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Abstract 

There is increasing evidence for organic and ‘low input’ farming practices resulting in an improved nutritional composition of foods. QLIF workshop 1 will critically evaluate the current scientific knowledge about relative nutritional composition of foods from organic and conventional production systems and the agronomic and processing factors affecting food quality. A summary of major QLIF results and recent literature reviews on the topic is provided in this paper.  

Introduction 

The intensification of agricultural production in the last century has resulted in loss of biodiversity, environmental problems and associated societal costs (Niggli & Leifert 2007; Cooper et al. 2007). Agronomic changes introduced during the intensification of agricultural production were also suspected to have caused with negative effects on food quality. However, until recently there was very little quantitative information to underpin this hypothesis (Cooper et al. 2007). Over the last 10 years a wide range of studies have compared the composition of foods from intensive and organic/’low input’ systems and several recent literature reviews concluded that there are higher levels of nutritionally desirable compounds (e.g. vitamins, antioxidants, polyunsaturated fatty acids) and lower levels of undesirable compound (e.g. pesticides, growth regulators) in foods from organic and ‘low input’ production systems compared to food from conventional systems (Cooper et al. 2007; Brandt 2007; Benbrook et al. 2008). 

Also 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, the exact reasons for these differences in food composition are poorly understood. The QLIF project (www.qlif.org) therefore carried out factorial field experiments and surveys to identify the effect of individual production system components (e.g. animal and crop genetics, nutrition, health management and husbandry) on food composition. It also carried out pilot dietary intervention studies to test the effect of organic food consumption on immune system, behaviour and hormonal regulation using experimental rat models.
Quality of Foods from organic livestock systems
A major focus of livestock production under QLIF was to study the effect of (a) dairy genotype/breed, (b) husbandry methods and especially feeding regimes on milk composition. They demonstrated that milk from organic and ‘low input’ production systems contained higher levels of nutritionally desirable unsaturated fatty acids (e.g. omega 3, CLA) and antioxidants (α-tocopherol, β-carotene, lutein and zeaxanthine) than milk from intensive conventional dairy production systems. In other studies the levels of nutritionally desirable fatty acids and fat soluble vitamins and/or the sensory quality of organic meat and egg quality parameters were also reported to be higher than (Hirt et al. 2007; Sundrum 2007). The improved nutritional composition of meat, milk and eggs was often linked to outdoor grazing based husbandry and high forage feeding regimes in the case of dairy cows and/or the use of more robust and/or slower growing livestock genotypes in the case of poultry (Hirt et al. 2007; Butler et al. 2008). Surveys also showed that levels of antibiotic use in organic and ‘low input’ dairy cow herds were significantly lower than those of conventional high input herds (Hoyle et al. 2004; Cooper et al 2007).  

Standard processing practices (e.g. pasteurisation of milk; cheese and yogurt making processes, standard slaughter and meat conservation practices) appear to have limited effects on relevant parameters (e.g. fat composition, fat soluble vitamin content) between organic and conventionally systems (e.g. Bergamo et al. 2003).

The introduction of strategies to improve product quality (e.g. the introducing of grazing based feeding regimes is also likely to reduce farm costs in many regions of the EU, especially given the rapidly rising costs of concentrate feeds, but economic analyses under QLIF are still ongoing.
Crop production systems 

QLIF crop production focused studies focused mainly on the effect of (a) fertilisation regimes (type and level of mineral NPK fertilisers and/or animal and green manures used), (b) crop rotation design and (c) crop protection protocols (type and level of chemosynthetic pesticides and other crop protection methods) on a range of nutritionally desirable secondary plant metabolites (e.g. vitamins, antioxidants, proteins, phenolics, glycosinolates, vitamins). To a lesser extent the effect of (d) crop genotype/variety, (e) rootstock type and (f) ripening stage at harvest was also investigated in selected commodities (e.g. tomato). 

