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Summary The present review reports on the main characteristics and properties of plants cultivated following organic

and conventional procedures, in the attempt to clarify give a deeper insight into some possible differences

and to compare the two cultivation procedures. Here, we summarise research results regarding nutritional

and safety properties of vegetable foods, evidencing qualitative differences observed between the two

cultivation methods. It appears that the intake of organic foods leads to some advantages, such as the

ingestion of a higher content of phenolic compounds and some vitamins, such as vitamin C, and a lower

content of nitrates and pesticides. From literature, it appears that a special care should be taken about the

ingestion of foods in relation to the content of some substances, e.g. polyamines, substances stimulating

cellular division, because some foods coming from organic origin present a higher content of these

compounds, which could explain some of the effect of the diet on patients affected by certain syndromes.
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Introduction

Organic agriculture is an alternative cultivation model
involving the practice of vegetable production without
chemical additives or even growth hormones. This
cultivation method is aimed to encourage the respect
towards the biological cycles of the production system
to maintain and to increase soil fertility, to minimise any
form of pollution, to avoid the use of synthetic fertilizers
and pesticides, to maintain the genetic diversity, to
consider the wide social and ecological impact of the
food production system and to produce good quality
foods in enough amount (INFOAM, 1998). Further-
more, organic agriculture aims to enhance biodiversity
and soil biological activity to achieve an optimal natural
system, which is aimed to social, ecological and
economical sustainability (Samman et al., 2009). Food
and Agricultural Organization of the United Nations
(FAO ⁄WHO, 1999) defined ‘organic’ the process where-
by natural inputs in the field are approved and synthetic
inputs are prohibited. The organic production system
has been growing in recent years and it is considered
that 31 million hectares, in 120 different countries, are

dedicated to this kind of family farm agriculture (Willer
& Yussefi, 2006).
Current trade volume of organic food is estimated to

be about 23.5 billion Dollars, growing between 20% and
30% per year. Main examples are represented by the
Japanese market of ‘agro-ecological’ products, which is
increasing 30% per year, with a value of about 2 billion
USD. In the United States, this business segment is
developing 20% per year, involving a market of about
10 billion USD and, in Europe, 25% per year, with a
revenue of 10.5 billion USD (SOEL, 2003).
The importance of organic agriculture depends not

only on the absence of pesticides but also on the effect
on environmental quality, because the indiscriminate
use of pesticides contaminates soil and water, provoking
a generalised pollution in the ecosystem. Other problems
can be observed by the use of conventional agriculture,
such as an increase in soil erosion and pollution and a
higher energy cost of the overall production (Azadi &
Ho, 2010). Obviously, it should be mentioned that the
most important advantage of conventional cultivation is
attributed to the higher food production (Wisniewski
et al., 2002).
A problem observed all over the world related to the

consumption of organic foods is their higher final price
to the costumer, because of several factors, they cite a
lower production, higher plant health care, lack of
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pesticides, among others. On the other side, the
consumer buys a product free from pesticides, possibly
characterised by a better flavour, not genetically
modified (Batte et al., 2007) and, frequently, produced
in areas close to the consumption site. Furthermore, it is
supposed to contain a higher content of beneficial and
health promoting (Robinson-O’Brien et al., 2009). In
relation to sensorial quality, some studies suggest the
superiority of organic products. Evers (1989) verified
that carrot roots coming from organic cultivation
subjected to sensorial analysis received a score of 6.9
and 8.3 for taste and texture, respectively, where the
scale ranged from 1 (unacceptable) to 9 (excellent).
While plants from conventional cultivation received 8.1
for both the attributes. Roots originating from organic
system, after storage under low-temperature conditions,
presented marks 25% and 18% higher, for taste and
texture, when compared with nonstored products. Sim-
ilar results were described by Hogstad et al. (1997). On
the other hand, trained panelists consistently rated, over
to 2-year period, conventionally grown carrots having a
better taste than ecologically grown ones (Haglund
et al., 1999).
Several factors can influence the flavour and the

aroma of a food product such as, for instance, the
cultivar used the soil type and climate, the climatic year
and the production procedure. Weibel et al. (1999)
compared Golden Delicious apples produced in organic
and conventional way, and they observed no differences
in vitamin contents. Nevertheless, organic apples
showed a higher content of some substances, such as
+31.9% phosphorus, +14.1% firmness, +8.5% fibres,
+18.6% phenolic compounds, a value +15.4% in the
test of sensorial quality (flavour and aroma, firmness of
the pulp and peel).
According to Zhao et al. (2007), consumer sensory

analysis of a number of different types of vegetables
produced in carefully managed replicated plots did not
show significant differences in between organically and
conventionally grown vegetables tested. Significant
results occurred only in tomatoes about flavour, which
appeared to be related to differences in ripeness between
organic and conventional fruits.
In spite of the small, if significant, differences on

sensorial quality between organic and conventional
products, some authors stated that food of organic
origin presents a better flavour, if compared with
food produced in a conventional way (Carvalho et al.,
2005), and this opinion remains in organic product
consumers.
Consequently, the market is going to move towards

the consumption of organic products, and many studies
have been driven to this aim. However, in spite of the
great demand for organic products, the available infor-
mation from the governmental organisations regarding
the nutritional quality of these products is scarce. In this

context, Williams (2002) affirmed that future studies
that can evaluate effects of growing conditions on levels
of protective phytochemicals are urgently required, and
he commented the need to include studies relating
organic products with human health. Among consum-
ers, doubts raise in the choice between organic products
and conventional ones, concerning nutritional quality.
Like this, the study of the nutritional quality of organic
foods is fundamental to confirm a possible superiority,
as well as to test their functionality in animals, because
epidemiologic studies have shown that diets rich in fruits
and vegetables are associated with longer life expec-
tancy, and these beneficial effects may be because of the
high antioxidant content contained in these products
(Brandt and Mølgaard, 2001).

