well as infectious diseases, and do
not provide information about GM feed consumption. Organic systems, due to their
prohibition of the use of GM feed (less than 0.9% of adventitious GM material is allowed),
offer a possible way to examine production systems that do not use GM-feed. However,
similar to conventional systems, a large variation in husbandry and production practices
was found, which poses a challenge for examining the influence of feed alone on animal
health and production outcomes.

As for livestock, considerable variation in the structure and features of feed production
systems was found to exist throughout the EU. Controls focus largely on compliance with
documentation requirements, the labelling of feed, as well as the presence of undesirable
and prohibited substances. A substantial amount of feed materials is traded among
member states as well as imported from outside the EU, which makes tracing of feed
complex. Additionally, the classification system of feed materials differs between the
European feed catalogue and the Eurostat database on international trade. This

complicates analysis of feed data since it is not possible to obtain information from the
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Eurostat database on international trade for each feed material in the feed catalogue and
trace it back to its country of origin. Further to this, there is a lack of information on the
composition of typical diets for livestock within the EU-member states, making it difficult
to precisely quantify the allocation of feed materials among the different livestock
categories.

With regard to GMOs, current estimates are that over 90% of feed materials are labelled as
containing GM materials. Despite this widespread presence of GMOs, there is a lack of
comprehensive, publically accessible data that provides detailed information regarding
the trade and use of GM vs. non-GMO feed materials. The example provided on maize
production in Catalonia, Spain, further illustrates the challenge of gaining data regarding
the presence and quantity of GM material in feed as all maize feedstuffs are labelled as GM
since GM and conventional maize are not separated throughout the feed production chain.
Despite these limitations and complexities, available data seems to indicate that the
majority of feed materials within the EU are correctly labelled, with no indications of the
presence of a high percentage of non-authorised GMOs.

In summary, key conclusions of this review include the following:

e EUregulations enable clear tracing of livestock throughout the entire production
chain.

¢ Livestock controls and health data focus primarily on compliance with
documentation and identification requirements as well as infectious diseases.

e The structure of different livestock sectors varies considerably within the EU.
However, husbandry and production practices are largely similar for large scale
producers (i.e., large farms/holding) in the different livestock sectors (e.g., cattle,
pigs, poultry).

* Using publicly available data, it is not possible to precisely quantify the
distribution and use of feed materials among different livestock species, or to

precisely quantify the proportion of GMOs within animal feed. Only rough
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estimates of the percentage of animal feed containing GM material can currently be
made by combining cultivation data from countries of origin with import data from
the country of destination.
e Although only a small percentage of animal feed is tested for the presence of GMOs,
available data indicates the majority of feed materials are correctly labelled.
¢ Organic systems, due to prohibition of the use of GM feed provide a possibility to
examine feed and animal production chains without the use of GM materials.
Based on these considerations, it appears doubtful as to whether linkage of health data on
an individual animal or group (herd, flock) of animals could be linked to data on its
consumption of a specific GMO. The latter would be desirable for establishing a cause-
effect relationship. The solution to this incongruence could be to check for diverging
trends in commonly measured animal health data. Once such deviations are identified,
further investigations should focus on collecting sufficient evidence on what might have
caused this deviation. Identified causes could be further tested for confirmation in more
controlled studies, for example. This rather generically applicable approach is similar to
the “syndromic surveillance” which is becoming increasingly popular in veterinary circles.
A statistical tool as an aide for the design of such surveillance programs has been
developed within the MARLON project and is the subject of a parallel publication (L. Vince

et al., unpublished, submitted for publication in the same special issue).

ACKNOWLEDGEMENT

This study was carried out as part of the MARLON project (“Monitoring of Animals for
Feed-Related Risks in the Long Term”) financially supported by the 7th Framework
Program of the European Community for Research, Technological Development and

Demonstration Activities (FP7), Grant Agreement no. 312031.

41



ACCEPTED MANUSCRIPT

42



REFERENCES

Agrar-Lexikon, 2013. Schwein (German) [Swine]. i.m.a. - information.medien.agrar, Berlin,
Germany.

