
Potential isotopic and chemical markers for characterising organic fruits 1 
 2 
1
Camin F.*, 

1
Perini M, 

1
Bontempo L., 

2
Fabroni S., 

3
Faedi W., 

3
Magnani S., 

3
Baruzzi G., 

3
Bonoli 3 

M.,  
4
Tabilio MR, 

4
Musmeci S, 

5
Rossmann A., 

6
Kelly S.D., 

2
Rapisarda P. 4 

 5 
1
IASMA - Edmund Mach Foundation, via Mach 1, 38010 San Michele all’Adige (TN) Italy 6 

2
CRA-ACM, Corso Savoia 190, 95024 Acireale (CT) Italy 7 

3
CRA-FRF, Via la Canapona 1 bis, 47021 Magliano, Forlì, Italy 8 

4
CRA-FRU, via Fioranello 52, 00134 Roma, Italy

 
9 

5
Isolab GmbH, Woelkestr. 9/1, D-85301 Schweitenkirchen, Germany 10 

6
School of Environmental Sciences, University of East Anglia, Norwich, NR4 7TJ, UK 11 

 12 

* fax: +39 0461 615200; e-mail: federica.camin@iasma.it 13 

 14 
Keywords: organic/conventional; orange; peach; strawberry; H, C, O, N, S stable isotope ratios; 15 

quality parameters  16 

 17 

Abstract 18 
Several isotopic (

13
C/

12
C, 

15
N/

14
N, 

18
O/

16
O, 

2
H/

1
H, 

34
S/

32
S) and chemical-physical parameters (pH, 19 

fruit weight, juice yield, titratable acidity, total soluble solids, skin resistance, flesh firmness, 20 

colorimetric characteristics, weight loss after harvesting, antioxidant activity, earliness index, total 21 

nitrogen, ascorbic acid, synephrine, anthocyanins and polyphenols, citric acid, malic acid, sucrose, 22 

glucose and fructose content) were investigated as potential markers of organically cultivated 23 

oranges, clementines, strawberries and peaches produced in Italy between 2006 and 2008, in 24 

experimental fields and in certified farms. The ratio 
15

N/
14

N, ascorbic acid and total soluble solids 25 

were shown to be the most significant variables for distinguishing between organically and 26 

conventionally cultivated fruits. It was not possible to define general threshold limits typical of 27 

organic fruits because these parameters are influenced also by fruit specie, cultivar, year and site of 28 

production. Combining isotopic and chemical markers a good discrimination between organic and 29 

conventional fruits of different species was achieved. 30 

 31 

Introduction   32 

The application of nitrogen stable isotope ratio 
15

N/
14

N (expressed as d
15

N)  analysis to discriminate 33 

organic from conventional cultivation has been discussed in detail previously (Bateman, Kelly & 34 

Woolfe, 2007; Rogers, 2008). It is based on the fact that synthetic nitrogen fertilisers, commonly 35 

used in conventional agriculture and not permitted in organic agriculture, have d
15

N values 36 

significantly lower (from -6‰ to 6‰) than the manures and fertilisers (from 1‰ to 37‰) permitted 37 

in organic agriculture (Bateman & Kelly, 2007). Because for most terrestrial plants (except for N2-38 

fixator plants) the applied fertiliser is one of the main sources of nitrogen, organic crops should 39 

exhibit d
15

N values significantly higher than their conventional counterparts. This was in fact 40 

observed in several recent studies concerning principally vegetable crops produced mainly under 41 

controlled conditions (Nakano, Uehara, & Yamauchi, 2003; Choi, Lee, Ro, Kim & Yoo, 2002; 42 

Choi, Ro, & Hobbie, 2003; Bateman, Kelly & Jickells, 2005; Georgi, Voerkelius, Rossmann, 43 

Grassmann & Schnitzler, 2005; Schmidt et al, 2005; Rapisarda, Calabretta, Romano & Intrigliolo, 44 

2005; Bateman, Kelly & Woolfe, 2007; Camin et al., 2007; Flores, Fenoll & Hellín, 2007; Kelly & 45 

