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Abstract

The intensification of agricultural production in the last century has resulted in a
significant loss of biodiversity, environmental problems and associated societal costs.
The use of shorter rotations or monocropping and high levels of mineral fertilisers,
pesticides and crop growth regulators may also have had negative impacts on food
quality and safety. To reverse the negative environmental and biodiversity impacts of
agricultural intensification, a range of different ‘low input’ farming systems have been
developed and are now supported by EU and government support schemes. A range
of recent reviews concluded that switching to low input, integrated or organic farming
practices results in significant environmental benefits and increased biodiversity in
agro-ecosystems. Some recent studies also reported higher levels of nutritionally
desirable compounds (e.g. vitamins, antioxidants, mineral nutrients) in foods from
organic and ‘flow input’ production systems compared to food from conventional
systems. The increasing demand and current price premiums achieved by foods from
low input and especially organic production systems were shown to be closely linked
to consumer perceptions about nutritional and health benefits of such foods. However,
there are other studies reporting no significant differences in composition between low
input and conventional foods, or inconsistent results.

There is currently a lack of (a) factorial studies, which allow the effect of individual
production system components (e.g. rotation design, fertility management, crop health
management, variety choice) on food composition to be assessed and (b) dietary
intervention or cohort studies which compare the effect of consuming foods from
different production systems on animal and/or human health. It is therefore currently
not possible to draw overall conclusions about the effect of low input production on
food quality and safety. This paper will (a) describe the range of organic and other ‘low
input’ standards, certification and support systems currently used, (b) summarise the
currently available information on effects of organic and other low input crop
production systems on the environment, biodiversity and food quality, and (c) describe
the methodologies and results from subproject 2 of the EU-funded Integrated project
QualityLowlnputFood. This project focused on improving our knowledge about the
effect of organic and low input crop and livestock production systems on food quality
and safety parameters.
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Introduction

One important reason for the increasing demand for foods from organic and low input
production systems is the environmental, biodiversity and animal welfare benefits
associated with these systems. Crop and livestock production in much of Western and
Central Europe underwent major changes during the second half of the 20" century as
a result of the intensification of agriculture (Stoate et al., 2001; PySek et al., 2005). In
crop production, there was an increase in the use of water soluble, mineral N, P and K
fertilisers and chemosynthetic crop protection products (herbicides, pesticides and
fungicides and growth regulators). This coincided with the development of new crop
varieties with higher yield potential especially under high input conditions (e.g. winter
wheat varieties, which produced shorter stems and higher yields, due to the
introduction of dwarfing genes) (Borojevic 2005; Verma et al. 2005). In addition, the
diversity of cropping systems was reduced, with fields merged into larger units, field
margin vegetation reduced, and shorter and less diverse rotations or even mono-
cropping systems introduced. Also, spring sown arable crops were increasingly
replaced by winter crops (Stoate et al., 2001; PySek et al., 2005). These changes
resulted in significant increases in crop yields and certain quality characteristics (e.g.
protein content and baking quality in wheat) (Borojevic 2005; Verma et al. 2005).

However, more recently a range of negative environmental impacts and associated
societal costs of “high input” production systems have been identified. These include
(a) increased surface and ground water pollution from leaching and/or run-off of
mineral N and P fertilisers and chemosynthetic crop protection products (Porter et al.
1993; Drinkwater et al. 1998; Stolze et al. 2000; PAN 2002), (b) reduced biodiversity
of bird, invertebrate and non-crop plant populations in agricultural eco-systems
(Eggers 1984; Stoate 2001; Bengtsson 2005; Critchley et al. 2004&2006; Pysek et al.,
1991 & 2005; Berry et al. 2005; Fuller et al 2006) (c) a contribution to the depletion of
the atmospheric ozone layer by the soil disinfectant methyl-bromide (Butler et al.
2002) and (d) increased energy use and associated CO, carbon emissions (Helsel
1992; Fluck 1992; Dubois et al. 1999; Cormack 2000; Pretty et al. 2002).