Safety of organic products

In spite of the positive effects suggested in food
chemistry literature of organic cultivation, it has not
been fully elucidated whether significant differences exist
between foods produced under organic and conven-
tional cultivation, in particular if there are alterations in
the chemical composition when foods are subjected to
thermal processing, such as cooking or prolonged
storage. Furthermore, organic production needs an
excellent field handling, and the farmers need to pay
attention mainly to the materials used for organic
fertilizer (manure), because of the high probability of
microbiological contaminations (mainly Escherichia
coli, mycotoxins, coliforms, etc.) and parasites. Fre-
quent contaminations can occur when the compost
production process is not correctly carried out.
A problem of great importance that should be taken

into account is the use of noncomposted bovine manure
as fertilizer, which could be a possible route of vegetable
contamination (Tauxe et al., 1997). According to Wil-
liams (2002), it has been suggested that the application
of manure and the reduced use of fungicides and
antibiotics in organic farming could result in a greater
contamination of organic foods by microorganisms or
microbial products.
Manure may contribute to develop several pathologic

agents into soil, and while some of them present a short
environmental life-time, some others persist for long
periods (Pell, 1997). The use of untreated manure to
produce crops may carry a higher risk of contamination
if compared to treated manure, which has markedly
reduced levels of pathogens (Pell, 1997). To decrease the
risk of manure-borne pathogens, such as Salmonella
enterica or Salmonella typhimurium and E. coli
O157:H7, it is necessary to establish appropriate time
limits between the application of noncomposted manure
and vegetable harvest (Natvig et al., 2002). Accordingly
to US Department of Agronomy regulation, it should be
of 120 days. This should ensure that roots and leaves
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of vegetable crops should be free of S. enteric and
S. typhimurium.
In literature, several studies have been concerned

about plant pollution following the use of manure, in
particular regarding human pathogens, such as E. coli,
Salmonella spp. and Listeria monocytogenes. According
to Loncarevic et al. (2005), Escherichia coli O157 and
Salmonella spp. may be present in the intestinal tract of
animals and, thus, in animal manure used as fertilizer.
Listeria monocytogenes are ubiquitous bacteria, often
found in decaying plants, soil and animal manure, and
as a consequence, they may contaminate vegetables
growing in the field. On the other hand, up to now, no
studies definitively prove that vegetables produced
following organic procedure contain harmful microor-
ganisms to human health. Alternatives should be
pursued with both a better management and a more
extensive microbiological testing (Magkos et al., 2003).
Loncarevic et al. (2005) showed that E. coli O157 and
Salmonella were not detected in plant samples. How-
ever, organically produced lettuce was found contami-
nated by E. coli and L. monocytogenes (Oliveira et al.,
2010). On the other hand, studies carried out by Sagoo
et al. (2001) showed that vegetables may be easily
contaminated by these bacteria and, the absence of
pathogens (L. monocytogenes, Salmonella, Campylobac-
ter and E. coli O157) or the low incidence (1–5%) of
E. coli and Listeria spp. associated with organic vege-
tables, indicates that overall agricultural, hygiene,
harvesting and production practices were good.
It is unknown, however, whether organic farming

practices, per se, are to blame because product contam-
ination can occur in the field or in the orchard during
harvesting, postharvest handling, processing, shipping,
marketing or at home (Beuchat & Ryu, 1997). In
addition, caution should be warranted when interpreting
the results from research studies (Magkos et al., 2003).
Another point that should be taken into account,

besides the right time of manure application, is the
vegetable cleaning procedure before the consumption.
The results from studies on organic manure application
show the potential importance of extensive washing of
vegetables to reduce or even eliminate pathogenic
bacteria. The correct washing procedure of vegetables
may be critical for human safety even if vegetables are
cooked prior to consumption, because handling of
unwashed contaminated vegetables prior to cooking
may initiate person-to-person transmission of patho-
genic microorganisms (Natvig et al., 2002).
As regards fungal contamination, mycotoxins consti-

tute a major health hazard, as their relative presence in
organic or conventional foods has been the object of
many studies. Considering the most recent reviews,
however, it cannot be concluded that one particular type
of agronomical or cultivation procedure leads to an
increased risk of mycotoxin contamination, even if

analytical results may vary greatly (Magkos et al.,
2003). The comparison of the contaminant content in
organic and conventionally grown raw materials showed
no conclusive evidence whether conventional products
are more or less safe than organic ones. Notwithstand-
ing, it has to be noticed that contamination by deoxy-
nivalenol (vomitoxin) of both conventional and organic
wheat was observed, being higher in organic products
Malmauret et al. (2002).
Another crucial point is represented by the safety of

water used for irrigation, the deep cleaning of the
equipment and the environmental conditions after
harvest, because microbiological contamination can
derive simply from water. Only good agricultural
practices, which should be requested by national and
international certified organisations, can guarantee the
safety of the final product.