Bateman, 2009; Rapisarda, Camin, Fabroni, Perini, Torrisi & Intrigliolo, 2010). In general it can be 46 

concluded that the d
15

N analysis can be a useful discriminant tool for glasshouse grown crops and 47 

for other crops requiring intensive horticulture, but not for all cultivation typologies especially in 48 

soil grown crops with a long growth cycle. It was also suggested to combine this analysis with other 49 

analytical approaches (other stable isotope ratios or secondary metabolic profiling) to improve the 50 

discrimination capability. It is of note that most of the publications concerned crop production, 51 

whereas only two papers investigated fruits.   52 
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In this work we present the measurement of several isotopic and chemical-physical 53 

parameters as possible markers of organic oranges, clementine, strawberries and peaches cultivated 54 

in Italy between 2006 and 2008 in both experimental fields and in certified organic and 55 

conventional farms. The organic fruits were grown in accordance with Council Regulation (EC) No. 56 

834/2007 of 28 June 2007 on organic production and labelling of organic products and repealing 57 

Regulation (EEC) No. 2092/91. Along with d
15

N of fruit ‘pulp’, other isotopic ratios (
13

C/
12

C,
 

58 
2
H/

1
H, 

34
S/

32
S of ‘pulp’ and 

18
O/

16
O of fruit juice water) as well as some other chemical and 59 

physical characteristics (pH, fruit weight, juice yield, titratable acidity, total soluble solids, skin 60 

resistance, flesh firmness, colorimetric characteristics, weight loss after harvesting, antioxidant 61 

activity, earliness index, total nitrogen, ascorbic acid, synephrine, anthocyanins and polyphenols, 62 

citric acid, malic acid, sucrose, glucose and fructose content) were considered. Some of these 63 

parameters have been discussed in the literature as demonstrating the potential to discriminate 64 

between foods produced under organic and conventional regimes. Higher phenolic compounds, 65 

ascorbic acid and dry matter content was found in organic fruits or vegetables whereas higher 66 

nitrogen-alkaloids (such as synephrine, Rapisarda et al., 2005) and nitrate content were found in 67 

conventional products (Lairon, 2009), despite the fact that other studies have concluded that no 68 

significant differences between the two agricultural regimes have been observed (Dangour, Dodhia, 69 

Hayter, Allen, Lock & Uauy, 2009). The observed differences may be explained by the fact that in 70 

the case of nitrogen limitation, which more often occurs in organic production regimes, plants 71 

would enhance synthesis of ‘nitrogen-poor’ compounds. Another explanation at least to interpret 72 

increases in antioxidants in organic samples is that the increased pathogen pressure leads to a build-73 

up of endogenous plant defence compounds (Brandt & Molgaard, 2001; Carbonaro, Mattera, Nicoli, 74 

Bergamo & Cappelloni, 2002). Significantly lower d
13

C was moreover observed in organic onions 75 

and cabbages (Georgi et al., 2005), due to the higher microbiological activity in the soil of the 76 

organic regime resulting in respiratory CO2 with lower d
13

C. Another explanation could be that in 77 

conditions of higher N availability as in conventional crops, rate of photosynthesis may increase, 78 

followed by lower discrimination of the enzyme RuBisCo against 
13

CO2 (Hogberg, Johannosson, 79 

Hog, Nasholm & Hallgren, 1995). Georgi and co-authors (Georgi et al., 2005) also hypothesised 80 

different 
18

O and 
2
H content in organic and conventional productions, as a consequence of the 81 

different density and size of plants that characterise the two agricultural regimes. These in fact can 82 

influence factors such as evapotranspiration and water uptake of plants, with a significant effect on 83 

d
18

O and d
2
H of plant water and material. Moreover we suppose that organic product fertilised with 84 

marine-derived fertilisers, should have higher d
34

S values than sulphate fertilisers derived from 85 

sulphuric acid, because marine sulphate possesses a higher 
34

S content (Otsuchi, Sanriku, Carvalho, 86 

Hayashizaki & Ogawa, 2008; Schmidt, Quilter, Bahar, Moloney, Scrimgeour & Begley, 2005). 87 