The impacts of agricultural intensification of the environment can also be linked to
negative effects on important agronomic parameters. For example, there is increasing
evidence that soil biological activity, organic matter content, structural stability/erosion
resistance and inherent fertility (level of yield obtained per unit fertiliser input) has
decreased in soils used for ‘high input’ crop production (Matson et al. 1997; Reganold
et al. 1987&2001; FlieRbach & Mader 2000; Mader et al. 2002; Hartmann 2006).
Natural ecological/biological processes that increase the availability of mineral
nutrients in soil (e.g. nitrogen fixation, and P and micronutrient uptake via symbiotic
mycorrhizal fungi) and protect crops against pests and diseases (e.g. natural enemies
of pests and antagonists of soil borne diseases) were also shown to be inhibited by
specific agrochemical inputs (Mallarino & Wedin 1990; Sattelmacher et al. 1991;
Ledgard & Steele 1992; Hagh-Jensen & Schjgrring 1997; Whalen et al. 1998; Esjberg
et al. 2002; Oehl et al. 2003; Hartmann 2006).

In livestock production, there has been an increase in “indoor” production systems,
stocking densities, flock sizes and feeding of energy and protein concentrate feeds.
This has been accompanied by an increase in the use of veterinary medicines and
growth promoters (e.g. antibiotics, anthelmintics), and pesticides (e.g.
organophosphorus sheep dips) throughout the developed world, and animal growth
hormones in North America (Vaarst et al. 2004; Diaz-Gonzalez 2007; Hirt & Zeltner
2007; Sundrum 2007; Biavati & Santini 2007; Klocke & Walkenhorst 2007; Weller et al



2007). The increase in external input use paralleled changes in the type of livestock
breeds (e.g. a rapid expansion in the use of Holstein Friesian genotypes at the
expense of local/traditional breeds) and breeding strategies (e.g. the introduction of
hybrid breeding programmes in pork and chicken production)( Vaarst et al. 2004; Hirt
& Zeltner 2007)

These changes resulted in significant increases in the productivity of animals (e.g.
liters of milk per cow; numbers of eggs per laying hen), and in livestock output per unit
land area. The intensification of livestock production was also associated with reduced
lifespan for many types of livestock, due to animals reaching slaughter weights,
becoming non-productive or showing reductions in fertility earlier (Younie & Wilkinson
2001; Vaarst et al 2004).

In addition, the intensification of livestock production systems resulted in significant
environmental burdens, such as erosion, overgrazing, nutrient pollution and increased
animal health and welfare problems (Vaarst et al. 2004; Cooper et al 2007)

A range of ‘low input’ production strategies/standards/schemes have been developed
to reverse or minimise the negative environmental, biodiversity and animal welfare
impacts of intensification. These can be divided broadly into 3 groups (a) organic
farming standards (EU 1991 & 1997), (b) integrated/low input and/or animal welfare
based standards/certification schemes (e.g. Farm assured, LEAF 2006, GAP, Nature’s
choice, free-range) (EFSIS 2006, LEAF 2006, Eurepgap 2006, TESCO 2006) and (c)
government agri-environment schemes/standards (e.g. UK countryside stewardship
scheme, Swiss Verordnung Uber die Direktzahlungen an die Landwirtschaft) (DEFRA
2006a&b; Swiss Federal Office for Agriculture 2006). It should be noted that there is
some overlap between organic and other ‘low input’ certification schemes under (a)
and (b) and government agri-environment schemes. Most importantly organic and
integrated quality assurance schemes often qualify for support payments under
government agri-environment schemes. However, the level of restrictions on the use
of ‘inputs’ (e.g. mineral N and P fertilisers, chemosynthetic pesticides, plant growth
regulators) and level of definition/prescription of production practices (e.g. tillage,
cropping systems/rotations, field margin/non-crop vegetation management) that need
to be introduced to counteract/reverse negative impacts of intensification differ
between certification schemes and standards.

Another main reason for the increasing demand for “low input” foods and the price
premiums achieved by organic foods, is the consumer perception that they are
“healthier”, “more nutritious”, “tastier” and “safer” than foods from intensive
conventional production systems (Anonymous 1998, Oughton & Ritson 2007).
However, until now scientific investigations have not been of sufficient scale and
design to provide a definitive understanding of the extent to which agricultural
production systems affect these qualities (Woese et al. 1997; Brandt & Mglgaard
2001; Anonymous 2002; Cooper et al. 2007). Also, there are currently no organic or
‘low input’ production standards and/or government support schemes that focus
specifically on reversing potential negative impacts of agricultural intensification on the
nutritional and sensory quality and safety of foods.

