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Abstract 
This study was undertaken to evaluate the influence of growing systems (conven-
tional, organic and biodynamic performed with two types of manuring) on some nu-
tritional traits of the tomato breeding line CXD271BIO (Solanum lycopersicum L.). 
Experimental fields were in the same geographical area and the cultivations were 
performed over five years. The content of macronutrients, minerals (Ca, K, Mg, P, 
Na), trace elements (Fe, Zn, Cu, Mn) and phenolic acids (chlorogenic, caffeic, 
p-coumaric and ferulic acids) was determined. The biodynamic A growing system 
showed the highest protein and carbohydrates content compared to the other grow-
ing systems. Data on minerals and trace elements content showed significant differ-
ences (mainly in Ca, Na, Fe and Zn content) between conventional and biodynamic 
tomatoes, whereas no major impact of the fertilization among organic and the two 
biodynamic growing systems was observed. Appreciable differences in phenolic acids 
biosynthesis were observed, with the year of harvest showing a marked effect espe-
cially on chlorogenic, p-cumaric and ferulic acids content. Conversely, the cultiva-
tion system did not show major influence. Principal Components Analysis (PCA), 
performed on mineral and phenolic acids content, substantiated the large effect of 
the year of harvest, also suggesting an effect of the conventional cultivation system. 
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1. Introduction 

Tomato is one of the most consumed crops in Italy. The last national food consumption 
survey highlighted daily tomato consumption in Italy of 75 g (41.9 g/day raw and 34.1 
g/day tomato-based products) [1]. This high tomato daily consumption contributes to the 
intake of a number of secondary metabolites considered beneficial for human health. 
Among these, phenolic compounds have long been recognized for their potentially pro-
tective effect on human health exerted through several complementary pathways (anti-
oxidant, anti-inflammatory, anti-proliferative and cell-signaling properties) [2]-[4]. Phe-
nolic acids in plants are mainly involved in the tissue defense against infection by patho-
gen or damage by ultraviolet radiation. Multiple stressing factors can thus influence the 
synthesis of these bio-active molecules having specific protective role in plants [5] [6]. 
Consequently, their content in plants is highly variable and controlled by a broad spec-
trum of factors of both intrinsic (e.g. the genotype) [7] and extrinsic nature such as the 
environmental conditions of the growing area (temperature, light exposure) [8]-[10] and 
the cropping systems utilized (conventional, organic, biodynamic) [11]-[13]. Therefore, 
the understanding of the variations in the phytochemicals content in relation to the 
aforementioned factors will significantly contribute to optimizing both the genetic poten-
tial of new cultivars and the growing system applied. Differences between organic and 
biodynamic agriculture, compared to the conventional one, rely on the cultivation sys-
tems. The organic and biodynamic agriculture don’t utillize synthetic inputs (fertilizers 
and pesticides) and green manures, compost and crop rotation are applied; furthermore 
specific preparations (fermented substances) are utilized by the biodynamic system such 
as field sprays and compost inoculants. The biodynamic cultivation system has shown 
to have beneficial impacts on the soil fertility. This is mainly due to a higher organic 
matter content and biological activity [14] [15]. The low nitrogen supply which charac-
terizes these two cultivation systems has been associated with higher levels of phenolic 
compounds synthesis in plants [12] [16] [17]. In a previous study carried out on straw-
berry [13], the biodynamic system was found to significantly increase the synthesis of 
some bioactive molecules (ascorbic acid, pelargonidin-3-glucoside, cyanidin-3-gluco- 
side, quercetin and kaempferol and ellagic acid) compared to the conventional one. 

This study was undertaken to evaluate the influence of the cultivation system on 
some nutritional traits of the tomato CXD271BIO breeding line (Solanum lycopersi-
cum L.), a cultivar of potential interest for organic cultivation. To achieve this purpose, 
starting from 2009, the same tomato cultivar (CXD271BIO) was cultivated following 
conventional, organic and biodynamic growing systems. The impact of the different 
growing systems on phenolic acids (chlorogenic, caffeic, p-coumaric, ferulic), macro-
nutrients, minerals (Ca, K, Mg, P, Na) and trace elements (Fe, Zn, Cu, Mn) content in 
the selected tomato cv. was assessed. 