Vitamins, minerals and antioxidants

Winter & Davis (2006) reported that it is too early to
affirm that organic food is better than a conventional
one, as regards safety and nutritional quality. However,
interest in organic products is growing worldwide
principally because consumers are concerned about the
amounts of agrochemicals, pesticides, synthetic growth
stimulants and antibiotics in foods, as well as in genetic
modifications (Torjusen et al., 2001). Bearing in mind
the principle of ‘health improvement’, organic product
consumers are looking for a product free from pesticides
and characterised by a higher nutritional quality (Luth-
ria et al., 2010), that is, with good content of substances,
such as proteins, carbohydrates, lipids, vitamins (vita-
min C, E and A) and other antioxidants.
Some research work has evidenced nutritional differ-

ences between organic and conventional products, where
these differences involve basically vitamin C content and
the amount of sulphur-containing compounds (Wor-
thington, 2001). Furthermore, differences were also
observed regarding some micronutrients, and a higher
content of nitrate was observed in products coming from
conventional cultivation (Williams, 2002; Siderer et al.,
2005). Davis et al. (2004) compared forty-three products
(garden crops grown following traditional agriculture
production, without modern methods) between 1950 and
1999. They found significant differences among six
nutritional principles (proteins, calcium, potassium,
iron, riboflavin and ascorbic acid), reporting a lower
content in cultures dated 1999. Authors attributed this
difference (decrease in nutrients) mainly to cultivar
selection by producers and not only to the cultivation
procedures used in the field.
In relation to product quality, Barrett et al. (2007)

reported on higher content of total soluble solids (SS),
higher titrable acidity and firmness in organic tomatoes
(Lycopersicon esculentum) when compared with conven-
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tional ones. Weibel et al. (2000) showed that internal
fruit quality of organic apples was similar or slightly
better than that of conventional. Other studies, as
evidenced by Roussos & Gasparatos (2009), showed no
differences in terms of food quality and no significant
correlation between quality parameters regarding or-
ganic and conventional apples (Malus domestica), such
as titratable acidity (TA), total soluble solids (TSS), pH,
starch content and TSS ⁄TA ratio. Similar results were
reported by Juroszek et al. (2009) on tomato quality
considering pH, ascorbic acid, SS and TA. They
commented the results obtained following a 2- year
study, suggesting that the cultivation procedure did not
have significant effect on the quality of tomatoes.
Authors reported that organic tomatoes presented a
lower content of undesirable compounds, such as
pesticides and nitrates, indicating a possible advantage
of the use of organic products. In relation to vitamin C,
authors did not observe significant differences between
the cultivation procedures. Nevertheless, several
researchers have reported a higher content of vitamin
C in organic foods (Heaton, 2001; Worthington, 2001;
Bourn & Prescott, 2002; Williams, 2002).
Research carried out by Borguini (2006) shows that

tomatoes coming from organic cultivation procedures
presented higher vitamin C content than the fruit by
conventional cultivation. Chassy et al. (2006) reported,
as well, a statistically significant higher content of
ascorbic acid in organic tomatoes compared with
conventional ones. Schuphan (1974) generalised stating
that organic foods present, on average, vitamin C
content 28% higher than that of conventional products.
Moreover, other papers on the comparison between
organic and conventional vegetables showed no differ-
ence on vitamin C content (Weibel et al., 2000). Any-
way, there are still controversies concerning the vitamin
C contents in organic and conventional vegetables. In
average, even if a tendency appears to find higher values
of ascorbic acid in organically grown vegetables, studies
already reported in literature are still not conclusive.
In a comparative study on sweet corn (Zea mays cv.

Sunnyvee and cv. Pride and Joy) cultivated following
organic and conventional procedures, Warman &
Havard (1998) were not able to observe significant
differences in vitamins C and E content between the two
production producers. On the other hand, extractable P,
Ca, Mg and Cu were present in higher amounts in
organically fertilised potato plots; while only extractable
Mg was affected by the treatments in the sweet corn,
being higher in organic plots. Smith (1993) analysed
mineral content in fruits (apples and pears), potatoes
and corn, selected as organic and conventional food
samples. Results showed that in organic foods, a higher
content of calcium (+63%), iron (+59%), magnesium
(+138%), phosphorus (+91%), potassium (+125%),
zinc (+72.5%), sodium (+159%) and selenium

(+390%) and a lower content of aluminium ()40%),
lead ()29%) and mercury ()25%) were found. In
Germany, Schuphan (1974) compared, over a 12- year
period, the effect of the two fertilisation procedures on
the production of spinach, potato, carrot and cabbage,
observing that organic fertilisation led to an increase in
dry matter (+27%) and in the content of iron (+77%),
potassium (+18%), calcium (+10%) and phosphorus
(+13%), while a decrease in sodium ()12%) and nitrate
()93%) were observed. In this last work, notwithstand-
ing the production yield was lower than that observed
with other fertilisation procedures, the increase in dry
matter, vitamin C (+28%) and minerals led authors to
suggest that organic foods presented a better nutritional
value than conventional ones.
On the other hand, considering the same data

reported in literature, Dangour et al. (2009), reviewing
about organic food characteristics and discussing on the
suggestion of a possible superiority of organic foods,
reported that, in relation to mineral content (Mg, Ca, K,
Zn and Cu), no significant differences could be ascribed
to production procedures, even if this kind of foods
seemed to contain a higher content of phosphorus and a
lower of nitrate with respect to conventional ones. At
the moment, it appears that more detailed studies on
possible differences about mineral content in organic
and conventional foods should be carried out.
Some researches, dealing with the characterisation of