BOLN, 2012. Animal Health of Ruminants, a Summary of Research Conducted under the
German Federal Programme for Organic Agriculture and Other Forms of Sustainable
Agriculture, 2001-2011. German Federal Programme for Organic Agriculture and
Other Forms of Sustainable Agriculture (BOLN), c/o Federal Office for Agriculture
and Food, Bonn, Germany.
http://orgprints.org/21872/1/BOEL animal%20health%200f%20ruminants 2012.
pdf [cited 18 September 2017]

ANOVE, 2016. Guia Técnica y de Buenas Prdcticas para el Cultivo de Maiz Bt
(Spanish)[Technical Guidelines and Good Practices for MON810 Cultivation]. National
Association of Plant Breeders (ANOVE), Madrid, Spain.
http://web.anove.es/media/Guia-maiz-Bt-2016.pdf [cited 18 September 2017]

Bavarian State Research Center for Agriculture, 2013. Futtermittel fuer
Schweine/Bewertungsystem (German) [Pig Feed/Rating System]. Bavarian State
Research Center for Agriculture, Freising, Germany.

http://www.fl.bayern.de/ite/schwein/036198/index.php [cited 18 September

2017]

Berk, J., 2008. DLG-Merkblatt 347: Haltung von Jungmasthuehnern (German) [DLG leaflet
347: Broiler Husbandry].

http: //www.dlg.org/fileadmin/downloads/merkblaetter/dlg-merkblatt 347.pdf

[cited 18 September 2017]

Bikker, P., Krimpen van, M.M., Remmelink, G.J., 2010. Stikstofverteerbaarheid in Voeders

voor Landbouwhuisdieren (Dutch) [Nitrogen Digestibility in Feed Materials for Farm

43



Animals]. Wageningen University and Research, Livestock Research, Lelystad,
Netherlands. http://edepot.wur.nl/171388 [cited 18 September 2017]

BMELV, 2012. Control Programme for Feed, 2012 to 2016. Federal Ministry of Food,
Agriculture, and Consumer Protection (BMELV), Berlin, Germany.
http://www.bmel.de/SharedDocs/Downloads/EN/Animals/ControlProgrammeFee

d2012-2016.pdf? blob=publicationFile [cited 18 September 2017]

Boerenbusiness, 2013. Top 5 Boerenbusiness: Waar Komt de Meeste Mais Vandaan? (Dutch)
[Farming Business Top 5: Where Does Most of the Maize Come from?].
Boerenbusiness, c/o DCA Multimedia, Lelystad, Netherlands.

http://www.boerenbusiness.nl/ondernemen /top5/artikel /item /10824692 /Waar-

komt-de-meeste-mais-vandaan [cited 18 September 2017]

BVL, 2015. Gesetz zur Durchfiihrung der Verordnungen der Europdischen Gemeinschaft oder
der Europdischen Union auf dem Gebiet der Gentechnik und tiber die Kennzeichnung
ohne Anwendung gentechnischer Verfahren hergestellter Lebensmittel
(EGGenTDurchfG) (German) [Act on the Implementation of European Community or
European Union Regulations in the Field of Genetic Engineering and on Labelling for
Foodstuffs Made without Genetically Modified Methods]. Federal Office of Consumer

Protection and Food Safety (BVL), Berlin, Germany. http://www.gesetze-im-

internet.de/bundesrecht/eggentdurchfg/gesamt.pdf [cited 18 September 2017]

CVB, 2010. Tabellenboek Veevoeding. Voedernormen landbouwhuisdieren en voederwaarde
veevoeders (CVB Series No 49) (Dutch) [Table Booklet of Livestock Feed]. Central
Bureau for Livestock Feeding (CVB), c/o Federation Dutch Animal Feed chain (FND),
Rijswijk, The Netherlands.

CERT ID, 2013. Non-GMO Soybean Meal and Other Soybean Products: Volumes Available

from South America and Worldwide. CERT ID Certificadora Ltda., Porto Alegre,

Brazil. http://www.imker-fuer-gentechnikfreie-

44



regionen.de/uploads/2013 02 28 CERT ID GMfree Soy Volumes 2012.pdf [cited

18 September 2017]
CERT ID, 2015. Non-GMO Soy Synopsis (December 2015): Global Supply of Certified Non-

GMO Soy. CERT ID Certificadora Ltda., Porto Alegre, Brazil. https://www.cert-

id.eu/getattachment/Certification-Programmes/Non-GMO-Certification/Non-GMO-

Soy-Certification/ProTerra-Cert-IDNonGMO Soy Synopsis DEC 2015.pdf [cited 18

September 2017]
Chiba, L.I,, 2014. Poultry nutrition and feeding. In: Chiba, L.I. (Ed.) Animal Nutrition
Handbook, 3rd Revision (Chapter 12). L.I. Chiba, c/o Auburn University, Auburn AL,