The main aim of subproject 2 of the Integrated Project QualityLowInputFood (QLIF,
www.qlif.org/) is therefore:

- to quantify the effect of organic and “low input” prodction methods on food quality
and safety and human/animal health impacts associated with the consumption of
foods/feeds from low input systems


http://www.qlif.org/

Subproject 2 was subdivided into 3 main workpackages (WPs) which in turn focused
on the following specific objectives:

WP2.1 Effect of crop management practices (organic, “low input” and conventional) on
the nutritional quality of foods

WP2.2 Effect of livestock management practices (organic, “low input’ and
conventional) on the nutritional quality and safety of foods

WP2.3 Effect of organic food consumption on livestock and human health

The background and current “state of the art” with respect to these objectives is
described in separate sections below.

WP2.1 Effect of crop management practices (organic, “low input’ and
conventional) on the nutritional quality of foods

In European and North American diets, foods derived from crop plants contribute
substantially to satisfying the recommended dietary intake of some essential minerals
(Ca, Mg, Fe, Se, Cu, Zn, etc.) and vitamins (vitamin C, beta-carotene, folate etc.). It
was also shown that supplementation of foods with the same compounds in the form
of pills does not provide the same benefits to health as increasing the intake of the
plant foods (Pool-Zobel et al. 1997). There is also a growing consensus that increased
consumption of whole grain cereals and fresh vegetables and fruit will improve human
health in many developed countries (e.g. Ness & Powles 1997; Veer et al., 2000;
Michels & Wolk 2002; Liu et al., 2003; Hannum 2004; Seal 2006).

However, there is still controversy about which compounds in plants are responsible
for the beneficial health impacts associated with increased fruit and vegetable
consumption. Crops contain secondary metabolites (e.g. phenolics, glucosinolates,
other organic sulphur compounds, sesquiterpene lactones, fructans) which have
beneficial physiological/pharmacological properties such as anti-neoplasia, antioxidant
and anti-allergic effects, platelet aggregation inhibition, interference with cancer
promotion mechanisms and pro-biotic activity (Wattenberg et al., 1980; Frankel et al.,
1993; Rice-Evans et al., 1996; Bernart et al., 1996; Waterhouse et al., 1998; Kim et
al.,, 1999; Hecht 1999; Ernst & Feldheim 2000). These compounds are therefore
thought to be involved in the well documented beneficial effects of vegetable
consumption on health (Pool-Zobel et al., 1997; Ness & Powles 1997; Van Poppel et
al.,, 1999; Veer et al., 2000; Greenvald et al., 2001; Briggs et al., 2001). However,
there is little knowledge about the relative nutritional value of individual compounds in
plant foods, when they are eaten as part of a typical European or North American diet.
Many of these compounds are also important for the sensory quality of fruit and
vegetables, in particular the secondary metabolites, which define characteristic
flavours, aromas and colours of each product. However, there are only a very small
number of sound scientific studies comparing sensory quality between organic and
conventional crops (Méader et al., 1993; Reganold et al., 2001; Brandt & Mglgaard
2001; Wszelaki 2005)

On the other hand, crop plants may contribute significantly to the intake of a range of
undesired compounds, which are considered hazardous if consumed in too high
quantities. This includes nitrate (> 60% of nitrate is taken up with cereals and
vegetables) (McKnight et al. 1999; Leifert 2000), heavy metals (e.g. lead and



cadmium) (Karavoltsos et al., 2002; Shimbo et al., 2001), pesticide residues (Baker et
al., 2002; Benbrook 2002) and mycotoxins (Schollenberger et al., 1999; Obst et al.,
1998). Some secondary plant metabolites are also known to have negative impacts on
health when they occur in too high concentrations, e.g. glycoalkaloids, glucosinolates
and polyacetylenes (Rosa et al., 1998).

Many compounds mentioned above show substantial variations in content in
comparable foods, and several hypotheses have been published on how the
production system, in particular organic farming as compared with conventional
farming, could affect nutritional value and/or other qualities (e.g. Avery 1998;
Trewavas 2001 & 2004; Brandt & Mglgaard 2001).