However, to our knowledge no evidence of these latter differences are reported in the literature.  88 

The aim of the present study was to assess if the combination of several analytical 89 

approaches allow to discriminate between organic and conventional fruits. This is an important 90 

issue because despite the increasing higher value of the organic market, traceability of organic 91 

products is solely based on adherence to specific guidelines (EC Regulation No. 834/07). The 92 

availability of markers allowing to determinate the agricultural regime of commercial products and 93 

therefore to verify labelling claims can greatly help fraud prevention.   94 

 95 

Materials and methods 96 
In Table 1 the number of samples grouped by year and area of production, cultivar and 97 

agricultural systems is shown.  98 

Oranges and clementines were produced from 2006 to 2008 in several conventional and 99 

certified organic farms in Sicily and Calabria respectively, managed for at least 3 years according to 100 

conventional and organic agricultural practices and selected in order to have homogeneity of age 101 

and rootstock of the orchards. Conventional farming systems were based on the Best Agricultural 102 

Practices of the region, according to the Integrated Pest Management (IPM) approach. Nutrient 103 

inputs were made with granular synthetic fertilizers both in simple (N, P, K) and in complex (NPK) 104 



forms. Organic farms were managed according to EC Regulation 2092/91. Main N inputs were 105 

derived from organic fertilizers consisting of composted plant and animal residues, while P and K 106 

inputs were derived from soft ground rock phosphate and a potassium sulfate salt (containing 107 

magnesium) , respectively. For each sample, 30-40 oranges and 40-60 clementines were taken 108 

directly from the producers, collecting 1 or 2 samples in each farm. We considered 2 varieties of  109 

oranges, ‘Navelina’ with yellow flesh and ‘Tarocco’ with red flesh, and the cultivar ‘Comune’ for 110 

clementines.  111 

Organic and conventional peaches were produced from 2006 to 2008 in 2 adjacent orchards 112 

of the experimental field of the CRA-FRU (Rome), that were subjected to the same irrigation, 113 

thinning and pruning practices and to the same soil management. Before the field based 114 

experiments were started, 50% of Lolium perenne, 40% of Festuca rubra and 10% of Poa pratensin 115 

were cultivated. Organic orchards received 3 different quantities of certified organic fertiliser: one 116 

with a contribution in N, K and P identical to the conventional orchard (112 kg/ha of N, 60 kg/ha of 117 

P, 85 kg/ha of K), and the other two with a lower contribution (78 kg/ha of N, 51 kg/ha of P, 56 118 

kg/ha of K and 44 kg/ha of N, 41 kg/ha of P, 27 kg/ha of K. Each sample was made of 5 fruits from 119 

the trees of one row, considering: 4 cases (1 conventional and 3 organic); 2 cultivars: ‘Spring lady’ 120 

with yellow pulp and harvest time at the first two weeks of June, and ‘White Queen’ with white 121 

pulp and harvest time in the first two weeks of August; from 1 to 3 rows of trees; 2 sampling times 122 

in a period of two weeks.  123 

Strawberries were produced in an experimental farm of CRA FRF located at Cesena (Emilia 124 

Romagna) and in conventional and certified organic farms in Verona (Veneto) and in Metaponto, 125 

(Basilicata). The experimental strawberries of 4 different cultivars from Cesena were grown from 126 

2006 to 2008 in 2 adjacent fields with similar pedological characteristics, adopting a cultivation 127 

system at open field and the organic or traditional practices indicated in the production rules of the 128 

region Emilia Romagna. Strawberry samples from Verona and Metaponto were cultivated in 2007 129 

and 2008 in conventional and certified organic farms, considering one farm for each site and for 130 

each agricultural system. Fruits of 3 different cultivars were grown in protected crop culture. The 131 

following applications of nitrogen were applied to the conventional strawberries: 125 Kg/ha of 132 

organic nitrogen in Cesena, 150 Kg/ha in Verona, 210 Kg/ha in Metaponto and, after planting, 12 133 