USA. http://www.ag.auburn.edu/~chibale/an12poultryfeeding.pdf [cited 18

September 2017]

Codex alimentarius, 2008. Guideline for the Conduct of Food Safety Assessment of Foods
Derived from Recombinant-DNA Plants., Food and Agriculture Organization, Joint
FAO/WHO Food Standards Program, Codex alimentarius Commission, Rome, Italy.
http://www.fao.org/fileadmin/user upload/gmfp/docs/CAC.GL 45 2003.pdf [cited
18 September 2017]

CIWF, 2013. Statistics, Laying Hens. Compassion in World Farming, Godalming, Surrey, UK.

https://www.ciwf.org.uk/media/5235021 /Statistics-Laying-hens.pdf [cited 18

September 2017]
Deumelandt, F., Bronsema, H., 2013. "Ohne Gentechnik" - in der Milchproduktion eine
Option? (German, 16 May 2013) ['Without GM’, a possibility in the dairy industry?].

Elite Journal for Milk Producers, Miinster, Germany. http: //www.elite-

magazin.de/news/Ohne-Gentechnik-in-der-Milchproduktion-eine-Option-

1147084.html [cited 18 September 2017]

Dunn, N., 2009. Germany’s Poultry Meat Pioneer for GMO-Free.

gmo-free [cited 18 September 2017]

45



EC, 2000. The Welfare of Chickens Kept for Meat Production (Broilers)
(SANCO.B.3/AH/R15/2000). European Commission, Scientific Committee on Animal
Health and Animal Welfare, Brussels, Belgium.
https://ec.europa.eu/food/sites /food /files /safety /docs/sci-com scah out39 en.pdf
[cited 18 September 2017]

EC, 2012a. Aquaculture Facts and Figures. European Commission, Brussels, Belgium.
http://ec.europa.eu/fisheries/cfp/aquaculture/facts/index en.htm [Cited 18
September, 2017]

EC, 2012b. Aquaculture Methods. European Commission, Brussels, Belgium.

http://ec.europa.eu/fisheries/cfp/aquaculture/aguaculture methods/index en.htm

[Cited 18 September, 2017]

EC, 2014. Pig farming sector - statistical portrait 2014. European Commission, Brussels,
Belgium http://ec.europa.eu/eurostat/statistics-
explained/index.php/Pig farming sector - statistical portrait 2014 [cited 18
September 2017]

EC, 2015. Fact Sheet: Questions and Answers on EU's policies on GMOs. European
Commission, Brussels. http://europa.eu/rapid/press-release MEMO-15-
4778 en.htm [cited 18 September 2017]

EC, 2016. Facts and Figures on Organic Agriculture in the European Union. European

Commission, Brussels, Belgium.

http://ec.europa.eu/agriculture/rica/pdf/Organic 2016 web new.pdf [cited 18
September 2017]

EC, 2017a. TRACES: TRAde Control and Expert System. European Commission, Brussels,

Belgium. https://ec.europa.eu/food /animals/traces en [cited 9 September 2017]

EC, 2017b. Bovine Animals. European Commission, Brussels, Belgium.

https://ec.europa.eu/food/animals/identification/bovine en [cited 18 September

2017]

46



EC, 2017c. RASFF - Food and Feed Safety Alerts. European Commission, Brussels, Belgium.
https://ec.europa.eu/food/safety/rasff en [cited 18 September 2017]
EC, 2017d. Organic Farming: Control System. European Commission, Brussels, Belgium

https://ec.europa.eu/agriculture/organic/consumer-trust/certification-and-

confidence/controls-and-inspections/control-system en [cited 18 September 2017]
EC, 2017e. EU Register of Authorised GMOs. European Commission, Brussels, Belgium
http://ec.europa.eu/food/dyna/gm register/index en.cfm [cited 18 September
2017]
EFSA, 2011. Guidance for risk assessment of food and feed from genetically modified
plants. EFSA Journal, 9(5), 2150.