Several studies and reviews have indicated systematic differences in concentrations
of minerals, essential amino acids, vitamins, secondary metabolites and mycotoxins in
crops produced in different production systems (conventional, ‘low input’ and/or
organic) or specific components (e.g. fertility practices) of such systems (Leclerc et al.,
1991; Pither 1990; Woese et al., 1997; Mayer 1997; Schollenberger et al., 1999; Ren
et al. 2001a; Birzele et al., 2002; Asami 2003; Lombardi-Boccia 2004). Sensory and
technical quality has also been shown to vary with production system (Mader et al.,
1993; Weibel et al., 2000; Reganold et al., 2001; Pedersen et al., 2001). However,
other studies report no significant differences or inconsistent results (Basker 1992;
Jorhem & Slanina 2000; Fjelkner-Modig et al., 2001; Malmauret et al., 2002; Bourn &
Prescott 2002; Carbonaro et al., 2002). Also, many of these studies did not use
organic and conventional samples matched for potentially confounding factors such as
variety, area of origin, soil and climatic conditions during production and/or length of
storage, which are also known to affect the chemical composition of crops (Locasio et
al., 1984; Vogtmann et al., 1993; de Meeus et al., 2002; Asami 2003). Furthermore,
many studies did not take into consideration the considerable variation in agronomic
practices within each cultivation system (Brandt & Malgaard 2001).

On the other hand, concerns were raised by scientists about increased health risks
associated with enteric pathogen transfer and contamination with noxious compounds
(e.g mycotoxins or heavy metals) in organic and ‘low input’ production systems
associated with the use of animal manures and omission of pesticides (e.g. Trewevas
2001, Finamore et al., 2004). There is currently insufficient data to substantiate or
dismiss these concerns, and there is therefore a need for controlled experiments to
identify and quantify mycotoxin and enteric pathogen contamination risks in different
crop production systems.

It is known that deleterious effects of toxicants can be either enhanced or reduced by
other compounds, but most possible interactions are unknown, and with today’s
knowledge it is impossible to predict the resulting effect on health when the levels of
many different compounds change simultaneously (Furst 2002).

From the currently available information, it is therefore not possible to conclude to
what extent overall production system and specific production system components
affect the content of nutritionally relevant compounds in crops. However, even
relatively small systematic differences in food composition can have significant effects
on health. For example a 20% increase in the most important health promoting
compounds in vegetables was calculated to correspond to an increase in vegetable
consumption from 250g/day to 300 g/day, which would lead to 6 months longer life
expectancy (Gundgaard et al. 2002, using data from Veer et al. 2000). It is therefore
essential to establish long-term factorial experiments which minimise confounding



factors and allow the effect of principal production system components (rotation
design, soil management, fertilisation and crop protection methods) to be identified.

In the QLIF-IP such experiments were established as part of WP2.1 and focused
on identifying the effect of, and interactions between, four principal production system
components (rotation design, fertilisation regimes, crop protection practices and
variety/rootstock choice) on (a) crop yield, (b) pest, disease and weed pressure (and
associated need for crop protection inputs) and (c) crop quality parameters (including
contents of mycotoxins, pesticide residues, minerals, vitamins, antioxidants and other
secondary plant metabolites). Experiments used factorial designs thus allowed
interactions between factors to be identified (see e.g. Leifert et al. 2007). However,
they also allowed comparisons to be made about the effect of growing crops
according to organic, low input and conventional standards, on crop yield, health,
quality and safety parameters.

Work under WP2.1 focused on arable (wheat, potato), field vegetable (cabbage,
lettuce, onion) and greenhouse crops (tomato). In associated studies that were not
part of the QLIF project barley, wheat and carrots were studied. Work on specific
commodities under WP2.1 was closely integrated with workpackages under SP3
aimed at improving organic and low input production systems for wheat (WP3.5.2),
lettuce (WP3.4) and tomato (WP3.3.2, WP3.5.3)(see also summary paper and WP-
specific papers for SP3).

Complete data sets from 2 field seasons are now available for some commodities (e.g.
wheat, potato and tomato) and some results have been reported (see Lehesranta et al
2007; Cooper et al 2006 and these proceedings; Lueck et al 2006 and these
proceedings; Giotis et al 2006; Theodoropoulou these proceedings).

One of the main overarching results was that mineral, mycotoxin, protein and
secondary metabolite levels and composition can be significantly affected by one or
more of the four main production system components (rotation design, fertilisation
regime, crop protection practice and variety/rootstock choice) included in studies. For
example, protein profiles in potato were only significantly affected by fertility
management, while crop protection practices and rotational position (whether potato
were grown after wheat or grass clover) had no significant effect (Lehesranta et al.
2007). On the other hand, protein content in wheat was significantly increased by
conventional fertility management, but reduced by conventional crop protection
practices (C. Leifert unpublished). For a range of compounds plant analyses showed
significant interactions between crop protection (use or non use of chemosynthetic
pesticides) and fertilisation practices (fertilisation based on organic matter or
chemosynthetic mineral NPK fertilisers).

