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ORGANIC FOOD AND HUMAN HEALTH — A REVIEW
Summary

The presented study gives an overview of recenthfighed research investigating the health valuerganic foods. Some
in vitro studies indicated higher antimutagenic aattioxidant activity, as well as more effectivaibition of cancer cell

proliferation by organic compared to conventionabdls. Most of the well-designed animal model expenmis carried out
so far have demonstrated significant differencesv@ight, growth, fertility, hormonal and immuneta&gof organically

versus conventionally fed laboratory animals, éipretation of the identified differences neadther investigation. Big

scale epidemiological studies of human populatmm® negative association between organic food wopsion and risk

of skin allergies. Another research group has rélyereported association of organic diet with lowiacidence of non-
Hodgkin lymphoma, but no relation between orgapindf consumption and overall incidence of cancen, tissue sar-

coma and breast cancer. Findings of very few humtarvention studies carried out so far are verybégous. On the ba-
sis on the currently available data no indisputatdaclusions can be drawn. As research resulth@ntdpic can undoubt-
edly count on high societal interest, more compnshe, well designed animal and human interventamesneeded.
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WPLYW ZYWNO SCI EKOLOGICZNEJ NA ZDROWIE CZLOWIEKA
— PUBLIKACJA PRZEGL ADOWA

Streszczenie

Niniejszy artykut stanowi przegl literatury naukowej podejmugej temat wplywdywnaoici ekologicznej na zdrowie czio-
wieka. Wyniki opublikowanych w ostatnich latach dath vitro wskazuj na silniejsze dzialanie antymutagenne oraz anty-
oksydacyjne, a tak bardziej skuteczne hamowanie proliferacji komdra@kotworowych przez ekstrakty z ekologicznych w
poréwnaniu do konwencjonalnych ptodéw rolnych. Wkezaci spardéd przeprowadzonych dotychczas dobrze zaplano-
wanych eksperymentéw z wykorzystaniem modeli z2ei@tz wykazano istotne sidice w parametrach zwitanych ze
wzrostem i rozwojem, magiata, ptodngcig, a take statusem hormonalnym oraz immunologicznym zytieyzvionych
karmy ekologiczg i konwencjonaln, jednak interpretacja zidentyfikowanycheméc wymaga dalszych badaWielkoska-
lowe badania epidemiologiczne z dziatem ludzi wallyazjemmy korelacg miedzy spéywaniem ekologicznego mleka i ry-
zykiem wysjpienia alergii skdrnych. Inny zesp6t naukowcow stdzit ujiemr zalenasé miedzy die bazujcq na produk-
tach ekologicznych i egtotliwasciq wysepowania chioniaka nieziarniczego. Jedngcie nie stwierdzono jednak zgku
miedzy konsumpgjzywnaici ekologicznej a wygbowaniem nowotwordéw ogotem,aseka tkanek rakkich oraz raka pier-

si. Wyniki niewielkiej liczby opublikowanych dotgehs bada interwencyjnych z udziatlem ludzi nig jgdnoznaczne. Na
podstawie obecnie deginych danych nie nina wycigng¢ wnioskéw na temat wptywiywnaici ekologicznej na zdrowie.
Jakoze temat ten stanowi obecnie przedmiot zainteresiawaielu konsumentéw, kompleksowe, dobrze zaplamewa-
dania modelowe oraz badania interwencyjne z udzidtelzi g nieztedne.