Kg/ha of mineral nitrogen in Cesena, 120 Kg/ha in Verona and 100 Kg/ha in Metaponto. For 134 

organic fruits the soil was managed with a quadrennial cycle crop rotation  using Brassica Juncea in 135 

Cesena and wheat in Verona; in Metaponto soil was managed with a crop rotation composed of 136 

green manure based on leguminous plants. Each sample was composed of approximately 20 fruits 137 

taken from one plant. 138 

 139 

Stable isotope ratio analysis 140 

All of the samples were subjected to the analysis of 
15

N/
14

N and 
13

C/
12

C in the fruit pulp and of 141 
18

O/
16

O in the fruit juice water. 
2
H/

1
H and 

34
S/

32
S of pulp were measured in a subset of samples. 142 

Pulp was extracted from fruits following the procedure of the ENV 13070 method. In the case of 143 

strawberries a preliminary filtration was made in order to eliminate the seeds. 
13

C/
12

C and
 15

N/
14

N 144 

were measured using an Isotope Ratio Mass Spectrometer (Delta plus XP ThermoFinnigan, 145 

Bremen, Germany) following total combustion in an Elemental Analyser (EA Flash 1112 146 

ThermoFinnigan) whereas, 
2
H/

1
H was measured following pyrolysis in a High Temperature 147 

Conversion/Elemental Analyser (TC/EA ThermoFinnigan) of the sample. 
34

S/
32

S was measured 148 

with a Vario EL III elemental analyser (Elementar Analysensysteme GmbH, Hanau/Germany) 149 

coupled to a GVI 2003 or a GVI Isoprime IRMS (GV Instruments Ltd., Manchester, UK) for the 150 

simultaneous determination of C, N and S isotopic ratios. The operational conditions have been 151 

reported in previous publications (Camin, Perini, Colombari, Bontempo & Versini, 2008; Perini, 152 

Camin, Bontempo, Rossmann & Piasentier, 2009).
 18

O/
16

O of juice water was analysed in CO2 153 

according to the water equilibration method described in the ENV 12141 method (Isoprep 18 VG 154 

ISOGAS – IRMS SIRA II VG ISOGAS). The values were expressed in d‰ (Camin et al., 2010) 155 

against international standards (Vienna- Pee Dee Belemnite for d
13

C, Air for d
15

N, Vienna – 156 



Standard Mean Ocean Water for d
18

O and d
2
H, and V-CDT for d

34
S). The isotopic values were 157 

calculated against working in-house standards (commercial casein and tap water), calibrated against 158 

international reference materials: L-glutamic acid USGS 40 (IAEA-International Atomic Energy 159 

Agency, Vienna, Austria), mineral oil NBS-22 (IAEA) and sugar IAEA-CH-6 (IAEA) for 
13

C/
12

C 160 

and L-glutamic acid USGS 40 for 
15

N/
14

N measurement; NBS-22 for 
2
H/

1
H; V-SMOW for 

18
O/

16
O 161 

of water. The 
34

S/
32

S measurements were calibrated against a bovine casein reference material with 162 

an assigned value (d
34

S = 4.4‰) and IAEA S-1 silver sulphide standard. The 
2
H/

1
H values were 163 

corrected against the same casein reference material with an assigned value of d
2
H, according to the 164 

“comparative equilibration technique” (Wassenaar & Hobson, 2003)
 
 165 

The uncertainty (2σ) of measurements was ±0.3‰ for the d
13

C and d
15

N of pulp, ±0.2‰ for d
18

O in 166 

juice water, ±3‰ for the d
2
H and ±0.6 ‰ for d

34
S. 167 

 168 

Chemical parameters 169 

 170 

Citrus fruit (oranges and clementines) 171 

Physicochemical parameters (fruit weight, juice yield, total soluble solids, titratable acidity and pH) 172 

were measured using standard methods (Kimball, 1991). The colour of the peel and pulp was 173 

evaluated as CIE L*a*b* values using a Minolta CR-300 chroma meter (Minolta Camera C., Osaka, 174 