In several cases, such interactions resulted in low input systems (which omitted either
mineral fertiliser or pesticide use compared to conventional systems which used both)
showing the highest level of undesirable compounds (e.g. mycotoxin loads and
pesticide residues in wheat; Lueck et al these proceedings). This indicates that with
respect to certain quality parameters, foods produced in “integrated” or “low input’
crop protection systems are inferior to both organic and conventional systems.

For one processing quality parameter (protein content in wheat, which is closely
correlated to bread making quality) studies under WP2.1 consistently showed lower
levels in the organic compared to the conventional production systems. However,
studies under WP3.5.2 showed that the use of long-straw wheat varieties and
improved management of grass-clover leys preceding wheat crops can increase both



yields and protein levels of bread making wheat (see Wilkinson et al. 2006 and these
proceedings).

Also, in some crops (e.g. cereals), the use of mineral fertiliser based fertilisation
regimes increased the susceptibility of plants to diseases (e.g. powdery mildew,
lodging and Fusarium spp.), while the same disease remained at very low levels when
organic fertility management practices were used (see Cooper et al 2006 and these
proceedings for further information). This supports the hypothesis that the use of
highly water soluble, and therefore readily plant available, mineral fertilisers
(especially N-fertilisers) will increase the need for the use of pesticides and other crop
protection products. Crop protection products such as chlorocholine chloride (CCC)
have also been shown to result in significant residues in crops (see Lueck et al. these
proceedings) and have been shown to potentially have negative effects on animal
health (Sorensen et al 2006; Benbrook 2002 & 2007). This provides further evidence
for the hypothesis that increased mineral fertiliser use results in an increased need to
use chemosynthetic pesticides and thereby indirectly affects human health.

Although complete data sets are not yet available for many of the crops included in
trials under WP2.1, the data collected so far support the underlying ecological
hypotheses and the logical framework (see Figure 1) that forms the basis for organic
crop production principles and standards (see e.g. Niggli 2007).

WP2.1 is closely integrated with other WPs under SP2. For example, it provided
samples/materials) for the investigations into the effect of consumption of foods from
organic and conventional farming systems on pig-reproductive health (WP2.3.1), and
immune status in experimental rats (WP2.3.2). First results from these studies are
also included in these proceedings (Baranska et al., Rembialkowska et al. and
Soerensen & Hgjsgaard in these proceedings).

WP 2.2 Effect of livestock management practices (organic, “low input” and
conventional) on the nutritional quality and safety of foods

Results from recent surveys in some European countries suggest that livestock
products (e.g. milk meat, eggs) from organic and “low input” livestock production
systems result in an (a) improved nutritional composition (e.g. Hirt &Zeltner 2007;
Weller et al 2007), (b) lower levels of veterinary medicine (e.g. antibiotic, anthelmintic)
use (e.g. Klocke et al 2007; Maurer et al 2007) and (c) a reduced risk for development
of antibiotic-resistant faecal E.coli (e.g. Hoyle et al 2004) and (d) reduced risk of faecal
E. coli 0157 shedding in the faeces (Diaz-Gonzalez 2007).

On the other hand, concerns were raised by scientists about increased risks of enteric
pathogen transfer associated with extensive outdoor livestock rearing systems and the
use of animal manures from such systems (e.g. Trewevas 2001, Finamore et al.,
2004). Although no scientifically sound scientific evidence were presented it is
important to assess whether or not such concerns are justified.
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Figure 1. Logical Framework for Organic (and other ‘low input’) crop production systems
(redrawn with permission from Leifert et al 2007)



WP2.2.1 Effect of dairy management practices (organic, “low input” and
conventional), and nutritional regime on the nutritional quality, health status
and shelf life of milk

Surveys into the nutritional quality of livestock products (e.g. milk, meat) have
indicated that there may be significant differences in nutritional composition, taste and
shelf life between organic, “low input” and conventional systems (Fedele et al 2001;
Nielsen et al 2002; Butler et al. 2006 and these proceedings). In particular, differences
in livestock feeding regimes appear to affect the composition of nutritionally relevant
components in milk. This includes the fatty acid composition (Dewhurst et al., 2003;
Ellis et al. 2006) and the content of conjugated linoleic acid (CLA) (Chilliard et al.,
2001; Bergamo et al. 2003), which has been linked to a reduced risk of obesity in
humans (Riserus et al., 2001). Animal products with a high content of polyunsaturated
fatty acids, CLA, antioxidants such as carotenoids and vitamin E (compounds which
are often increased in milk from fresh grass forage fed animals) are preferable from a
nutritional point of view, but the same compounds make the food more susceptible to
oxidation, resulting in a greater risk of accumulation of undesirable off-flavours
(Hemingway, 1999, Nielsen et al.,2002; Butler et al. 2006; Hirt & Zeltner 2007;
Sundrum 2007).