2. Materials and Methods 
2.1. Plant Material and Cultivation Systems 

Tomatoes, belonging to the breeding line CXD271BIO (Solanum lycopersicum L.), 



L. D’Evoli et al. 
 

1114 

were grown in the same area in center Italy (Lazio region) following conventional, or-
ganic and biodynamic growing systems. The analyses were carried out over a cultiva-
tion period from 2010 to 2014. The biodynamic cultivation was performed in a model 
growing system following a changeover (starting from 2009) of part of an organic farm 
to biodynamic cultivation. Tomatoes were cultivated outdoors in two field replicates on 
the ground, without any kind of ground covering. The cover crop was tilled in the soil 
(green manure) and was composed of Italian clover (Trifolium incarnatum), Egyptian 
clover (Trifolium alexandrinium), white lupin (Lupinus albus), oats (Avena sativa) and 
sunflower (Helianthus annuus). Tomatoes cultivation was preceded by crop rotation, 
with a sequential planting of brassica, courgette and fennel. The biodynamic cultivation 
was performed following two types of manuring to improve the fertility and biodiversi-
ty of the microfauna and microflora of the soil: A) Biodynamic with treatments (com-
post, 500p, 501 and green manure); B) Biodynamic without treatments, only compost 
and green manure (multifloreal) was used. The 500p and 501 are the original biody-
namic preparations; the 500 preparation (horn-manure) is made from cow manure 
(fermented in a cow horn that is buried in the soil for six months through autumn and 
winter) and it is used as a soil spray to stimulate root growth and humus formation. 
The 501 preparation (horn-silica) is made from powdered quartz (packed inside a cow 
horn and buried in the soil for six months to spring and summer) and applied as a fo-
liar spray to stimulate and regulate growth. The compost composition is the following: 
502 yarrow blossoms (Achillea millefollium), 503 chamomile blossoms (Camomilla of-
ficinalis), 504 stinging nettle (Urtica dioica), 505 oak bark (Quercus robur), 506 dande-
lion flowers (Taraxacum officinale), 507 valerian flowers (Valeriana officinalis). All the 
plants were irrigated following the same irrigation frequency, time and flow. Tomatoes 
of all the cultivation types, over three growing seasons (2010, 2012 and 2014), were 
harvested at ripe stage, randomly picked from different rows of the respective cultiva-
tion system and 5 Kg of each were delivered directly to the laboratory. Undamaged to-
matoes were pooled into 3 batches, on the basis of the cultivation system utilized. On 
each batch three independent analyses were performed. Some aliquots were directly 
analyzed, others were stored at −30˚C until analysis. 

2.2. Methods 
2.2.1. Proximate Analysis 
Moisture, protein (nitrogen x 6.25), lipid and ash were determined by AOAC methods 
[18]. Carbohydrates content was calculated by difference. 

2.2.2. Minerals and Trace Elements 
Samples were analyzed for minerals (Ca, Mg, K, P, Na) and trace elements (Fe, Zn, Cu, 
Mn) contents by ICP-Plasma (Optima 3200XL-Perkin-Elmer) after liquid ashing (4 mL 
HNO3 + 1 mL H2O2) in a microwave digestion system (Milestone, 1200 Mega). Stan-
dard Reference Materials: Cabbage (IAEA-359, International Atomic Energy Agency 
Reference Materials Group) and Haricots vert (BCR 383, Community Bureau of Refer-
ence, Brussels) were analyzed as a proof for the accuracy of the analyses. 



L. D’Evoli et al. 
 

1115 

2.2.3. Phenolic Acids 
Caffeic, p-coumaric and ferulic acids were separated by RP-HPLC (Waters 996) 
equipped with a detector PAD, on an Alltima C18 column (4.6 mm - 250 mm, Alltech 
Associates) following the method by [19]. For caffeic, p-coumaric and ferulic acids a 
liquid/liquid extraction by diethylether (0.01% BHT) was carried out after room tem-
perature acid hydrolysis under a nitrogen flow. Chlorogenic acid was extracted by a 
methanol/12.5% acetic acid mixture (85/15) in an ultrasonic bath without the hydroly-
sis step following the extraction method by [20]. The extracted solutions were dried in a 
rotavapor system at 3˚C and the residues dissolved in the mobile phase (A: HCOOH 
0.5%; B: CH3CN, HCOOH 0.5%). Gradient elution was performed for caffeic, p-cou- 
maric, ferulic and chlorogenic acids (A 95%; 45 min, A 5%; 50 min, A 5%). The quanti-
fication of phenolic compounds was performed using the calibration curves of their re-
spective standards. The calibration curves were linear in the range studied with a corre-
lation coefficient of 0.999. 