Giappone). Ascorbic acid content was measured using a HPLC system (Waters, Milford, CA) 175 

(Rapisarda & Intelisano, 1996). Briefly, 10 mL of juice was diluted to 100 mL with a solution of 176 

3% metaphosphoric acid. The sample was centrifuged at 5000 rpm for 20 min and filtered through a 177 

0.45 µm syringe filter prior to HPLC injection. The column was a 250 mm x 4.6 mm i.d., 5 µm, 178 

Hypersil ODS (Phenomenex, Torrance CA) and the solvent system was isochratic and composed of 179 

0.02 M phosphoric acid at a flow rate of 1.0 mL/min. Total nitrogen in the juice was determined 180 

according the Kjeldahl method and synephrine content determined using the HPLC method 181 

described by Rapisarda et al. (2005).  182 

 183 

Peaches 184 

Total anthocyanin and polyphenol content, as well as the anti-oxidant activity, were measured in 185 

both peel and pulp. 5g of peel and pulp were suspended in 25 mL of a water solution containing 186 

70%
v
/v methanol acidified with 1%

 v
/v of 37%

 v
/v hydrochloric acid. After 2 hours in a boiling water 187 

bath (Bain-Marie) the solution was centrifuged at 3500 rpm for 15 minutes and the pellet was 188 

extracted again with 20 mL of acidified solution described above. The two supernatant fractions 189 

were combined and diluted to 50 mL with deionised water. 190 

Total anthocyanins were determined using a spectrophotometer (UV visible spectrophotometer 191 

Evolution 300 Thermo Scientific) by measuring the absorbance at 520 nm, whereas polyphenol 192 

content was determined according to the Folin-Ciocalteau method (Swain & Hills 1959). The 193 

results were expressed as mg of cyanidin chloride/100 g of fresh fruit for anthocyanins and as mg of 194 

gallic acid /100 g of fresh fruit polyphenols. The antioxidant activity was tested using the DPPH 195 

radical (2.2-diphenyl-1-picrylidrazyl) according to the procedure described in Brand-Williams, 196 

Cuvelier & Berset (1995) and it was expressed as mg of trolox/100 g of fresh fruit.  197 

 198 

Strawberries  199 

In 20 fruits of each sample, the following parameters were evaluated:  200 

- skin resistance (SR), compressing the fruits between two plates till a deformation of 2 mm 201 

occurred in a manual Durometer DFE (Chatillon Ametek Inc., LLOYD instrument, U.K.) 202 

- flesh firmness (FF): Ametek digital penetrometer with a 6 mm diameter star-shaped plug  203 

- total soluble solids (TSS): ° Brix, digital Refractometer Atago, PR-32 Alpha (LaboandCo, 204 

Torino, Italy) 205 

- titratable acidity (TA): 702 SM Titrino titolator, Metrhom Swiss; titolation with NaOH 0.1 206 

N, pH 7.00)  207 



- skin colour with a Minolta Chroma Meter CR-200 reflectance colorimeter (8 mm window, 208 

Japan), measuring the parameters L* (brightness), a* (red chromatic coordinate) and b* 209 

(yellow chromatic coordinate) and calculating ‘chroma’ as (a*
2
 + b*

2
)
1/2

.  210 

- content of sucrose, glucose and fructose using HPLC (WellChrom Knauer, Pump K-501 and 211 

IR detector K-2301, Germany), equipped with Aminex HPX-87H 300X7.8mm column 212 

(Biorad laboratories, Italy)  213 

- content of citric and malic acids using a HPLC (Agilent Technologies1100 series HPLC 214 

System, Italy) equipped with a UV detector and Aminex XPX-87H 300X7.8mm column 215 

(Biorad).  216 

- content of ascorbic acid using a Merckquant Ascorbic acid Test by reflectometric method 217 

(Rqflex, Merck Chemicals SPA, Italy).  218 

In another set of 20 fruits, the shelf life after 3 days at a temperature of 4°Celsius and 1 day at 219 

ambient room temperature (19-21°Celsius) was evaluated, determining variation of colour (DE) and 220 