vegetables from organic production, showed that in
some plants (mustard greens – Brassica juncea, lettuce –
Lactuca sativa, tomato – L. esculentum – and collard
greens – Brassica oleracea), no significant differences in
the content of b-carotene and ascorbic acid, in compar-
ison with samples produced conventionally, were
observed (Borguini, 2006; Ismail & Fun, 2003). Other
studies, carried out by Caris-Veyrat et al. (2004) on
organic and conventional tomatoes, comparing the
content of antioxidant compositions reported that, when
the results were normalised with respect to the wet
weight, a higher vitamin C, carotenoid and polyphenol
content were observed in organic fruit. Conversely,
when experimental data were expressed as dry matter,
there were no significant differences. Obviously, as
organic vegetables appear to contain less water than
conventional ones (Mello et al., 2003; Fontanétti et al.,
2006), compound content will be differently diluted,
leading to differences during analysis. Other works, for
example the 6- year study of Fjelkner-Modig et al.
(2000), did not show significant differences in vitamin
C content, expressed as dry matter, in parts of vegeta-
bles grown under organic or conventional mode. Obvi-
ously, especially when the substance under analysis is
characterised by low stability, such as ascorbic acid or
polyphenols, care should be paid to experimental
conditions during sample preparation and analysis: the
drying conditions could negatively affect easily oxidis-
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able substances in the sample. It has to noticed that an
irrigation deficit can constitute a powerful tool to
improve food nutritional value, because of a reduced
amount of water available to the fruit; thus, the dry
matter content and concentration of nutrients in the
fruit will increase (Juroszek et al., 2009).
The content of other vitamins, or vitamin precursors,

in real samples was observed to depend on the cultiva-
tion procedure. Eggert & Kahrmann (1984) reported
significant differences in b-carotene content between
organically and conventionally fertilised carrots (Daucus
carota), although b-carotene was evaluated only once.
Leclerc et al. (1991) found that organic fertilisation
yielded higher b-carotene and vitamin B1 contents in
carrots. Moreover, other works showed no difference in
lycopene content when comparing the effect of the
cultivation system (Juroszek et al., 2009).
Phenolic compounds, even if not directly related to

food nutritional quality, have been receiving increasing
attention, because of their peculiar biological activity.
An attractive hypothesis suggests that vegetable foods,
containing these kind of secondary metabolites, possess
beneficial effects to human health, among those are anti-
inflammatory and antioxidant activities (Hollman &
Katan, 1999; Harbone & Williams, 2000). It is now well
documented that the more an antioxidant is able to
eliminate free radicals, the higher the effect on prolong-
ing organism lifetime can be expected, because of the
direct correlation of their antioxidant and protective
action with a decrease in the risk of diseases (Storz,
2006). Early studies indicated that flavonoids (a class of
polyphenolic compounds) may reduce blood pressure,
thus reducing the risks of heart diseases and haemor-
rhages (Commenges et al., 2000; El Gharras, 2009).
These substances were also associated with the reduction
in the risk of certain types of cancer and insanity
(Hertog et al., 1993; Commenges et al., 2000).
It is reported in literature that some vegetables of

organic origin present a higher content of flavonoids,
when compared to the same products coming from
conventional cultivation, as in the work of Chassy et al.
(2006), where authors compared organic with conven-
tional tomatoes. Ren et al. (2001) determined the
content of polyphenols in five vegetables (collard greens
– B. oleracea, Chinese cabbage – Brassica rapa, spinach
– Spinacia oleracea, garlic – Allium sativum and green
bell pepper – Capsicum annuum) commonly consumed in
Japan, produced by organic and conventional cultiva-
tion. The contents of a flavonoid (quercetin) and caffeic
acid in organically grown plants were 1.3–10.4 times
higher than that found in conventional plants, suggest-
ing the influence of different cultivation practices on
human health.
Mitchell et al. (2007) compared organic tomatoes with

conventional ones regarding flavonoid content and
concluded that organic tomatoes possess almost double

the amount of these substances. They stated that, in
average, organic tomatoes contain +79% quercetin and
+97% kaempferol than conventional ones, and they
attributed this difference to the concentration of nitro-
gen in soil. According to the same authors, the differ-
ences in flavonoid contents are probably because of the
absence of fertilizers in organic agriculture. Flavonoids,
in fact, are produced by plants as a defense mechanism
that can be induced by nutrient deficiencies, such as lack
of nitrogen in the soil.
The effects of organic and conventional cultures on

anthocyanins, total phenolics and antioxidant activity in
blueberry fruit were studied (Wang et al., 2008), and the
results showed that fruit produced following organic
procedure showed a higher content of phytochem-
icals (myricetin-2-arabinoside, quercetin-3-glucoside,
delphinidin-3-galactoside, delphinidin-3-glucoside, del-
phinidin-3-arabinoside, petunidin-3-galactoside, petuni-
din-3-glucoside and malvidin-3-arabinoside) with respect
to conventionally grown plants.
In the study of Grinder-Pedersen et al. (2003), the