Stowa kluczowe zywnai¢ ekologiczna, rolnictwo ekologiczne, zdrowie czéhai zywienie, nowotwory, antyoksydanty,
zwigzki bioaktywne

1. Introduction comparison studies of organis. conventional foods have
concluded that organic crops are, on average, cteaized
Demand for organic foods is strongly driven by -con by significantly higher concentrations of antioxids (.e.
sumers’ perception that they are more nutritioud ean phenolic compounds), lower concentrations of cadmiu
help them to maintain good health [1]. Over the 25 and at least four times lower incidence of pesticiesidues
years, a significant number of research studie® lom- than their conventional comparators, when compaoedss
pared the concentrations of nutritionally relevemberals, regions and agricultural seasons. In case of fibi, re-
toxic metals (e.g. Cd and Pb), pesticide residoesronu-  ported incidence of detectable pesticide contantnavas
trients (e.g. protein, fat and carbohydrates), ¢tisa com- near 7 times lower in organis conventional samples [3].
pounds (e.g. phenolics and vitamins) and fatty adid What is more, a number of comparative studies sbowe
foods coming from organic and conventional prodarcti higher levels of omega-3 fatty acids in milk frongani-
systems [2-4]. Several systematic literature residwve cally raised animals [8]. The evidence also suggyésat
recently analysed the available published inforamtwith  choosing organic over conventional meat may defipit
the aim of identifying the effects of organic anoneen- reduce consumers’ exposure to antibiotic-resisbateria
tional production protocols on the nutritional dtyalof [7]. As already mentioned, many of the bioactivaneo
foods [4-7]. Authors of the most recent and compnsive  pounds and beneficial fatty acids found often ighler con-
meta-analysis summarizing results of 343 peer-veaie centrations in organic foods have previously beéeked to
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a reduced risk of chronic diseases, including caalcular
disease, neurodegenerative diseases and certagersan

tion, but lower plasma testosterone and mitogenuéted
proliferation of lymphocytes in rats. At the sanmad the

Negative {.e. carcinogenic) effects of cadmium and pesti-authors have found no main effects of crop pratectn

cide residues found more frequently in conventiqrrald-
ucts are also well proven [9-11]. On the basishefdbove
statements one could expect beneficial health itspat
organic compared to the conventional foods. Howetrer
available research outcomes addressing this topicery
limited. The presented study gives an overvieweakntly
published research investigating the health vafugrganic
foods.

2. In vitro and animal studies

Study of Olsson et al. [12] indicated strongervitro
anticancer effect (antiproliferative activity agstincolon
and breast cancer cells) of organic strawberryaetdrin
comparison with extracts from conventional farmingjch
was probably due to a higher content of secondaatalpo-
lites with anti-carcinogenic properties in thesauitf.
Kazimierczak et al. [13] demonstrated higher lev#l$ate
apoptosis and necrosis of AGS human stomach caedsr
induced by organic compared to the conventionahéted

the rat physiological parameters, although a ravfgsig-
nificant interactions between fertilization and grprotec-
tion occurred. Even though interpretation of thenidfied
results needs further investigation, timevivo animal re-
search undoubtedly sheds light on the topic ofhbalth
effects of organic foods.

3. Human subject research

A number of human subject studies on the heafttesf
of organic compared with conventional foods havenbe
published in recent years. Some of them focusechajor
public health concerned such as allergies and carj2é,
22], other measured selected health markers susbram
lipid or vitamin levels [23]. There were also stesliunder-
taking the topic of antioxidant status of the oliganafter
consuming organic diet [24-27], and, finally, pahlions
comparing the exposure of organic versus convealtion
food consumers to pesticides [28, 29]. As currestarch
underlines the need of holistic looking at lifestylrather

beetroot juicesin vitro conditions enable to study precisely than the diet itself, some authors analyzed diffeespects