Weight loss (Δp). 221 

 222 

Statistical analysis 223 

The data were statistically evaluated using Statistica v 8 (StatSoft Italia srl, Padua, Italy). 224 

 225 

Results and discussion 226 
In Tables 2, 3 and 4 the level of significance of the experimental factors influencing the isotopic and 227 

chemical data - agricultural regime (organic/conventional), cultivar, year and site of production and 228 

factor interactions when reliable (ANOVA results) -, as well as the mean and standard deviation of 229 

the data grouped according to agricultural regime, cultivar or production site and production year 230 

are summarised for citrus, peaches and strawberries, respectively. Strawberry samples were grouped 231 

according to their production site instead of cultivar, to have a lower number of more numerous 232 

groups.  233 

By applying Kolmogorov-Smirnov test, the data were shown to be normally distributed within the 234 

respective groups. Because variance was not always homogeneous among groups, both parametric 235 

(ANOVA and HSD, Honestly Significantly Different, for unequal N Tukey’s) and non-parametric 236 

(Kruskall-Wallis and multiple bilateral comparison) tests were applied in order to verify the 237 

significance of the analytical parameters as markers of the organic production and the influence of 238 

other variables (cultivar, year and site of production) in the data. Because the results of the two tests 239 

were generally in accordance, only the results of ANOVA and of HDS for unequal N Tukey’s test’s 240 

(Tables 2, 3, 4) are reported.  241 

 242 

Stable isotope ratios of H, C, N, O and S 243 

d
15

N was shown to be a highly significant parameter for distinguishing organic and conventional 244 

fruits (p<0.001 for oranges, peaches and strawberries) (Tables 2-4). This is due to the different 245 

fertilisation practices of the two agricultural systems. Synthetic mineral fertilisers derived from air 246 

in the Haber process (with lower d
15

N), are not permitted in the organic production (EC Regulation 247 

No. 834/07). Inspection of the Tukey’s test results (Tables 2-4) shows that the organic oranges and 248 

peaches of both the cultivars and of all the years considered as well as strawberries from Verona 249 

have d
15

N values of the pulp significantly higher (p<0.05) than the conventional cultivated fruits. 250 

For strawberries from Metaponto 2007 and Cesena and for clementine, d
15

N values were similar 251 

between organic and conventional fruits, because organic fertiliser was used in the conventional 252 

agricultural regime. The significantly lower d
15

N values of organic strawberries from Metaponto 253 

2008 can be explained by the fact that the soil was managed with crop rotation and derived from 254 

green manure based on leguminous (N-fixing) plants, that use air nitrogen with d
15

N close to 0‰.  255 

Beside the production system, d
15

N of peaches was significantly (p<0.001) affected by cultivar and 256 

year, whereas that of strawberry by cultivar, site of origin and by the interaction of site with 257 

production system. For oranges, only the production system was highly significant  (Table 2).  258 



d
13

C was found significant to distinguish organic and conventional peaches (p<0.01) and 259 

strawberries (p<0.05) (Table 3, 4), with the hypothesized significantly lower d
13

C values for organic 260 

fruits found only in White Queen peaches 2007 and 2008 (p<0.05). The lower values of peaches 261 

cannot be justified on this basis of the different microclimatic or soil conditions of the area 262 

(O´Leary, 1995), because climate, as well as soil, soil treatment, nitrogen availability of fertiliser at 263 

least for one organic thesis, irrigation and plant thinning out (see Material and Methods section) 264 

were exactly the same for the two crops. The lower values can be explained on the basis of the 265 

higher microbiological activity of the organic cultivation, as described previously in the literature 266 

