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Abstract

Every day consumers make choices about what to eat and ask themselves
“Should I be buying organic food?” For producers, is very important to have
technical information about the quality of organic products. It can facilitate to
demonstrate the quality of organic products, in comparison with conventional ones.

The purpose of our work was to compare internal and external
characteristics of citrus, produced in organic versus conventional farming. The study
was carried out in the south of Portugal. Fruits of different orchards have been
harvested and submitted to physical and chemical analyses, as well as to a sensorial
test. The analyses showed that the farming system affected fruit quality. Special
attention was paid to the concentration of vitamin C, a compound which plays an
important role in human health. Fruits from organic farming had a higher level of
vitamin C, compared with fruits from conventional production. However, this result
was not obtained in all cultivars. The concentration of other organic acids was also
evaluated. Results showed clear differences between cultivars and between the two
farming systems. In most cases, concentration of organic acids was higher in the
citrus fruits from organic farming.

INTRODUCTION

The intensification of agriculture that occurred over much of the twentieth century
and this first decade of XXI century has increased the productivity of the orchards but left
out many aspects of fruit quality, including the content of substances beneficial to human
health.

Organic farming seeks to be an alternative to intensive agriculture and produce
food more beneficial to human health. However, organic food is often more expensive
and consumers have questions about whether the additional cost is offset by a higher
actual quality of these products.

The organic acids contained in fruits are one of the important factors influencing
fruit flavour and are of vital importance to human health. The importance of ascorbic acid
(vitamin C) was demonstrated long ago (Sauberlich, 1994). Several studies emphasize the
importance of other organic acids such as citric, malic, tartaric and other. Citric acid is
important in prevention and elimination of kidney stones, so lemons and limes, due to
high concentration of this acid, can be used as a therapy against this disease (Penniston et
al., 2007). Malic acid possesses many health-related benefits such as boosting immunity,
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maintaining oral health, reducing the risk of poisoning from a build-up of toxic metals,
promoting smoother and firmer skin and helps reducing symptoms of fibromyalgia
(Abraham and Flechas, 1992). On the other hand, oxalic acid is considered an “undesired
compound” (Franceschi and Horner, 1980; Webb, 1999; Perera et al., 1990).

Eighty percent of all citrus produced in Portugal is grown in Algarve. It is
important to know whether, in this region, the citrus fruit produced in organic farming
have a higher level of quality compared with conventional agriculture.

Several reviews about comparing these two farming systems are available (Woese
et al., 1997; Brandt and Mglgaard, 2001; Worthington, 2001; Bourn and Prescott, 2002;
Bordeleau et al., 2002; Raigon, 2007) and the conclusions are far from coincident. Some
of the authors did not find significant differences between conventional and organic
products (Bourn and Prescott, 2002); while others concluded that food produced by
organic farming had a greater quality, compared to that from conventional farming
systems (Woese et al., 1997; Brandt and Mglgaard, 2001; Worthington, 2001; Bordeleau
et al., 2002; Raigon, 2007).

The effect of the production system on fruit quality was already studied in some
citrus (Tarozzi et al., 2006; Lester et al., 2007; Pérez-Lépez et al., 2007; Raigon, 2007;
Beltran-Gonzalez et al., 2008). In general, citrus fruits produced in organic farms had
greater juice percentage (Lester et al., 2007), and mineral (Ca, Mg, K, Na, Fe, Cu, Mn
and Zn) concentration in the juice (Pérez-Lopez et al., 2007) than those produced by
conventional farming systems. If organic citrus were to have a greater organic acids
concentration, it might be an important factor to increase demand of fruits from this
management system.

A greater ascorbic acid content in citrus from organic compared with conventional
farming systems was reported by Tarozzi et al. (2006) for the red orange cultivar
‘Tarocco’, by Lester et al. (2007) for the grapefruit cultivar ‘Rio Red’ and by Raigon
(2007) for the mandarin cultivars ‘Nules’ and ‘Okitsu’ and orange cultivars ‘Newhall’
and ‘Navelina’. In the present work, we compared 18 different citrus types grown either
in organic or conventional (integrated) farming, under similar environmental conditions,
to investigate the influence of these two management systems on the organic acids
content in the fruit juice.