mechanisms of actions and to control many confaundi
variables. However, weakness of this type of studethe
uncertainty that the effects observed at cell levelild oc-
cur in the complex living organism. Whether thera iclear
correlation betweeim vitro antioxidant and anticancer ef-
fects of foods and thein vivo activity, it also undoubtedly
depends on factors such as e.g. composition of ftiet
processing conditions, gut microbiota, metabolighow-
ever, most of the well-designéa vivo animal experiments
carried out so far have demonstrated significaffiérdinces
in weight, growth, fertility, hormonal and immun&atis of
organically versusconventionally fed animals. Controlled
studies on animal models have reported that deted on
organic crops have significant effects on the rdpotive
ability [14, 15], immune system [16-18], and deystent
of rats, rabbits, and chickens. Chickens on anracgarop-
based diet had higher immune system reactivity iamd
proved growth rates following an antigenic challertan
chickens on a conventional diet [18]. Also, highenpho-
cyte proliferation, blood immunoglobulin concenivat,
and immune system reactivity was recorded in radsdr-
ganic rather than rats fed a conventional diet [Ig, In
contrast, a recent study by Jensen ef1] reported no
significant differences in rat growth and a randehealth
biomarkers (including blood glucose, nonesterifiadty
acids, triacylglycerol, cholesterol, plasma insuphosphol-
ipid-choline, aspartate-aminotransferase, urea-fMmu-
noglobulins, and plasma and liver antioxidants)ween
rats raised on feeds produced from conventionalrganic

of organic and conventional food consumers’ lifeety in
relation to self-assessment of their health stii32].

3.1. Organic foods and allergies

As the prevalence of allergic diseases has ineteep-
idly in recent decades, particularly in children,is un-
doubtedly important to take steps towards prevamnibal-
lergies. Identification of risk factors, but alsogsible pro-
tective factors, is one of the challenges in buoidihe pre-
vention strategies. Alfven et.4B3] aimed therefore in their
study to compare the prevalence of allergic dissaswl
sensitization between farm children, children inthaopo-
sophic families and reference children, to idenfdgtors
(related to living environment and lifestyle, indlng diet)
that may protect against allergic diseases. Thissser
sectional study included 14,893 children, aged 5/48&rs,
from farm families, anthroposophic families (re¢edi from
Steiner schools) and reference children in AustGay-
many, The Netherlands, Sweden and Switzerland.alhe
thors found that growing up on a farm, as wellessling an
anthroposophic life style (including biodynamic aond
ganic food), has a protective effect against whegztopic
eczema and asthma, as well as sensitization mehbyre
the blood level of allergen specific IgE. Anothéudy on
organic diet and allergies (KOALA Birth Cohort Syuth
the Netherlands including about 2700 newborns)ciatan
the lower eczema risk in 2-year-old children witie tcon-
sumption with the consumption of organic dairy prod

crops, except for Ig&rednicka-Tober et al. [20] analyzed [22]. Moreover, according to the results of the tiwred

the effect of contrasting crop protection (with without
chemosynthetic pesticides) and fertilization (manwr
mineral fertilizers) regimes on feed compositiorwas| as
growth and the physiological parameters of rateyTte-
ported that the use of manure instead of minerdlifers
in feed production resulted in lower concentratiofigro-
tein and cadmium but higher concentrations of plodymls
in feeds, and higher body protein, body ash, whltod
cell count, plasma glucose, leptin, insulin-likegth factor
1, corticosterone, and spontaneous lymphocyte fpra
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study organic dairy consumption resulted in higlgrA
levels in breast milk of mothers [34]. However, ttedy
found no association between atopic outcomes ikdreni
and overall organic vs. conventional diet [22].

3.2. Lifestyle studies
According to Rembiatkowska et.dB0] consumers of

organic food assessed their health status signtfichetter
than consumers of non-organic foods. However, dpant
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the organic diet, this might also have been relédesome
other aspects of consumers’ lifestyle (e.g. notnal pat-
tern, living conditions, physical activity, ways toanage
stress etc.). Recent Dutch study [31] investigathmy per-
ceived health effects experienced by 566 consuwfecs-
ganic food pointed out that the switch to orgarnat & of-
ten accompanied by the use of more freshly prepaads
and other significant lifestyle changes. Accordiagthe
mentioned study 70% of respondents experiencediymsi
health effects of organic foods. They reporied better
general health, including feeling more energetid having
better resistance to illness (70%), a positivecften men-
tal well-being (30%), improved stomach and boweicfu
tion (24%), improved condition of skin, hair and/oails
(19%), fewer allergic complaints (14%) and improsadi-
ety (14%).