In selected commodities (e.g. wheat and potato) metabolic profiling was supplemented with protein and gene profiling. These profiling studies showed that plant metabolism is affected most by variety choice and fertility management, while rotations position and crop protection have less of an effect in most crops. Where the effect of agronomic methods on total antioxidant activity (e.g. tomato) was compared in soil (as opposed to synthetic growth media), variety and/or rootstock choice and specific organic matter based fertilisation regimes significantly increased antioxidant activity. In addition, the ripening stage at harvest and the age of the tomato plant at harvest had a significant effect on tomato quality, indicating that harvesting immature fruit and the use of long season tomato production systems reduce the antioxidant content of tomato. These studies clearly indicated that organic soil based and short season tomato production protocols, and the use of short supply chains, which allow the delivery of fully ripe fruit to local markets, will increase antioxidant levels in tomato. 
For most other crops a range of specific secondary metabolite groups associated with potential beneficial health effects were monitored under QLIF and field trials and analyses are still ongoing. However, studies from the first 3 seasons indicate that while there is often a trend for more of the nutritionally desirable secondary metabolites to be found at higher levels when organic fertilisation regimes and/or crop protection regimes were applied, some compounds were unaffected and some were increased when conventional fertilisation and/or crop protection regimes were applied (Niggli & Leifert 2007). Recent literature reviews (e.g. Brandt 2007; Benbrook et al. 2008) reported higher levels of nutritionally desirable compounds in organic crops when compared to conventional crops, but were mainly based on research papers, which focused on individual or small numbers of commodities and secondary metabolites. The more differentiated set of results from the QLIF project are therefore likely to make it more challenging to interpret the existing comparative crop composition data with respect to both (a) agronomic recommendations with respect to further improving crop quality and (b) potential beneficial impacts of secondary metabolite profiles in organic foods on human health.

Conclusions

The generally beneficial impact of extensive organic production protocols on livestock foods (meat, milk and eggs) composition is becoming increasingly clear and the first studies showing positive health impacts of organic milk consumption have recently been published (Rist et al. 2008; Kummeling et al 2008). 

A more differentiated picture has emerged for crop foods, with (a) an overall trend for higher levels of nutritionally desirable compounds being detected in organic compared to conventional foods being confirmed by most studies, but (b) certain agronomic practices (e.g. netting to protect crops against pests) being linked to negative effects on specific groups of secondary metabolites. Recently published dietary intervention study indicated increased immunological responsiveness and robustness in chicken raised on organic diets based on a mixture of grains and legumes (Huber 2007) and effects on body weight and the immune system in rats and mice raised on organic feed stuff (Lauridsen 2007, Finamore 2004). These studies indicate positive trends of organic food consumption and should be explored further in the future. 
Quality expectations of consumers always radiate around four central concepts (a) taste (and other sensory characteristics), (b) health, (c) convenience, and for some consumers (d) process characteristics (e.g. organic production, natural production, animal welfare, GMO-free) (Grunert 2005).To what extent improvements in food composition satisfy consumer preferences and hence their willingness to pay for that improved quality is currently being studied under QLIF. Alignments may be needed between consumer expectations and quality improvements to achieve the maximum socio-economic benefits.  Alignment could be influenced by governmental policy, marketing strategies and consumer education.

Acknowledgments
The authors gratefully acknowledge funding from the European Community financial participation under the Sixth Framework Programme for Research, Technological Development and Demonstration Activities, for the Integrated Project QUALITYLOWINPUTFOOD, FP6-FOOD-CT-2003- 506358.
References 

Benbrook, C., Zhao, X., Yáñez, J., Davies, N. and Andrews, P. (2008): New Evidence Confirms the Nutritional Superiority of Plant-Based Organic Foods. http://www.organic-center.org/science.nutri.php?action=view&report_id=126.

Bergamo P, Fedele E, and Marzillo G. (2003): Fat soluble vitamin contents and fatty acid composition in organic and conventional Italian dairy products. Food Chemistry. 82, 625-631.