However, there is limited information on the relative importance of specific production
system components (breed, feeding and veterinary regimes, husbandry methods) for
differences in quality observed between production systems. In particular, previous
surveys within one country led to opposing conclusions about differences between
organic and conventional milk quality (Lund 1991; Fedele et al 2001; Toledo et al.
2002). This result reflects regional variations in the degree of similarity of management
practices between organic and conventional farmers (Butler et al these proceedings).

QLIF studies under WP2.2.1 clearly demonstrated that milk from organic and low
input, grazing-based dairy production systems have significantly higher levels of the
nutritionally desirable unsaturated fatty acids: vaccenic acid, conjugated linoleic acid
and a-linolenic acid (the main omega-3 fatty acid found in milk) when compared to
milk from conventional production systems (Figure 2, Butler et al. 2006; these
proceedings and unpublished). On the other hand levels of nutritionally undesirable
saturated fatty acids were significantly lower.

Levels of fat soluble antioxidants (a-tocopherol, B-carotene, lutein and zeaxanthine)
were also found at significantly higher levels in milk from organic and low input
production systems. Apart from being linked to potential positive health impacts in
humans, these antioxidants are also known to be important for animal health (e.g.
protection against mastitis) and to prevent the development of off-flavours in milk and
dairy products (Bergamo et al 2003; Butler et al. 2006; these proceedings). It is
interesting to note that the proportion of cows treated with antibiotics against mastitis
was significantly lower in organic and low input herds compared to the conventional
herds included in the study (Butler et al. 2006; these proceedings and
unpublished).The level of difference between organic and conventional production
systems differed between European countries and was greatest in the UK and
smallest in Italy (Butler et al. unpublished).
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Figure 2. Composition of milk from organic farms, relative to that from conventional farms.
SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated
fatty acids; VA, vaccenic acid; CLA, conjugated linoleic acid; a LA, alpha linolenic acid; a
toc, a-tocopherol; Car, carotenoids. ANOVA p values for the difference between organic
and conventional mik: * p<0.05. ** p<0.01. *** p<0.001.

When associations between production system components (dietary regimes, breeds
and health parameters) were investigated via multivariate analyses feed composition
(the levels of grazing, conserved forage and concentrate feeds used) were found to be
most closely related to milk composition, but breed also had an effect (Butler et al.
2006; these proceedings and unpublished).

For dairy production systems the data collected so far provide further support for
the underlying ecological hypotheses and strategies to guarantee animal welfare and
product quality (e.g. the focus on maximising outdoor grazing periods and basing
ruminant diets on forage, rather than energy of protein concentrate feeds), that form
the basis for organic livestock production principles and standards (see e.g. Niggli
2007).

WP2.2.3 Effect of pig management practices (conventional, “low input”’ and
organic) and transport on the risk of pathogen shedding at slaughter.

The shedding of enteric pathogens by livestock at slaughter poses a significant risk for
the transfer of pathogens into the food chain (Hald et al. 1999; Isaacson et al. 1999).
Recent studies showed that the proportion of pigs from organic production systems
testing positive for antibodies against Salmonella was not different from pigs reared in
indoor production systems, while the proportion of antibody positive pigs tended to be
higher in conventional free-range production systems (Hald et al. 1999). However, the
methodologies (test for Salmonella antibodies) used in this and similar studies may
not have accurately reflected pathogen transfer risk (Jones et al. 2001). For example,
when livestock test positive for antibodies against specific enteric pathogens, this may
not be associated with high levels of pathogen shedding in the faeces which is a more



objective indicator of pathogen transfer risk. The presence of antibodies could on the
contrary (i) indicate that the animal has acquired immunity through exposure to the
pathogen at an early development stage and (ii) be associated with low levels of
pathogen shedding. Certain feeding regimes and stress associated with transport of
livestock have also been shown to increase pathogen shedding in pigs (Brunsgaard
1998; Isaacson et al. 1999).