growing conditions of fruits and vegetables (conven-
tional vs. organic) affected the content of flavonoids,
and it resulted in differences in the urinary excretion of
major dietary flavonoids, like quercetin. The study
showed a higher content of quercetin after consuming
organically produced diets than in the conventionally
produced diets, which was also reflected in the urinary
levels of quercetin. Authors also observed that the total
plasma antioxidant capacity was significantly lower
after exposure to organic diets. However, differences in
quercetin content because of varietal differences cannot
be excluded, because flavonoid contents may show wide
variations in different varieties of fruits and vegetables
(Crozier et al., 1997; Juroszek et al., 2009).
According to Velimirov et al. (2010), the most impor-

tant influence of nutrition on humans is based on diet
composition, but the quality of the consumed products
can have a modulating positive effect, and this notion
has been attributed to the reduction in synthetic
pesticide residues, as well as the potential increase in
health-promoting compounds. Authors claimed that the
outcome of the studies dealing with the comparison of
test diets characterised by the same nutritional value,
only differing in the way of production, necessitates an
extension of the quality concept and entailed the
application of new quality assessment methods. Note-
worthy, the ingestion of flavonoid, frequently found in
vegetables and fruits, is supposed to reduce cancer risk
in humans (Kale et al., 2008). Knekt et al. (1997) found
an inverse correlation between flavonoid intake by diet
and tumour development. Accordingly, only the intake
of food free from pesticides and containing a high
phenolic content would be recommendable. So, it seems
that organic foods could be related to the treatment and
the prevention of diseases, because of the presence a
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higher content of phenolic compounds. The reason for
the highest content of phenolic compounds and the lack
of pesticides residues found in the organic grown plants
can be attributed to the peculiar characteristic of the
cultivation procedure, that is, the absence of pesticides,
leading the plants to produce secondary metabolites as a
defense mechanism, such as phytoalexins. Although the
same mechanisms may result in the elevations of other
plant secondary metabolites, this may be of toxicolog-
ical rather than nutritional significance (Winter & Davis,
2006). Therefore, according to other authors, the
different phenolic content (included flavonoids) is prob-
ably because of the absence of fertilizers in organic
agriculture (Nicolas et al., 1994).
Other studies did not detect significant differences in

the content of phenolic compounds in relation to the
cultivation procedure, as the work of Luthria et al.
(2010), regarding two cultivars of eggplants (Solanum
melongena) and of Häkkinen & Törrönen (2000), with
strawberries (genus Fragaria). Whereas a study on
marionberries (Rubus L. subgenus Rubus) showed a
significantly higher content of total phenolic compounds
in fruit varieties that were organically produced when
compared to conventionally produced ones (Asami
et al., 2003). Similar results were reported on beet (Beta
vulgaris) by Rossetto et al. (2009) and on miscellaneous
plant species by Lima et al. (2008). Carbonaro et al.
(2002), comparing peaches and pears cultivated follow-
ing organic and conventional procedures, observed a
higher content of phenolic compounds and a higher
polyphenol oxidase (PPO) activity in organic fruits, with
the concomitant increase in vitamin C content in
peaches and a-tocopherol in pears, providing evidence
that an improvement in the antioxidant defense system
of the plant occurred as a consequence of the organic
cultivation practice.
In the study by Roussos & Gasparatos (2009) on

apples cultivated following organic and conventional
procedures, the results are similar for total phenols:
higher concentration of diphenols and flavonoids was
observed in fruits from conventional cultivation. Singh
et al. (2009) also describe similar results in eggplants.
However, a review relating to the content of secondary
metabolites in organic products stated that it is
premature to conclude that a production system
(organic) is superior to the other (conventional) with
respect to nutritional composition (Winter & Davis,
2006).
At the moment, it appears that, generally, antioxidant

compounds tend to increase in plants cultivated follow-
ing organic procedures. The content of phenolic com-
pounds in plants has also been found to increase as a
response to infections by phytopathogens (Lattanzio
et al., 1994; Asami et al., 2003), in agreement with the
proposed role of these compounds in plant defense
mechanisms. Infected plant tissues and resistant tissues

have been found to be characterised by a common shift
in the metabolic pattern that includes activation of
phenol-oxidising enzymes and peroxidases (Carbonaro
& Mattera, 2001).
The application of pesticides and fertilizers can be

related to the modulation of the biosynthetic pathways
leading to polyphenol formation in plant tissues (Daniel
et al., 1999), indirectly affecting the activity of enzymes
related to tissue browning (Martinez & Whitaker, 1995).
The phenomenon appears during fruit ripening. Organ-
ically produced plants can have a longer ripening period
compared to conventional ones (Santos et al., 2001),
and as flavonoids are formed in the ripening period, one
could expect a higher content of polyphenol compounds
in organically grown plants (Grinder-Pedersen et al.,
2003). The degree of browning also depends on the
presence of pesticides (Daniel et al., 1999), oxygen,
reducing substances, metallic ions, pH, temperature and
on the activity of different oxidising enzymes, especially
PPO (Sánchez-Ferrer et al., 1995) and peroxidases
(POD), which catalyse the oxidation of phenolic com-
pounds containing two o-dihydroxy groups to the
corresponding o-quinones (Joslin & Pointing, 1951).
Nevertheless, according to the data reviewed above,

organically grown plants tend to present a higher
content of polyphenolics. Anyway, it should be noticed
that some of these compounds are desirable, while
others can have antinutritional properties. Plant pheno-
lic compounds, such as anthocyanins, anthoxanthins,
catechins and tannins, can inhibit the activity of some
digestive enzymes, as a-amylase, trypsin, chymotrypsin
and lipase (Salunkhe et al., 1982). The presence of
tannins can be considered nutritionally undesirable,
because they decrease the bioavailability of macromol-
ecules, such as protein, carbohydrates, amino acids,
vitamins and metal ions, forming stable complexes with
these substances (Chung et al., 1998). On the other
hand, many phenolic compounds were revealed impor-
tant to human health because of their antioxidant
activity.