http:

onlinelibrary.wiley.com/doi/10.2903/j.efsa.2011.2150/abstract [cited 18
September 2017]

EU, 1964. Council Directive 64/432/EEC of 26 June 1964 on animal health problems
affecting intra-Community trade in bovine animals and swine. Official Journal of the
European Communities 121, 164-184. http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:31964L0432&from=en [cited 18 September

2017]

EU, 2000. 2000/678/EC: Commission Decision of 23 October 2000 laying down detailed
rules for registration of holdings in national databases for porcine animals as
foreseen by Council Directive 64/432/EEC. Official Journal of the European

Communities L281, 16-17. http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32000D0678&from=EN [cited 18 September

2017]
EU, 2001a. Directive 2001/18/EC of the European Parliament and of the Council of 12
March 2001 on the deliberate release into the environment of genetically modified

organisms and repealing Council Directive 90/220/EEC. Official Journal of the

47



European Communities 1106, 1-39. http://eur-lex.europa.eu/legal-

content/EN/TXT /?uri=celex%3A32001L0018 [cited 18 September 2017]

EU, 2001b. Regulation (EC) No 999/2001 of the European Parliament and of the Council of

22 May 2001 laying down rules for the prevention, control and eradication of
certain transmissible spongiform encephalopathies. Official Journal of the European
Communities L147, 1-40. http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32001R0999&from=EN [cited 18 September

2017]

EU, 2002a. Regulation (EC) No 178/2002 of the European Parliament and of the Council of
28 January2002 laying down the general principles and requirements of food law,
establishing the European Food Safety Authority and laying down procedures in

matters of food safety. http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:1:2002:031:0001:0024:en:PDF

[cited 18 September 2017]

EU, 2002b. Commission Directive 2002 /4 /EC of 30 January 2002 on the registration of
establishments keeping laying hens, covered by Council Directive 1999/74 /EC.
Official Journal of the European Communities L30, 44-46. http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:1.:2002:030:0044:0046:EN:PDF

[cited 18 September 2017]
EU, 2002c. Directive 2002/32/EC of the European Parliament and of the Council of 7 May
2002 on undesirable substances in animal feed. Official Journal of the European

Communities L140, 10-22. http://eur-lex.europa.eu/legal-

content/EN/TXT /?uri=CELEX%3A32002L0032 [cited 18 September 2017]

EU, 2003a. Regulation (EC) No 1829/2003 of the European Parliament and of the Council
of 22 September 2003 on genetically modified food and feed. Official Journal of the
European Union L268, 1-23. http://eur-lex.europa.eu/legal-

content/en/ALL/?uri=CELEX:32003R1829 [cited 18 September 2017]

48



EU, 2003b. Regulation (EC) No 1830/2003 of the European Parliament and of the Council
of 22 September 2003 concerning the traceability and labelling of genetically
modified organisms and the traceability of food and feed products produced from
genetically modified organisms and amending Directive 2001 /18/EC. Official

Journal of the European Union L268, 24-28. http://eur-lex.europa.eu/legal-

content/en/ALL/?uri=CELEX%3A32003R1830 [cited 18 September 2017]

EU, 2003c. Regulation (EC) No 2160/2003 of the European Parliament and of the Council
of 17 November 2003 on the control of salmonella and other specified food-borne
zoonotic agents. Official Journal of the European Union L325, 1-15. http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:L:2003:325:0001:0015:EN:PDF

[cited 18 September 2017]

EU, 2004a. Regulation (EC) No 882/2004 of the European Parliament and of the Council of
29 April 2004 on official controls performed to ensure the verification of compliance
with feed and food law, animal health and animal welfare rules. Official Journal of the
European Union L191, 1-52. http://eur-lex.europa.eu/legal-

content/EN/TXT /?uri=celex:32004R0882R(01) [cited 18 September 2017]

EU, 2004b. Commission Regulation (EC) No 911/2004 of 29 April 2004 implementing
Regulation (EC) No 1760/2000 of the European Parliament and of the Council as
regards eartags, passports and holding registers. Official Journal of the European

Union L163, 65-70. http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32004R0911&from=EN [cited 18 September
2017]

EU, 2006. Council Directive 2006/88/EC of 24 October 2006 on animal health
requirements for aquaculture animals and products thereof, and on the prevention
and control of certain diseases in aquatic animals. Official Journal of the European

Union L328, 14-56. http://eur-

49



lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:L:2006:328:0014:0056:en:PDF

[cited 18 September 2017]

EU, 2007a. Council Directive 2007 /43 /EC of 28 June 2007 laying down minimum rules for
the protection of chickens kept for meat production. Official Journal of the European
Union 1182, 19-28. http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:1:2007:182:0019:0028:EN:PDF

[cited 18 September 2017]
EU, 2007b. Council Regulation (EC) No 834/2007 of 28 June 2007 on organic production
and labelling of organic products and repealing Regulation (EEC) No 2092/91.