At the same time results of the recently published
trinet-Sante” Cohort Study [32] on more than 54,B8&hch
adult participants show that regular consumersrgaiic
products exhibit specific socio-demographic chamastics
and an overall healthy profile. The authors sugtestthis
should be accounted for in further studies anatyzime
health effects of organic food intake.

Even though the mentioned studies’ design does
permit direct conclusions on health effects of argdoods,
they provide new insight into the experienced Heatatus
of organic food consumers and their lifestyles aan serve
as a basis for generating new hypotheses relatéiietor-
ganic diet, lifestyle and health.

3.3. Exposure to pesticides

As already mentioned, incidence of pesticide rgssdn
organic plant based foods has been found to keaat four
times lower compared to conventional foods [3]cése of
fruit, the difference in incidence between orgaaid con-
ventional samples seems to be even greater [3].

Moreover, there is scientific evidence that digtaxpo-
sure of children to organophosphorus pesticidessomed
as the level of pesticide metabolites in urinanisch lower
on organic compared to the conventional diet [R3an be
concluded that consumption of organic foods provigio-
tection against exposure to organophosphorus fuesic
commonly used in agricultural practices [28]. Exkaugh
the mentioned studies on children exposure to qgdsg
were not designed to assess the link between tinaryr
pesticide levels and their clinical effects, thgaté/e health
impacts of pesticides are well proven [11]. Somehgim

tion depending on a number of factors, such as tbsy.
amount of promoters and inhibitors present in thedf In
order to estimate the uptake of antioxidants, studn their
bioavailability as well as extensive research @irthffects
on specific physiological markers are necessary.

Two small single-meal studies measured the podipabn
effect of organic and conventional apples and ratewen
biomarkers for redox-processes [24, 25]. Neitherthe
studies found any difference in redox markers betwer-
ganic and conventional products. In two other redea
studies, volunteers were presented either orgawyiaal
conventionally produced tomato purée or carroddition
to their habitual diet for 2—3 weeks [23, 38]. metfirst
study [23] no effect on haematological parametatamin
C and E in plasma, or LDL oxidation was observealr&t
consumption as such had also no significant effecthe
total antioxidant status of plasma. Plasma lutasrdéased
significantly in volunteers consuming organic césroln
the second study [38] respondents were fed organion-
ventionally produced tomato purée for three weala par-
allel design. No differences in bioavailability ff caro-
tene, lycopene or vitamin C from different tomatarges
were observed. It should be underlined that théviddal

n@roducts were presented to the volunteers in aiditd

their habitual diet, which might have diluted thieet of
production methods. In order to avoid such dilutioan-
trolled studies comparing the effects of completetsd
based on organic versus conventional raw matedaads
necessary.

One of such studies intended to compare the sfigfct
organic versus conventional Mediterranean diet mif@
two weeks to 10 healthy men on their plasma ardexi
status [26]. The results indicated higher antiomtdalasma
status of volunteers following the organic compatedhe
conventional diet. In the same study antioxidartiviag
was measured in a number of foods.(fruit, vegetables,
wine and milk). In most cases the antioxidant atgtiwas
higher in organic compared to conventional produbits
other controlled dietary intervention study incldds male
and female volunteers given organic and convenitidied
in a randomized cross over design for 2 x 3 wegk$. In
both groups of patients the intake and excretioflason-
oids as well as the plasma concentration of selezkéda-
tive defense markers was measured. The organicreliet
sulted in higher urinary excretion of kaempferoldan
quercetin, but no difference was observed betweeriets
in respect of the other flavonoids excretion. Mostthe
analyzed markers of antioxidative defense did rifferdbe-

have been described to exert genotoxic, carcinegenitween the experimental diets. However, organic déet

neuro-destructive and allergenic effects[35]. Othet as
strong endocrine disruptors [36].