MATERIALS AND METHODS

This research work was carried out on 18 citrus cultivars: ‘Valencia late’, ‘Baia’,
‘Dalmau’, ‘Newhall’, ‘Lanelate’ and ‘Rohde’ oranges; ‘Fina’, ‘Hernandina’, ‘Fortune’,
‘Fremont’, Ortanique’, ‘Tangera’ ‘Setubalense’, ‘Nules’ and ‘Nova’ mandarin or
mandarin type cultivars; two hybrids between Citrus deliciosa and Citrus nobilis
(‘Encore’ and ‘Wilking’) and the ‘Lisboa’ lemon. Each cultivar was sampled in triplicate
(at least 20 fruits per replicate), at commercial maturity, from an organic orchard and in a
conventional orchard with integrated production practices. Paired orchards were located
close to each other, with trees grafted on the same rootstock and of about the same age to
allow a valid comparison of organic versus conventional fruits.

All orchards considered as organic farming were managed according to statutory
European Union regulations regarding organic farming. In some organic orchards, there
was no application of fertilizers in the last five years, while in others fertilization was
carried out with authorized fertilizers. In conventionally managed orchards, mineral
fertilizers were applied throughout the vegetative cycle of the trees.



Fruit samples were submitted to physical and chemical analyses within 24 hours
after harvest. Fruits were weighed and measured individually. Juice extraction was done
by using a hand operated juice extractor. After extraction, juice was filtered and used for
different physico-chemical analyses. Part of the filtered juice was immediately cooled and
stored at -20°C until organic acid analyses were made. Organic acids were measured as
described previously (Miguel et al., 2006), by HPLC (Beckman) equipped with a System
Gold Programmable Detector Module 166-UV-Vis (Beckman Coulter, USA), using a
Purospher RP-18 column (25 cm x 0.4 cm; 5 um particle size). The mobile phase was
20 mM NaH;PO4 (pH 2.7 with orto-phosphoric acid), with a flow rate of 1 ml/min. The
volume of each injection was 20pl.

The data were subjected to analysis of variance (ANOVA) and means were
compared by using a t-test.

RESULTS AND DISCUSSION

Citric acid was by far the most abundant organic acid in almost all cultivars (Table
1). Only in the case of ‘Setubalense' mandarin it was not. The concentration of citric acid
was almost always higher in fruits from organic production. Only in 'Fortune' mandarin,
the concentration of citric acid was higher in fruits from conventional agriculture. In
previous studies, higher levels of citric acid in organic fruits versus conventional were
found in peaches (Carbonaro et al., 2002).

Ascorbic acid concentration in the juice was generally higher in citrus fruits
produced in the organic orchards (Table 1). However, this difference was not detected in
all cultivars included in this study. In ‘Valencia late’ and ‘Baia’ oranges the concentration
of ascorbic acid was higher in the juice of the fruits from organic farming, but in other
orange cultivars (‘Dalmau’, ‘Newhall’, ‘Lanelate’ and ‘Rohde’) no differences were
detected between the fruits from different production systems.

Some of the mandarin or mandarin type cultivars (‘Fina’, ‘Hernandina’, ‘Fortune’,
‘Fremont’, Ortanique’ and ‘Tangera’) had higher ascorbic acid concentration in the
organic farming fruits, but in the two hybrids between Citrus deliciosa and Citrus nobilis
(‘Encore’ and ‘Wilking’) the opposite was true. No statistically significant differences
were detected in ‘Setubalense’, ‘Nules’ and ‘Nova’ mandarins, as well as in ‘Lisboa’
lemon. Our results do not contradict those obtained previously with ‘Rio Red’ grapefruit
and ‘Tarocco’ red oranges, but show that enhanced vitamin C content is not always
associated with organic farming, but depends strongly on citrus species and cultivar.
Carbonaro et al., (2002) found an increase in ascorbic acid content in peaches from
organic farming but no differences were found in pear, showing that this observation may
be valid for other types of fruit.

Comparing different organic acid contents between organic versus conventional
farming, no conclusive differences were found in strawberry (Hakala et al., 2002), pears
(Carbonaro et al., 2002) and cabbage (Sousa et al., 2005). Soups prepared from
organically cultivated vegetables had almost six times as much salicylic acid than
conventional soups (Baxter et al., 2001).

Malic acid was present in significant amounts in all analysed citrus fruits. In most
cultivars, the concentration of malic acid was higher in fruits coming from organic
farming. Exceptions were the 'Fortune' mandarin and 'Rohde’ orange.

The concentration of tartaric acid, showed no significant differences between the
two modes of production in many cultivars. In the case of cultivars 'Nova', 'Fremont’,
'Fina’, 'Rohde’, 'Baia’ and 'Dalmau, ' the superiority of organic farming was statistically



significant. Only in 'Valencia late' the concentration of tartaric acid was higher in fruits of
conventional agriculture. Still, comparing the averages of two modes of production in all
cultivars, it was found that the fruits of organic farming had more tartaric acid (32.0
mg.100 mI™) than those of conventional agriculture (28.2 mg .100 mI™).