2.2.4. Statistical Analysis 
The effect of cultivation system and harvesting year on the phenolic acids and minerals 
content was evaluated by means of a t-test analysis. The effect was considered signifi-
cant at P < 0.05. Principal component analysis was performed on the phenolic acids and 
minerals data. 

3. Results and Discussion 
3.1. Proximate Composition 

Mean data on proximate composition in tomatoes grown by conventional, organic and 
two types of biodynamic growing systems (A, B) are shown in Table 1. Moisture con-
tent was significantly higher (p < 0.05) in the conventionally grown tomatoes compared 
to the organically and the biodynamically grown ones, by contrast it was very similar 
among the three types of organic growing systems (Table 1). 

These results agree with previous studies showing a trend toward a low moisture 
content in organic food compared to conventional ones [21]-[23]. Significant differ-
ences (p < 0.05) in ash content, only between conventional and organic tomatoes, were 
observed (Table 1). With regard to protein content, Biodynamic A (with treatments) 
tomatoes showed the highest protein content (1.34 mg/100g), the differences in protein 
content were significant (p < 0.05) among all the growing systems except that between 
conventional vs. biodynamic B (without treatment) (Table 1). No differences were evi-
denced in lipid content; carbohydrates content resulted significantly lower (p < 0.05) in 
the conventionally grown tomatoes compared to the other growing systems, but no dif-
ferences were observed among tomatoes grown by organic and biodynamic A and B 
growing systems (Table 1). 

3.2. Minerals and Trace Elements 

Mean data on minerals and trace elements content are shown in Table 1. Among min-
erals, both Ca and Na content was significantly higher (p < 0.05) in conventional 
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Table 1. Proximate composition, minerals and trace elements content in tomato (cv. CXD 
271BIO). 

  Conventional Organic  Biodynamic A  Byodinamic B 

  Mean SD Mean SD Mean SD Mean SD 

Proximate  
composition 

         

Moisture g/100g 94.7a 0.45 92.9b 0.48 92.1b 0.90 92.7b 0.63 

Ash g/100g 0.59a 0.06 0.52b 0.03 0.62a 0.06 0.58a 0.01 

Protein g/100g 0.91a 0.12 1.0b 0.25 1.34c 0.04 1.04a 0.15 

Lipid g/100g 0.2 0.001 0.2 0.001 0.2 0.001 0.2 0.001 

Carbohydrates* g/100g 3.61  4.04 0.54 5.71 0.90 5.48 0.65 

Minerals          

Ca mg/100g 6.49a 1.46 7.41ab 1.31 5.12b 0.75 6.21b 2.66 

K mg/100g 192 26.4 229 62.8 263 10.8 260 136 

Mg mg/100g 9.49 1.59 10.34 0.7 9.99 2 9.96 4.55 

P mg/100g 30.06 3.74 26.9 11.4 23 2.9 23.89 8.52 

Na mg/100g 3.49a 0.38 2.79ab 0.45 2.36b 0.16 2.55ab 1.25 

Trace elements          

Fe mg/100g 0.17a 0.03 0.25ab 0.09 0.25b 0.02 0.24ab 0.11 

Zn mg/100g 0.13a 0.04 0.16ab 0.04 0.16b 0.01 0.16b 0.07 

Cu mg/100g 0.06 0.01 0.07 0.01 0.06 0.00 0.07 0.04 

Mn mg/100g 0.05 0.00 0.06 0.01 0.07 0.00 0.07 0.01 

Values are the Mean and SD of three determinations. *Carbohyrates: calculated by differences. Values in the same 
row followed by different letters indicate significant differences (p < 0.05). 
 

tomatoes compared to the biodynamic A and B ones, probably due to the different fer-
tilization approach utilized (Table 1). As far as trace elements were concerned, signifi-
cant differences (p < 0.05) were observed in Fe content between conventional vs. bio-
dynamic A tomatoes as well in Zn content between conventional vs. both biodynamic 
A and biodynamic B tomatoes. By contrast, no differences in minerals and trace ele-
ments content among the organic and biodynamic (A and B) growing systems were 
observed. It is conceivable that, as the mineral composition of the soil is strictly depen-
dent on the cultivation system, the fertilization treatments applied by both organic and 
biodynamic cultivations resulted in a similar soil composition of the three experimental 
fields. 