In the QLIF IP these deficiencies in knowledge studies are being addressed under
WP2.2.3 which focuses on identifying if and how production systems affect the risk of
pathogen shedding associated with the high frequency of exposure to enteric
pathogens in free-range production systems.

First results indicate that the antibody tests used to estimate pathogen transfer risk do
not give a true reflection of the level of Salmonella shedding at slaughter. In fact pigs
from organic production systems which show a higher level of positive results in the
Salmonella antibody test (indicating exposure to the pathogen on farms) showed lower
levels of faecal Salmonella contamination at the farm and at slaughter (see Bonde &
Soerensen these proceedings).

WP2.3 Effect of organic food consumption on livestock and human health

Consumer demand for foods produced using organic, and to a lesser extent other ‘low
input’, crop production methods has increased rapidly over the last 20 years
(Anonymous 2002b; Weir & Calverly, 2002; Hamm et al., 2002). Characteristics
known to be associated by consumers with crop foods from ‘low input’ production
systems (and in particular certified organic systems) include "healthier”, “tastier”, “GM-
free”, and/or “protective of the environment and biodiversity” (Kuznesof & Ritson,
1996; Schifferstein & Opuis, 1998; Goodman & Du Puis, 2002; Lockie et al., 2002;
Sanalidou et al., 2002; Zanoli & Naspetti, 2002; Verhoog et al., 2003). Perceived
health benefits associated with organic foods are mainly based on the prohibition of
the use of chemosynthetic pesticides, plant and animal growth regulators and many
food additives (e.g. colourings; hydrogenated fats, processing aids and preservatives)
and the prescribed minimum use of veterinary medicines (Hamm et al., 2002; Zanoli &
Naspetti, 2002; Verhoog et al. 2003). While some physiological effects of foods
produced in different production systems can be assessed in in vitro experiments or
other single factor studies (e.g. Ren et al. 2001b; Grinder-Pedersen et al., 2003; Caris-
Veyrat et al., 2004; Finamore et al., 2004), the fundamental question remains whether
or not the combined effects of the various differences between farming systems can
result in significant overall changes in the nutritional composition of food that are
relevant for human health. It is therefore thought to be important to investigate the
impact of organic, low input and/or conventional food consumption on farms and in
experimental animal models that can indicate the potential for human health impacts.

Under WP3.2 two separate studies were carried out to provide additional information
on the potential effects of consumption of organic and low input foods on animal and
human health:

WP2.3.1. Effect of chlorocholine chloride (CCC) residues in feed wheat on pig
reproductive health/ performance

WP2.3.2 Effect of feeding cereals and vegetables produced in organic, low input and
conventional production systems on the immunological status of rats



WP2.3.1. Effect of ChloroCholine Chloride (CCC) treatments of feed wheat on
pig reproductive health/ performance

Consumer concerns about residues of chemosynthetic pesticides and plant growth
regulators, (PGRs) continue to be a main driver for the increase in demand for foods
from organic and other low input systems. However, while it has been shown that
crops from organic and low input systems contain no or reduced levels of
pesticide/PGRs (e.g. Baker et al., 2002, Lueck et al. these proceedings), there is
substantial controversy about potential health impacts of residues from the currently
permitted crop protection inputs. While certain groups of pesticides that were used
widely in the past (e.g. organochlorines, methyl-bromide) have been associated with
negative environmental and/or health impacts (Laseter & Rea 1983; Sterling &
Arundel 1986; Stephens et al., 1995; Hayer et al., 1998; Thielemans et al., 1999;
Garry et al.,, 1996; Mensink & Katan 1990; Fuglsang et al., 1993; Faustini 1996;
Charlier et al., 2003), pesticide regulators and many scientists argue that these
problems have been addressed by subsequent prohibition or restrictions on the use of
the particular pesticides. However, there is still concern about some substances which
are still permitted for use (e.g. organophosphorus carbamate compounds), additive
effects of pesticide mixtures and/or mixtures of pesticides and other agrochemicals,
and/or recently introduced compounds and their combinations that may have as yet
unidentified negative effects on health (Porter et al., 1993; Boyd et al., 1990; Ohlo
1999; Porter et al.,, 1999; Eskenazi et al. 2000; Thiruchelvam et al., 2000;
Schreinemachers 2000; Alavanja et al., 2003; Curl et al., 2003). In particular the
potential role of pesticides and plant growth regulators in the increasing incidence of
allergies, behavioural disorders and reproductive problems is still considered an open
question by some scientists (Alm et al., 1999; Porter et al., 1999; Tanaka et al., 2001;
Holsapple 2002; Luebke 2002; Wade et al., 2002).