Malonic acid concentration was higher in organic farming in six cultivars and was
lower in two. On average, across all cultivars malonic acid concentration was higher in
fruits from organic agriculture.

With respect to oxalic acid, the organic fruit had a lower concentration in
comparison with conventional farming in ‘Carvalhais’, ‘Fortune’, ‘Encore’ and ‘Valencia
late’. In ‘Fremont’ mandarin, the concentration was higher in the fruits from organic
orchards. In other cultivars, no statistically significant differences were found between the
two farming systems. On average, across all cultivars oxalic acid concentration was
higher in fruits from conventional farming system.

CONCLUSIONS

Our results show that under soil, climate and agronomic conditions of the Algarve,
citrus grown in organic farming are better producers of organic acids (citric, malic,
tartaric, ascorbic and malonic), compared with conventional production. The
concentration of oxalic acid was higher in fruits from conventional farming. In both cases
response depended on species and cultivar.
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Table 1. Effect of orchard management on organic acid concentration in the juice of 18 citrus cultivars.

Cultivars

Organic acid concentration (mg.100 ml™)

Citric Ascorbic Malic Tartaric Malonic Oxalic
Conv. Org. Sign.(1) Conv. Org.Sign. ~ Conv. Org.Sign. Conv. Org.Sign. Conv. Org.Sig.  Conv. Org.Sign.
Carvalhais 648 839 NS 29,6 48,7 ** 85.8 106.7 NS 60.6 59.9 NS 24.1 37.4** 13.4  9.2*
Ortanique 524 1009 ** 54 12,1 * 96.5 192.5* 10.0 13.2Ns 72 7.0NS 83 95Ns
8| Nova 95 835** 21,7 25,8 NS 975 179.8** 10.5 18.9** 206 16.3NS 108  9.1NS
§ Fremont 226 574 ** 7,2 33,0 ** 86.9 165.5** 39.2 634~ 17.7 316~* 10.0 149+
S| Fortune 966 615* 4,3 27,2 ** 152.8 101.1** 126 8.2Ns 10.9 23.2* 139 6.0*
§ Encore 724 899 * 74 34~ 55.7 90.0 ** 38.5 40.4Ns 6.2 8.8NS 11.8 9.4+
% Wilking 439 754~ 175 8,1 ** 578 94.7 ** 9.0 9.7Ns 265 5.6** 7.7 8.3NS
Z| Hernandina 239 462+ 15,6 38,7 * 195.4 229.9 NS 152 14.6Ns 124 171+ 75 6.3NS
§ Nules 302 286NS 18,1 25,2 NS 46.0 64.2NS 7.7 11.2NS 106 5.4NS 121 8.3NS
Fina 338 510** 38,4 56,4 * 112.7 138.1NS 35.9 50.0* 15.3 23.9** 13.7 17.7NS
Setubalense 34 78 NS 245 23,6 NS 59.4 73.3NS 53.9 46.6 NS 10.2 17.4 NS 6.4 6.6NS
Rohde 477 788 NS 41,5 66,8 NS 116.6  57.7 ** 122 199+ 19.8 31.1NS 88 6.8Ns
" Lanelate 402 632~ 33,8 35,2 NS 90.7 89.1Ns 36.9 48.4Ns 189 25.3NS 10.5 13.4NS
“é Newhall 1199 1110NSs 50,8 44,7 Ns 232  72.2* 37.8 56.5NsS 33.7 33.9Ns 156 12.0NS
g Baia 633 797 NS 359 57,4 * 45.8 53.7NS 18.8 48.3* 28.1 30.9Ns 106 6.4NS
Dalmau 1288 1230 NS 66,6 52,6 NS 35.0 67.7* 38.7 484~ 446 29.6 ** 16.2 19.0NS
Valencia late 891 968 NS 82,0 86,0 ** 142.0 124.0 = 36.0 30.0 ** 26.0 26.0NS 24.0 16.0 **
Lemon ‘Lisbon” 3801 3614 NS 5.9 10.4NS 59.4 116.7NS.  17.2 10.6NS 6.0 21.7* 0.0 03NS
Average 772 896 ** 324 40.6™** 91.2 117.6** 28.2 32.0** 19.6 21.7** 122 10.3**

(1) Level of Significance: NS - Non significant; * - Significant difference at P < 0.05; ** - Significant difference at P < 0.01.