3.4. Bioavailability studies

sulted in an increased protein oxidation and a totetal
plasma antioxidant capacity compared with the conve
tional diet. The weakness of this study was thatyra the
plant crops used as the components of the orgawican-
ventional experimental diets represented diffeop va-

As previously stated, organic foods are, on aweragrieties. Therefore it cannot be concluded whether ab-

characterized by significantly higher concentradiah anti-

served outcomes resulted exclusively from the ifiees

oxidants {.e. phenolic compounds) than their conventionalin the production method, or were affected by tlanpva-
comparators [3]. Many of these compounds have beaeties.

linked to a reduced risk of chronic diseases, iticlg car-
diovascular disease, neurodegenerative diseaseseataih
cancers [37]. However, it has also been pointedtmitthe
contents of nutrients and secondary metaboliteplamts
cannot be directly translated into their healtleetf First of
all, these would be influenced by the level of attbsorp-

Dominika SREDNICKA-TOBER, Renata KAZIMIERCZAK, Ewa REMBIALKOWSKA

104

3.5. Organic foods and cancer
There is strong scientific evidence for health dfs

associated with increased consumption of crops iich
phenolics and other plant secondary metabolitel aiitti-
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oxidant activity (e.g. carotenoids and vitamins & &)
[39-41]. Results of epidemiological studies haveven
that high consumption of fruit and vegetables soamted
with the prevention of chronic non-communicableedises
and certain cancers [42]. Various common fruit hbeen
proposed to exert antimutagenic and anticancerogefi
fects basing on their ability to induce cell cyaeest and
apoptosis[43, 44]. Recent reports on the relatipngle-
tween food bioactive compounds and their anticaatferct

studies of human population showing negative aatoai
between organic food consumption and risk of skiera
gies, as well as the recently published outcomes lafge
scale human cohort pointing on the relation of nigaliet
with lower incidence of non-Hodgkin lymphoma, shrexv
light on the topic of the health effects of orgafiods. As
research results on this topic can undoubtedly ttonrhigh
societal interest, more comprehensive, well desigieser-
vational studies and human interventions are needed

in humans have been published by Faria et al. [45],

McDougall et al[46], Zhang et al. [47] and Ford et f8].
Analyzing the health benefits of foods researchmasnly
focused on products derived from conventional fagni
Results of these studies indicate that vitamins eerthin
phytochemical antioxidants including flavonoidsa(fbnes,
flavonols, flavanones, catechins, anthocyanidims) earo-
tenoids are effective against the proliferatiorhafman co-
lorectal, breast and stomach cancer cells [49-8&#]at is
more, as already mentioned, negative. (carcinogenic)
effects of cadmium and pesticide residues foundenfica-
qguently in conventional products are also well j@my9-
11]. On the basis of the above statements one eoyddct
potent anticancer properties of organic comparedhto
conventional foods. Recently published resultshef first
big scale human cohort study to examine the assmtia
between the consumption of organic food and thie afs
cancer have shown lower incidence of non-Hodgkim-ly
phoma in the population of orgamis. conventional food

consumers [21]. Even though the above mentionedystu

did not find significant relation between organietdand
other types of cancers, it undoubtedly sheds nght lbn
the topic of the health effects of organic foods.

3.6. Organic foods in pregnancy

Consumption of plant foods, including vegetabliss,

recommended to all pregnant women. Recently puddish

results of the prospective Norwegian cohort stuthywsthat
choosing organically grown vegetables may yieldhddi-
tional benefits [53]. The aim of the study carriedt in
2002-2008 on more than 28 thousands nulliparougnare

women was to examine association between orgawnid fo

consumption during pregnancy and the risk of perapt
sia. The authors found no association between lamepsia
risk and high intake of organic fruit, cereals, egg milk,
as well as combined index reflecting organic corygion.
However, women who reported to have eaten orgaegev
tables ‘often’ or ‘mostly’ had significantly lowetisk of
preeclampsia compared to those who reported ‘newer’
just ‘sometimes’. The lower risk associated witlyhior-
ganic vegetable consumption was evident also wharst
ing for overall dietary quality, assessed as scaresa
healthy food pattern [53]. Authors of the study gest that
association between preeclampsia and use of orgagie-
tables could be related to decreased exposurest&iges,
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