Official Journal of the European Union 1.189, 1-23. http://eur-lex.europa.eu/legal-

content/EN/TXT /?uri=celex%3A32007R0834 [cited 18 September 2017]

EU, 2008a. Council Directive 2008/71/EC of 15 July 2008 on the identification and

registration of pigs. Official Journal of the European Union L213, 31-36. http://eur-

lex.europa.eu/legal-content/EN/TXT/PDF /?uri=CELEX:32008L0071&from=en

[cited 18 September 2017]

EU, 2008b. Commission Regulation (EC) No 889/2008 of 5 September 2008 laying down
detailed rules for the implementation of Council Regulation (EC) No 834/2007 on
organic production and labelling of organic products with regard to organic
production, labelling and control. Official Journal of the European Union L250, 1-84.

http://eur-lex.europa.eu/legal-content/en /TXT /?uri=CELEX%3A32008R0889

[cited 18 September 2017]

EU, 2008c. Commission Regulation (EC) No 1235/2008 of 8 December 2008 laying down
detailed rules for implementation of Council Regulation (EC) No 834/2007 as
regards the arrangements for imports of organic products from third countries.

Official Journal of the European Union L334, 25-52. http://eur-lex.europa.eu/legal-

content/EN/TXT /?uri=celex:32008R1235 [cited 18 September 2017]

50



EU, 2009a. Commission Regulation (EC) No 669/2009 of 24 July 2009 implementing
Regulation (EC) No 882/2004 of the European Parliament and of the Council as
regards the increased level of official controls on imports of certain feed and food of
non-animal origin and amending Decision 2006/504 /EC. Official Journal of the

European Union 1.194, 11-21. http://eur-lex.europa.eu/legal-

content/EN/TXT/?qid=1489610426647&uri=CELEX:32009R0669 [cited 18

September 2017]

EU, 2009b. Commission Regulation (EC) No 710/2009 of 5 August 2009 amending
Regulation (EC) No 889/2008 laying down detailed rules for the implementation of
Council Regulation (EC) No 834/2007, as regards laying down detailed rules on
organic aquaculture animal and seaweed production. Official Journal of the European
Union L204, 15-34. http://eur-lex.europa.eu/legal-

content/EN/TXT/?qid=1489330936035&uri=CELEX:32009R0710 [cited 18

September 2017]

EU, 2009c. Regulation (EC) No 767/2009 of the European Parliament and of the Council of
13 July 2009 on the placing on the market and use of feed, amending European
Parliament and Council Regulation (EC) No 1831/2003 and repealing Council
Directive 79/373/EEC, Commission Directive 80/511/EEC, Council Directives
82/471/EEC, 83/228/EEC, 93/74/EEC, 93/113/EC and 96/25/EC and Commission
Decision 2004/217/EC. Official Journal of the European Union L229, 1-28.

http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:1:2009:229:0001:0028:EN:PDF

[cited 18 September 2017]

EU, 2009d. Commission Decision of 28 September 2009 drawing up a list of approved
border inspection posts, laying down certain rules on the inspections carried out by
Commission veterinary experts and laying down the veterinary units in Traces

(2009/821/EC). Official Journal of the European Union L296, 1-58. http://eur-

51



lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:L:2009:296:0001:0058:EN:PDF

[cited 18 September 2017]

EU, 2011a. Commission Regulation (EU) No 517/2011 of 25 May 2011 implementing
Regulation (EC) No 2160/2003 of the European Parliament and of the Council as
regards a Union target for the reduction of the prevalence of certain Salmonella
serotypes in laying hens of Gallus gallus and amending Regulation (EC) No
2160/2003 and Commission Regulation (EU) No 200/2010. Official Journal of the

European Union 1.138, 45-51. http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32011R0517&from=EN [cited 18 September