Effect of thermal processing on micronutrient
retention of organic and conventional vegetable
foods

Thermal processing (boiling in water) can alter the
content of phenolic compounds in foods. Some works
reported that cooking vegetables may increase the
concentration of carotenoids, while decreasing the
content of phenolic compounds in organic products,
when compared with samples produced conventionally
(Zhang & Hamauzu, 2004; Rossetto et al., 2009).
Domestic thermal processing, such as cooking, seems
to have a dramatic effect on phenolic content in food,
and as a consequence, on antioxidant activity of the
food (Racchi et al., 2002; Lima et al., 2009). Gener-
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ally, during the cooking process, beyond the rapid
oxidation of phenolic compounds observed at high
temperature, the interruption of the biosynthesis of
phenolics occurs, because of enzyme inactivation
and ⁄or denaturation inside cellular structures (Vallejo
et al., 2003).
The cooking process can directly promote the degra-

dation of phenolic compounds or can induce the
production of chemical modifications, which can affect
food quality. Alternatively, some other compounds can
be quite stable when exposed to high temperatures,
preserving their antioxidant capacity and, as a conse-
quence, food quality (Vallejo et al., 2003), such as
carotenoids (Zhang & Hamauzu, 2004; Rossetto et al.,
2009). Regarding the effect of cooking processes on
vegetables, a research carried out by Lima et al. (2009)
showed that the content of phenolics in Chinese cabbage
(B. rapa) and corn (Z. mays) was higher in plants
cultivated organically, while the process considerably
reduced the content of these substances in both kind of
samples and, as a consequence, decreased food antiox-
idant activity. Faller & Fialho (2009) reported that
thermally processed organic vegetables (carrot – D. ca-
rota, onion – Allium cepa, potato – Solanum tuberosum,
broccoli – B. oleracea var. Italica, and white cabbage –
B. oleracea var. Capitata), following several different
processing procedures, were more sensitive to heating
than those of conventional origin. Furthermore, they
found that even if conventional vegetables presented a
lower content of phenolic compounds, they are less
affected by the cooking treatment.
Thermal treatment can affect other nutritional com-

pounds, beside the ones already mentioned, such as
vitamin C. According to Zhang and Hamauzu (2004),
the cooking process lead to variation in physical
and chemical characteristics of vegetal foods, in partic-
ular on vitamin C content, because of its high solubility
and thermal instability. Thermal processing represents
one of the most important methods developed by
human beings to improve food storage period
and availability. At the same time, the process can lead
to a reduction in food nutrient content, which was
originally present. In the case of vitamins, this kind of
treatment can be controlled to reduce losses, with-
out jeopardising sensorial aspects and food safety
(Pinheiro-Sant’Ana et al., 1999). However, more studies
should be carried out, mainly in relation to powdered
crops and thermal treatment effects on a wider vegetable
species.

Nitrate content

Food and Agriculture Organization of United Nations
(FAO) suggests that the maximum daily admissible level
of nitrate and nitrite should be 5 and 0.2 mg kg)1 body
weight, respectively.

The problem of the absorption of nitrate by humans
can be serious, if we think that nitrate can be reduced to
nitrite in our gastrointestinal tract and that this latter
compound is suspected of involvement in the formation
of carcinogenic nitrosamines, probably in the human
stomach under acidic conditions prevailing there (Tan-
nenbaum & Correa, 1985). Nitrate content should be
controlled in foods, in particular, in those from
conventional origin and mainly if their destiny is
children’s feeding (Huarte-Mendicoa et al., 1997).
Chemical fertilizers can affect the content of several

compounds produced by plant metabolism. For exam-
ple, nitrogen-containing fertilizers, usually employed in
conventional and hydroponic cultivation, can lead to the
accumulation of nitrate in some plants tissues (Lyons
et al., 1994). Some studies indicated that vegetables
(potato, carrot, cauliflower, lettuce and others), pro-
duced under conventional systems, presented a higher
nitrate content than vegetables produced under biody-
namic or organic systems (Bourn & Prescott, 2002).
Hundreds of rigorous tests have failed to reveal better-
tasting properties or improved nutritional value, but
have consistently shown that organic products have a
lower nitrate and protein content (Woese et al., 1997).
Worthington (2001) reviewed the properties of vari-

ous crops, comparing nitrate content between organi-
cally and conventionally grown plants. Authors
reported that among 176 samples, 127 (72%) presented
a higher content of nitrate, when coming from conven-
tional foods, while organic ones presented a higher
nitrate content in forty-three cases (24%). The remain-
ing samples gave no differences.
During food cooking process, a decrease in nitrate

content can be observed, because this ion tends to diffuse
into the cooking water (Olmedo & Bosch, 1988; Meah
et al., 1994). Lima et al. (2009) evaluated the content of
polyphenols and nitrate in Chinese cabbage and corn
cultivated under organic and conventional procedures.
The analysis of raw and cooked samples showed a higher
content of nitrate and phenols in plants cultivated
organically, but the cooking process reduced consider-
ably the content of nitrate and phenolic compounds and,
as consequence, decreased sample antioxidant activity.