In the QLIF IP this issue was addressed in an animal study under WP2.3.1. Different
to other animal models where negative effects of CCC on reproductive health were
clearly demonstrated (Sorensen et al. 2006), the studies carried out under WP2.3.1
could so far not dtects a significant effect of CCC residues in wheat on pig fertility.
This is described in detail in the paper by Sorensen & Hgjsgaard in these
proceedings.

WP2.3.2 Effect of feeding cereals and vegetables produced in organic, low input
and conventional production systems on the immunological status of rats

There have been a small number of studies, which tested the effect of organic and
conventional foods on health bio-markers in animal tissues, and dietary intake and
bio-availability of specific compounds (e.g. flavonoids, antioxidants) in humans. For
example, a study using rat intestinal and splenic lymphocyte proliferation capacity as a
bio-marker for toxic compounds in feeds, showed that rats fed conventional wheat had
significantly lower lymphocyte proliferation activity than rats fed organically grown
wheat, even though the organic wheat sample used had higher levels of mycotoxins
(Finamore et al., 2004). A Danish cross-over intervention study showed that human
subjects given specific diets composed of organic foods had a 40% higher intake of
flavonoids, but findings were inconclusive with respect to bio-availability and
physiological health impacts (Grinder-Pedersen et al., 2003). In a French study tomato
paste made from organic tomatoes was found to have higher concentrations of vitamin
C and lycopene than paste made from conventional tomatoes, but there were no
differences in the plasma levels of these compounds in a short-term intervention study



in which volunteers were fed tomato paste made from organic and conventional
tomatoes (Caris-Veyrat et al. 2004).

There are virtually no sound data from medium or longer term dietary intervention
studies with animal models or humans, that compare the health effects of food
produced in organic, low input and conventional production systems. The main reason
for this lack of data is the logistical difficulty in ensuring continuous, standardised food
supplies for matching organic, low input and/or conventional groups in diet intervention
studies.

Also, virtually all existing cohort studies were designed primarily to quantify the effect
of dietary composition on health, and not to identify the impact of foods produced by
different production systems. The difficulties of identifying the effect of organic and
conventional food consumption on human health in cohort type studies was shown by
the recent EU-Parcival study which compared the incidence of allergies in children
from families following an anthroposophical lifestyle (which involves a higher level of
organic food consumption) and standard lifestyle (which involved a significantly lower
level of organic food consumption (Alm et al., 1999). While the incidence of allergies
was significantly (around 50%) lower in children from families following an
anthroposophical lifestyle, this could not be clearly linked to organic food consumption,
due to a wide range of other lifestyle differences between the 2 groups (e.g. lower
levels of antibiotic, aspirin/paracetamol and MMR vaccination use, higher incidences
of measles, and longer breast feeding in the anthroposophical group) (Alm et al.,
1999) In another study the reproductive health of members of an organic farmers’
association was found to be better than that of 3 control groups, but it remained
unclear to what extent this was due to organic food consumption (Abel et al. 1994;
Jensen et al. 1996).

Clearly, to address the fundamental question of whether consumption of food from
organic and/or other ‘low input’ systems has a positive effect on health will require the
establishment of new, well designed animal model or human dietary intervention
studies (that test well defined hypotheses with respect to the effect of specific food
compounds on specific health parameters) and/or long-term cohort studies.

In the QLIF IP further knowledge in this area was generated by WP2.3.2. Initial results
are described in detail in two papers in these proceedings (see papers Baranska et al.
and Rembialkowska et al. in these proceedings). They indicate some differences in
immune system activity between rats provided with diets based on organic, low input
and conventional crops from the field experiments established under WP2.1.
However, there also appear to be interactions with both animal age and sex with
respect to the effect of different feeds on immunological status.

Conclusions

While clear benefits from producing foods under organic and/or low input production
standards have been identified for certain commodities (e.g. wheat and dairy
products) further investigations are required to confirm these results and trends can
currently not be generalised to all crop and livestock commodities.
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