2017]

EU, 2011b. Commission Regulation (EU) No 619/2011 of 24 June 2011 laying down the
methods of sampling and analysis for the official control of feed as regards presence
of genetically modified material for which an authorisation procedure is pending or
the authorisation of which has expired Text with EEA relevance. Official Journal of
the European Union L166, 9-15. http://eur-lex.europa.eu/legal-

content/EN/TXT /?uri=CELEX%3A32011R0619 [cited 18 September 2017]

EU, 2012. Commission Implementing Regulation (EU) No 505/2012 of 14 June 2012
amending and correcting Regulation (EC) No 889/2008 laying down detailed rules
for the implementation of Council Regulation (EC) No 834/2007 on organic
production and labelling of organic products with regard to organic production,

labelling and control. Official Journal of the European Union L154, 12-19. http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:1:2012:154:0012:0019:EN:PDF

[cited 18 September 2017]

EU, 2013a. Commission Regulation (EU) No 68/2013 of 16 January 2013 on the Catalogue
of feed materials. Official Journal of the European Union L29, 1-64. http://eur-
lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32013R0068 [cited 18 September

2017]

52



EU, 2013b. Commission Implementing Regulation (EU) No 503/2013 of 3 April 2013 on
applications for authorisation of genetically modified food and feed in accordance
with Regulation (EC) No 1829/2003 of the European Parliament and of the Council
and amending Commission Regulations (EC) No 641/2004 and (EC) No 1981/2006.

Official Journal of the European Union, L157, 1-48. http://eur-lex.europa.eu/legal-

content/EN/ALL/?uri=CELEX%3A32013R0503 [cited 18 September 2017]

EU, 2014. Commission Regulation (EU) No 217/2014 of 7 March 2014 amending

Regulation (EC) No 2073/2005 as regards Salmonella in pig carcases. Official Journal

of the European Union L69, 93-94. http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32014R0217&from=EN [cited 18 September

2017]

EU, 2015. Directive (EU) 2015/412 of the European Parliament and of the Council of 11
March 2015 amending Directive 2001/18/EC as regards the possibility for the
Member States to restrict or prohibit the cultivation of genetically modified
organisms (GMOs) in their territory. Official Journal of the European Union L68, 1-8.

http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:320151L.0412&from=EN [cited 18 September

2017]

EU, 2016. Commission Implementing Regulation (EU) No 1358/2014 of 18 December
2014 amending Regulation (EC) No 889/2008 laying down detailed rules for the
implementation of Council Regulation (EC) No 834/2007 as regards the origin of
organic aquaculture animals, aquaculture husbandry practices, feed for organic
aquaculture animals and products and substances allowed for use in organic
aquaculture. Official Journal of the European Union L365, 97-102. http://eur-

lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=0]:JOL 2014 365 R 0013&from=EN [cited 18

September 2017]

53



Europa, 2016. Identification and Registration of Pigs. Publications Office of the European

Union, Luxembourg, Luxembourg. http://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=URISERV:sa0001#KEY [Cited 11 March 2017]

FEFAC, 2016. Feed and Food Statistical Yearbook 2015 (updated 2016). European Feed

Manufacturers' Federation, Brussels, Belgium. http://www.fefac.eu/files/72357.pdf

[cited 11 March 2017]

Ferrante, V., Baroli, D., Lolli, S., & Mauro, F. di., 2008. Broilers Welfare, Health and
Production in Organic and Conventional Systems. Paper presented at the Second
Scientific Conference of the International Society of Organic Agricultural Research
(ISOFAR), Modena, Italy.

FiBL (2011). Organic Pig Production in Europe: Health Management in Common Organic
Pig Farming. Research Institute of Organic Agriculture (FiBL), Frick, Switzerland.
https://shop.fibl.org/chen/mwdownloads/download/link/id/513/ [cited 18
September 2017]

Gratzer, E., Whistance, L.K,, Ivemeyer, S., March, S., Brinkmann, ]., Hansen, B., & Winckler,
S., 2012. Assessing animal health and welfare in organic dairy farming - A baseline
study in seven European countries. Organic Agriculture. Manuscript submitted for
publication.
http://www.coreorganic2.org/upload/coreorganic2 /document/gratzer baselinestu

dy aniplan manuscript withtables.doc [cited 18 September 2017]

Hoerning, B., Simantke, C., Aubel, E., 2005. Investigations on Dairy Welfare and Performance
on German Organic Farms. Paper presented at the First Scientific Conference of the
International Society of Organic Agriculture Research (ISOFAR). Adelaide, Australia.
http://orgprints.org/4371/1/4371-Hoerning etal 4p revised-ed.pdf [cited 18
September 2017]

James, C.,, 2016. Global Status of Commercialized Biotech/GM Crops: 2016 (ISAAA Brief 52-

2016). International Service fo Acquisition of Agri-biotech Applications, Ithaca, NY.