3.3. Phenolic Acids 

Figure 1 shows the phenolic acids content in tomatoes by both year of harvest and cul-
tivation system. Chlorogenic acid was the most abundant among the phenolic acids 
(Figure 1(a)). Higher amounts of chlorogenic acid were detected in tomatoes of all the 
growing systems in the last harvesting year (2014) compared to the other two years  
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Figure 1. Chlorogenic (a), caffeic (b), p-cumaric (c) and ferulic (d) acids content (μg/g) in tomato (cv. CXD271BIO) from different 
growing systems by harvesting year. 

 
(Figure 1(a)); the differences among the growing systems were found significant (p < 
0.05) only the last cultivation year (2014), when conventionally grown tomatoes 
showed lower amounts compared to the other growing systems. Caffeic acid showed a 
very low range of variation both among cultivation systems and harvesting years 
(Figure 1(b)). In the framework of defense mechanisms, special attention is deserved to 
p-coumaric and ferulic acids because of their ability to form esterified bonds with the 
cell wall’s polysaccharides. An increase in their content is thought to be related to an 
augmented fruit firmness and, consequently, to an increase in tissue mechanical resis-
tance to pathogen attack [24]. In this study both p-coumaric and ferulic acids showed 
differences in their content only among the harvesting years. P-coumaric acid doubled 
its content form the first (2010) to the last (2014) harvesting year (Figure 1(c)); ferulic 
acid content in the last harvesting year (2014) was 4.5 times higher compared with both 
2010 and 2012 harvesting years (Figure 1(d)). Furthermore, in the last harvesting year 
(2014), significantly lower amounts (p < 0.05) of ferulic acid were found in the conven-
tionally grown tomatoes compared to the other cultivation systems (Figure 1(d)). The 
phenolic acids content in the tomato cultivar analyzed in this study was lower com-
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pared to the literature [25]-[28]. Previous studies reported cultivar to be the major fac-
tor contributing to the phenolic acids content in tomato [29] [30], this becomes an 
emerging factor especially when fruits are grown under similar environmental condi-
tions [31]. Previous studies [31] [32] also pointed out that growing season had a large 
impact on the variability of phenolic compounds content compared to the cultivation 
system. In order to evaluate the overall effect of both the cultivation system and har-
vesting year, a principal components analysis (PCA) was performed on the phenolic 
acids and minerals matrix as an exploratory and non-supervised data analysis. The 
principal components (PC) 1 and 2 explain 62.9% of the total variance, and the plot 
(Figure 2) shows a separated distribution of the samples according to the harvesting 
year along PC 1, with the exception of conventional fruits harvested on 2010. The high 
effect of the harvesting year could be related to the climatic condition, since the bio-
synthesis of these molecules is very sensitive to solar radiation [33]. On the other hand, 
the plot shows a separated distribution of samples from conventional growing system 
regarding all types of organic cultivation (Organic, Biodynamic A, Biodynamic B) along 
PC 2, with the exception of fruits from organic growing system harvested on 2012 
(Figure 2). Therefore, the results of the PCA suggest the harvesting year as the main 
source of variance on phenolic acids and minerals content in tomato, with the second 
source of variance represented by the growing system (conventional or organic type 
systems). 
 

 
Figure 2. Score plot obtained by the PCA analysis (PC1 vs. PC2) of minerals, trace elements and 
phenolic acids data matrix from tomato fruits grown by different growing systems in 3 harvesting 
years (2010, 2012, 2014) and percentage of total variance explained by each PC. 
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4. Conclusion 

In this study, tomatoes of the same cultivar were grown following conventional and 
three types of organic cultivation (Organic, Biodynamic A and Biodynamic B) in the 
same area. This allowed preventing the variability due to the location of the farm, 
length of insolation, climate and genetic factors. Our findings indicate that the growing 
system had only marginal effect on nutritional properties of the tomato cultivar stu-
died. Similarly, data on minerals and trace elements content did not provide evidence 
of major impact of the fertilization among organic and the two biodynamic growing 
systems, whereas differences (mainly in Ca, Na, Fe and Zn content) were observed be-
tween conventional and biodynamic tomatoes. Appreciable differences in phenolic ac-
ids content among the harvesting years rather than among the growing systems were 
observed. The exploratory and non-supervised analysis of the PCA performed on phe-
nolic acids and minerals content confirmed the harvesting year as the main factor af-
fecting tomato composition, with a lower effect of the growing system which separated 
the conventional cultivation system regarding the three types of organic cultivation 
(Organic, Biodynamic A and Biodynamic B). Therefore, since phenolic acids are im-
portant bioactive molecules for human health, further long-term studies may provide 
more insight about the adaptation of the cultivar to the cultivation practices with re-
spect to this specific nutritional trait. 
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