Polyamines

Polyamines, such as putrescine, spermidine and sper-
mine, are present in all the organisms and are related to
cellular proliferation and differentiation (Pegg & Mcc-
ann, 1982). Some authors reported that polyamine
privation in alimentary diet can be beneficial in reducing
tumour growth (Sarhan et al., 1989; Löser et al., 1999).
In healthy cells, polyamine content is controlled by
biosynthetic and catabolic enzymes, and, for each
organism, the need of dietary polyamines is dependent
on individual’s physiological condition. The ingestion of
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polyamine-rich foods may be helpful for health main-
tenance, especially in the old age (Nishimura et al.,
2006). However, it should be mentioned that patients
with cancer should avoid polyamine-rich foods (Nak-
aike et al., 1988). Thus, studies about polyamine content
in foods derived from organic and conventional crops
are extremely important, because information on their
distribution in different foods and on their daily intake
are limited, mainly on organic foods (Bardócz, 1995;
Hernández-Jover et al., 1997; Eliassen et al., 2002;
Kalač & Krausová, 2005; Kalač et al., 2005; Nishibori
et al., 2007). Lima et al. (2009), comparing several
vegetables cultivated under organic and conventional
procedures, reported a higher polyamine content in
organic vegetables and attributed this result to the
positive relationship between polyamines and plant
longevity (Altman, 1982). Alternatively, the increased
amount of these substances in plants could be related to
the response against stress. In fact, plant cultivated
following organic procedures may be subjected to stress
conditions, because of the absence of pesticides, and
they can be easily attacked by pests or diseases (Legaz
et al., 1998). Another work comparing organic and
conventional vegetables was accomplished by Rossetto
et al. (2009), who observed the occurrence of a higher
polyamine content in pulp and peel and a lower in stalks
and leaves of beets from conventional cultivation,
compared with those from organic origin. The choice
between organic or conventional food could be impor-
tant because the source of substances that can be
delivered to the body, as described, may be different
depending on manuring system and thus may help or
hinder medical treatments.
The role of polyamines as facilitators of cell growth

was reported (Russell & Snyder, 1968), and several
studies have shown their ability to protect cells from
apoptosis (Seiler et al., 1990; Seiler & Raul, 2007).
Depending on the tumour type, polyamines seem to be
involved in tumour growth (Gerner & Meyskens, 2004),
and their intake by intestinal cells has been suggested to
be an important regulatory mechanism of intracellular
polyamine concentration. It was shown that they are
preferentially taken up by tumours and tissues with high
polyamine demand (Clark & Fair, 1975; Bardócz et al.,
1993). Furthermore, as reported earlier, polyphenol
content could affect human physio-pathological condi-
tions, such as some cancers, and probably the balanced
intake of polyamines and polyphenols could be useful in
patients suffering from tumours.

Pesticides

Organic foods, unsurprisingly, appear to possess a lower
content of pesticide residues, or more precisely, they do
not contain detectable amounts of these substances.
However, the lack of data about the presence of

pesticide residues in organically produced foods does
not permit to reach a definitive conclusion (Borguini &
Torres, 2006). Noteworthy, the favourable behaviour of
the population could be attributed to the common idea
that these foods can be considered free from pesticides
(Roitner-Schobesberger et al., 2008).
Some studies can be found in literature reporting on

pesticide analysis in foods of organic origin. Rossetto
et al. (2009) found the presence, by TLC analysis, of
organo-chlorides, organo-phosphates and carbamates in
leaves and peels of conventionally cultivated beets.
Furthermore, they noticed that pesticides disappeared
following cooking, probably because boiling in water
lead to the leaching of these substances. A problem to
human health would arise in the case of ingestion of the
cooking water, if the origin of the product is not
declared. However, the consumption of cooking water
could be a source of important chemical substances for
human health, such as carotenoids, which can be partly
solubilised during cooking (Rodriguez-Amaya, 1997).
However, because of the lack of specific analytical data
on the composition of cooking water, care should be
paid to avoid its consumption to minimise the risk to
ingest pesticide residues, in particular as they have a
cumulative effect in organisms. On the other hand, one
of the most important problems following the ingestion
of raw vegetable foods, possibly polluted by pesticides,
could relate to children’s health, because they often
consume, or they should do, fruits, vegetables and
juices, in particular in early childhood. Curl et al. (2003)
observed a higher presence of pesticides in urine of
children consuming foods of conventional origin, when
compared with children usually eating organic foods.
Efforts should be addressed to improve our knowledge
on the presence of pesticides in foods for children. An
important work dealing with pesticide content in infan-
tile feeding was carried out by Lu et al. (2006) on
children of the elementary school fed with conventional
foods. They reported the presence of pesticides, such as
malathion and chlorpyrifos, in children body fluids, and
the content of these substances decreased after the
ingestion of an organic-derived diet. Authors proposed
that a diet comprising organic foods provides a dramatic
and immediate protective effect against the exposures to
organo-phosphate pesticides, commonly used in
agricultural production. Authors also concluded that
children were almost completely exposed to this organo-
phosphate exclusively through the diet.
The health concern of consumers and working