54



https://www.isaaa.org/resources/publications/briefs /52 /download /isaaa-brief-

52-2016.pdf [cited 18 September 2017]

Leenstra, F., Maurer, V., Bestman, M., van Sambeek, F., Zeltner., E., Reuvekamp, B, et al,,
2012. Performance of commercial laying hen genotypes on free range and organic
farms in Switzerland, France and the Netherlands. British Poultry Science, 53(3),
282-290.

Luangtongkum, T., MorisHla, T.Y., Ison, A.]., Huang, S., McDermott, P.F., Zhang, Q., 2006.
Effect of conventional and organic production practices on the prevalence and
antimicrobial resistance of Campylobacter spp. in poultry. Applied and
Environmental Microbiology 72(5), 3600-3607.

MAGRAMA, 2015. Agricultura Ecolégica, Estadisticas 2015. NIPO: 280-15-119-2 (Spanish)
[Organic Farming Statistics 2015].
http://www.mapama.gob.es/es/alimentacion/temas/la-agricultura-

ecologica/estadisticaseco2015connipoymetadatos ttm7-435957.pdf  [cited 18

September 2017]

MARLON, 2015. MARLON - Monitoring the Safety of Animal Feed [website]. MARLON
Project, c/o SPI, Porto, Portugal. http://www.marlon-project.eu/ [cited 18
September 2017]

Millet, S., Raes, K., van den Broeck, W., de Smet, S., Janssens, G.P.]., 2005. Performance and
meat quality of organically versus conventionally fed and housed pigs from weaning
till slaughtering. Meat Science 69, 335-341.

Mueller, U., Sauerwein, H., 2010. A comparison of somatic cell count between organic and
conventional dairy cow herds in West Germany stressing dry period related
changes. Livestock Science 127(1), 30-37.

OrAqua, 2016. OrAqua Newsletter No 3 (February 2016). IFREMER, Palavas-les-Flots,

France.

55



https://www.oraqua.eu/content/download/95252/1153924 /file/Newsletter+n%C

2%B03+February+2016.pdf?version=1 [cited 18 September 2017]

Pelaez, V., Aquina, D., Hofman, R., Melo, M., 2010. Implementation of a traceability and
certification system for non-genetically modified soybeans: The experience of
Imcopa Co. in Brazil. International Food and Agribusiness Management Review, 13(1),
27-44.

Salcedo Diaz, G., 2004. Suplementacion de Vacas Lecheras en Pastoreo (Spanish)
[Supplementation of Cows at Pasture].
https://www.researchgate.net/publication/266736049 Suplementacion de vacas |

echeras en pastoreo Conferencia en la Universidad Menendez Pelayo Santander

Espana 2003 [cited 18 September 2017]

Sosnowka-Czaja, E., Herbut, E., Skomorucha, 1., 2010. Effect of different housing systems
on productivity and welfare of laying hens. Annals of Animal Science 10, 349-360.

Sundrum, A., 2001. Organic livestock farming: A critical review. Livestock Production
Science 67,207-215.

Van Horne, P.L.M., 2007. Trade in live poultry within the European Union. In Healthy
Poultry, Results of the Project. Healthy Poultry Project, c/o Wageningen University,
Wageningen, The Netherlands. http://www.healthy-

poultry.org/Results%200f%20the%20project/chapter4.pdf [cited 18 September

2017]

Van Overbeke, [., Duchteau, L., De Zutter, L., Albers, G., Ducatelle, R., 2005. A comparison
survey of organic and conventional broiler chickens for infectious agents affecting
health and food safety. Avian Diseases, 50, 196-200.