Brandt, K. (2007): Food Utilization Invited review commissioned by FAO. Ed. N. Scialabba. p 2-30 Published on ftp://ftp.fao.org/paia/organicag/ofs/OFS-2007-4-rev3.pdf 

Butler. G., Nielsen, J.H., Slots, T., Seal, C., and Leifert, C. (2008): Fatty acid and fat soluble antioxidant concentrations in milk from high and low input conventional and organic systems; seasonal variation. Journal of Science of Agriculture and Food, in press

Cooper, J., Niggli, U, and Leifert, C. (eds) (2007). Handbook of Organic Food Quality and Safety. CRC Press, Boca Raton, USA. 521pp. 

Finamore A, Britti MS, Roselli M, Bellovino D, Gaetani S, Mengheri E. (2004) Novel approach of food safety evaluation. Results of a pilot experiment to evaluate organic and conventional foods. Journal of Agricultural and Food Chemistry.52:7425-7431.

Hirt H, Zeltner E, and Leifert C. (2007): Effects of organic husbandry methods and feeding regimes on poultry quality. Handbook of Organic Food Quality and Safety. Boca Raton, USA.
Hoyle D V, Shaw D J, Knight H I, Davison H C, Pearce M C, Low J C, Gunn G J, and Woolhouse, M E J.  (2004): Age-Related Decline in Carriage of Ampicillin-Resistant Escherichia coli in Young Calves. Applied and Environmental Microbiology 70: 6927–6930.

Grunert, K.G., Bredahl, L. And Bunsø (2004): Consumer perception of meat quality and implications for product development in the meat sector. Meat Science 66, 259-272

Huber M (2007): Organic, More Healthy? A search for biomarkers of potential health effects induced by organic products, investigated in a chicken model. LBI, Driebergen, NL.
Kummeling I, Thijs, C, Huber M, van de Vijver L P L, Snijders B E P, Penders J, Stelma F, van Ree R, Brandt P A, and Dagnelie P D. (2008): Consumption of organic foods and risk of atopic disease during the first 2 years of in the Netherlands. British Journal of Nutrition 99, 598-605.
Lauridsen, C., Yong, C., Halekoh, U., Bügel, S., Brandt, K., Christensen, L. And Jorgensen H. (2007): Rats show differences in some biomarkers of health when eating diets based on ingredients produced with three different cultivation strategies. Journal of the Science of  Food and Agriculture 88, 720-732.
Niggli, U and Leifert, C (2007) Niggli U. & Leifert , C. (2007) Improving quality and safety of organic and low input foods and maximizing benefits to consumers and producers. In: Improving the Sustainability in Organic and Low Input Food Production Systems. Eds. J. Cooper, U. Niggli, and C. Leifert, C. pp. 15-96. FiBL, CH.
Rist L, Muller A, Barthel C, Snijders B, Jansen M, Simões-Wüst AP, Huber M, Kummeling I, von Mandach U, Steinhart H, and Thijs C. (2007). Influence of organic diet on the amount of conjugated linoleic acids in breast milk of lactating women in the Netherlands. British Journal of Nutrition 97: 735-743.

Sundrum, A. (2007): Quality production in organic, low-input and conventional pig production. In Handbook of Organic Food Quality and Safety. CRC Press, Boca Raton, USA, p. 144-177.  































































































































































































































































































































� The full version of this paper is available at www.orgprints.org/13376


� Nafferton Ecological Farming group, Newcastle University, Stocksfield NE43 7XD, UK, E-mail � HYPERLINK "mailto:lorna.lueck@nefg.co.uk" ��lorna.lueck@nefg.co.uk�, UK


� Warsaw University of Life Sciences - SGGW, Faculty of Human Nutrition and Consumer Sciences, Warsaw, Poland


� Louis Bolk Instituut, Driebergen, The Netherlands


� Universidade de Trás-os-Montes e Alto Douro, Vila Real, Portugal


� Institute of Rural Sciences, Aberystwyth University, Aberystwyth, SY233AL, UK


� Research Institute of Organic Agriculture FiBL, Frick, Switzerland


� University of Kassel, Dept. of Animal Nutrition & Animal Health, Witzenhausen, Germany