personnel of organic food systems contribute to the
reduction in occupational pesticide poisoning. However,
no data exist on health risks for producers using
permitted organic pesticides per year related to occupa-
tional pesticide use, which also can cause widespread
illness, including Parkinson’s disease. However, no data
exist on health risks for producers using permitted
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organic pesticides such as copper chloride or plant
extracts (Moretto, 2004). For organic consumers, ben-
efits include a lower incidence of allergies and an
improved human health because of the above-men-
tioned nutritional advantages (Scialabba, 2007). For
these reasons, the change in the feeding habits towards
the consumption of products containing a lower amount
of chemical residues would be very important to
improve population health conditions.
For it is known that substance neurotoxicity contrib-

utes to several mental and neurological disturbances, it
becomes important to register and to analyse epidemi-
ological data regarding the appearance of environmental
neurotoxins. Including this context, neurotoxic disor-
ders cause alarm on health professionals and efforts of
national and international health organisation, aimed to
the prevention of risk occurrence because of neurotoxic
substances, are growing.
The cooking process seems to reduce the content of

pesticides in several foods and in organically cultivated
vegetables. In agreement with Winter & Davis (2006),
the found that pesticide residues can be found with
lower frequencies and in lower amounts in organic foods
suggests that organic foods may be less risky than
conventional ones. As most crops are eaten after
cooking, the pesticides used on crops can be degraded
and decomposed during food cooking or processing
before the ingestion (Tsumura-Hasegawa et al., 1992;
Nagayama, 1996). In agreement with Nagayama (1996),
some residual pesticides were transferred from the raw
materials into the cooking water, according to their
water solubility, and some other pesticides may remain
in processed food. For this reason, the cooking of
vegetables, even if organic, could be an effective treat-
ment to decrease their content in foods.
To reduce pesticide ingestion, according to Trewavas

(2001), organic pesticides could be used, even if gener-
ally more frequent treatments are required in organic
farms, as an example with copper sulphate than those
recommended for good conventional practice. Natural
pyrethroids must be used at a much higher dose than
that of prohibited, but much more effective, synthetic
pyrethroids, such as bioresmethrin. At the moment, we
suggest that the collection of analytical data on pesticide
content in organic vegetables should be improved,
considering that many farms performing organic culti-
vation are really close to conventional producers,
increasing the probability of cross-contamination.
There is the need to review some traditional concepts

on the real differences between organic and conventional
products, that is, in the first instance, if this difference is
really significant; because nowadays, with the increase in
the world population, there is a need to guarantee that
the food production is sufficient for all human beings of
our planet. Many works can be found in literature
concerning the differences between organic and

conventional food, but it is necessary to be careful
about reported statements, because, as discussed by
Trewavas (2004), researches are carried out in different
countries and different environments, soils and condi-
tions, introducing enormous variability among samples.
On the other hand, the use of substances that produce
low environmental contamination, substituting current
pesticides, is essential to improve the health of future
generations.

Conclusions

In conclusion, there is the clear need to improve studies
about on the differences between organic and conven-
tional vegetables. This task should be carefully accom-
plished, considering that several factors can alter the
nutritional quality of a food, such as crop time, climate,
soil characteristics, environmental conditions, cooking
processes as commented by Trewavas (2004). The
potential for organic agriculture to improve the
amounts of many important nutrients on the dinner
plate is not yet fully established. The present review, of
course not exhaustive, verifies that some points need to
be more deeply clarified, in particular in relation to the
possible superiority of organically derived plant-based
foods. Careful work should be carried out in the
determination of some substances, principally antioxi-
dants in organically grown plants, taking into account
differences because of species, climatic conditions, irri-
gation, among others. At the same time, it should be
considered that certified organic foods could not present
direct effect, considering only their nutritional values. At
the moment, most of the published works reporting on
organic plant-based foods show a lower content of
pesticides, hormones, lower nitrate content and a higher
content of some vitamins. These data suggest that this
kind of food will be useful to improve human health,
even if up to now it is only a suggestion and many more
experimental works should be performed to definitely
prove the effect of organic foods on human beings. On
the other hand, the most important aspect regards the
need to provide the consumer with enough information
to carry out the correct buying choice. Even if organic
products have not yet been proven to contain the highest
nutrient content, it certainly should contain the lowest
content of pesticides and substances harmful to health,
such as nitrates. We should realise that, at the present
time, the complete elimination of pesticides is very
difficult, because much more work is needed to maintain
a high yield in food production, while reducing the
dependence on pesticides. Considering the enormous
number of hungry people, this is a very important point.
In this context, the incentive to develop more profitable
organic family agriculture could be an important factor
to motivate small farmers to produce foods with good
nutritional quality and reduced content of dangerous
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compounds, reducing dependence on pesticides through
organic production and biological control of pests and
parasites.
Furthermore, in organic production field, the number

of plant-eating insects does not reach dangerous levels
and preserve the presence of natural enemies and
pollinators, which tend to decrease using pesticides
continuously (Kremen et al., 2002). Insect disappear-
ance will lead to a deleterious decrease in plant-based
food production, considering that in many world areas
food production is not sufficient to satisfy human beings
needs. Another aspect regards the relatively high con-
sumer price of organic-based food, which could be
decreased by providing incentives to this kind of
agronomical practice. The substitution of synthetic
fertilizers with more natural products will lead to a
decrease in the production costs and a concomitant
increase in employment, contributing to the return
correct health exploitation and to the production of
health-promoting foods.
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