VLOG, 2016. Starke Dynamik bei Milch “Ohne Gentechnik” (16.11.2016)(German) [Strong
Dynamics for Milk Produced without Gene Technology]. VLOG - Verband Lebensmittel

ohne Gentechnik, Berlin, Germany.

56



http://www.ohnegentechnik.org/aktuelles /nachrichten/2016 /november/starke-

dynamik-bei-milch-ohne-gentechnik/ [cited 18 September 2017]

VLOG, 2017. Produktdatenbank Siegelnutzer (German) [Product Database of Label Users]

http://www.ohnegentechnik.org/ohne-gentechnik-siegel /produktdatenbank-
siegelnutzer/7e0abbc8e758d8038e31eaccc0260727 /?tx vlogproducts plugin%5Ba
ction%5D=list&tx vlogproducts plugin%5Bcontroller%5D=Product [cited 18
September 2017]

Zubiaurre, C., 2013. The current status and future perspectives of European organic
aquaculture. Aquaculture Europe 38(2), 14-21.
https://ec.europa.eu/agriculture/organic/sites/orgfarming/files /ae-vol38-2-

feature.pdf [cited 18 September 2017]

57



LISTING OF TABLES

Table 1 - Use of feed materials (1,000 tonnes) for compound feed production in the EU in
2015a.
Table 2 - Main countries of origin outside the EU-27 for feed materials used in The

Netherlands in 2011

58



Table 1 - Use of feed materials (1,000 tonnes) for compound feed production in the

EU in 20152

Cereals

Tapioca

Co-products from food industry

Corn gluten feed

Dried distillers grain and solubles (DDGS)

Molasses
Dried sugar beet pulp
Citrus pulp
Oils and fats
Oilcakes and meals
Pulses
Animal meals
Dairy products
Dried forage
Minerals, vitamins, etc.
Miscellaneous

Total

a data from FEFAC, 2016; © fishmeal

74,113

17,507

2,847

43,890

2,070

455

1,142

2,366

4,821

5,700

154,916

10,700

478

633

1,516

996

339

25,844

165

279¢b

1,993

42,943
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Table 2 - Main countries of origin outside the EU-27 for feed materials used in the

Netherlands in 2011

Feed material |Country of origin |Diet inclusion rate, % "

S e R

Wheat Ukraine, Russia 15.9 24.5 0.6
Barley Ukraine 23.0 4.3 0.3
Maize Ukraine, Russia, 15.0 36.1 3,0

Argentina, Brazil,

USA
Maize co- USA 0.6 0.3 14.3
products
Soybean meal Argentina, Brazil 7.0 12.1 8.3
Sunflower seed Argentina 4.9 4.0 6.9
meal
Palm kernel  Indonesia, Malaysia 1.4 0.0 19.1
expeller
Lupins Australia 0.0 0.0 0.0
Soybeans Brazil, Canada, 0.0 4.6 0.0
Paraguay, Uruguay,
USA
Rapeseed Ukraine 0.0 0.0 0.0
Other seeds  Argentina, Brazil, 0.0 0.0 0.0
Canada, USA
Citrus pulp Brazil, USA 0.0 0.0 8.2

60



Molasses, cane India, Thailand, USA 1.5¢ 0.1¢ 3.1c¢

Molasses, beet Egypt 1.5¢ 0.1¢ 31¢
Copra fat Philippines 0.0 0.0 0.0
Palm oil Indonesia 0.9 0.0 0.2
Soybean oil  Argentina 0.2 0.8 0.0
Mixture of fats Indonesia, USA 0.0 0.7 0.0

a, derived from data on total import, relative dispatch within the EU, and import from outside the EU, includes
major countries of origin of a large number of feed materials on the basis of CN codes extracted from the
Eurostat database.

b, data from Bikker (2010), may be subject to annual variation due to variable sourcing

¢, molasses in general (including beet and cane molassess), beet- or cane source not specified
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Research highlights:

e EU regulations enable tracing of livestock in production chains focusing on animal
identification and infectious diseases.

e Structures of different livestock sectors vary within the EU, but production practices are
similar for large-scale producers.

e |tis not possible to trace all feed in the EU back to the farm of origin, to quantify the
distribution and proportion of GMOs.

e Available data indicate the majority of GM feed materials are correctly labelled.

e Organic systems and other certified GMO-free-feed employing practices prohibit the use of

GM feed, providing a possibility to examine production chains without the use of GMOs.