(Georgi et al., 2005). However, factors such as cultivar or site of production resulted in more 267 

statistically significant differences of d
13

C values than the production system.  268 

The d
2
H of pulp measured in a subset of samples, was shown to be highly significant (p<0.001) for 269 

differentiating the production origin of strawberries whereas d
18

O of juice water was found to be 270 

significant for peaches (p<0.05). Considering different years, cultivar or site (Tables 2-4), we found 271 

pulp d
2
H to be significantly higher in organic strawberries from Verona and Cesena 2007 and in 272 

organic Navelina oranges from 2007. d
18

O values of juice water were found to be significantly 273 

higher in organic oranges Tarocco 2007, Clementine 2006 and 2008, in Spring lady peaches 2007 274 

and in strawberries Cesena 2007, whereas organic White Queen 2006 and strawberries from Cesena 275 

2008 had lower d
18

O. These differences can be explained on the basis of the different microclimatic 276 

conditions of the production area or the different density of cultivation and growing of the plants in 277 

the two agricultural regimes. These factors may effect the evapotranspiration process which is 278 

known to be followed by significant differences in isotopic fractionation. As observed for d
13

C, 279 

cultivar, year and site of production are however more significant than the production regime in 280 

influencing both d
18

O and d
2
H (Table 2-4) as expected because the latter are known to be good 281 

indicators of geographical origin (Kelly, Heaton & Hoogewerff, 2005; Camin et al., 2008). 282 

The d
34

S values of pulp were found not to be significantly affected by the production regime, but by 283 

the cultivar, site and year of production and by the interaction of site and production system for 284 

strawberries (Table 4). In fact, considering the sites separately (Table 4), organic and conventional 285 

strawberries showed significantly different d
34

S, but with opposite trends: they were higher in 286 

organic strawberries from Cesena 2007 and Metaponto 2007, but lower in those from Verona 2007.  287 

It appears that d
15

N is the only isotopic parameter that can be reliably used as a marker of organic 288 

fruits, because it discriminates the organic from the conventional fruits in most cases, and is less 289 

influenced by other variables, such as cultivar, year and site of production. This discrimination 290 

capability is reliable, if organic fertiliser is not used in the conventional regime as in the majority of 291 

cases or if in the organic production the soil has not been managed with crop rotation and derived 292 

from green manure based on leguminous (N-fixing) plants.  293 

Considering the real minimum value as a threshold value, we found a limiting value of d
15

N of 294 

4.6‰ for organic oranges, 0.4‰ for peaches and 1.8‰ for strawberries from Verona (Figure 1). 295 

However, up to 77% for oranges, 46% for peaches and 66% for strawberries of the conventional 296 

counterparts have d
15

N values higher than these limits. This overlapping is due to the fact that the 297 

d
15

N of plants depend also on the soil d
15

N composition, that is influenced by many factors such as 298 

climatic condition of the area, general soil conditions, long-term soil treatment and precedent land 299 

use (Bateman et al., 2007). However, even if these limits do not permit unequivocal differentiation 300 

of the organic fruits from the conventional ones, we believe that they can be an important indicator 301 

and an important starting point for a more complex analytical model capable of verifying the 302 

organic declaration on the label. It is noteworthy that considering samples of a single cultivar 303 

(Figure 1), the separation of organic from conventional fruits improves significantly, because other 304 

factors play a less significant role.   305 

The other isotopic parameters were shown to be less significant in the separation of organic from 306 

conventional fruits, because they were more significantly affected by cultivar, year and site of 307 

production and showed opposite trends. However, in the case of d
18

O of clementine juice water it 308 

was found to be one of the few parameters capable of distinguishing the organic from the 309 



conventional fruits. They could therefore be useful if combined with d
15

N or other variables in order 310 

to improve the discrimination between organic and conventional products.  311 

 312 

Chemical parameters 313 

Ascorbic acid and Total Soluble Solids (TSS) were found to be the most significant parameters for 314 

discriminating organic from conventional fruits (Table 2-4), because they were significant (p<0.05) 315 

for both the species analysed, citrus and strawberry. Examination of the Tukey’s test results (Tables 316 

2-4) shows that organic Tarocco oranges of both the years, clementine 2006 and strawberries from 317 

Cesena 2007, Verona 2007 and Metaponto have a significantly (p<0.05) higher ascorbic acid 318 

content than the conventional equivalents. TSS was significantly higher in organic Tarocco oranges 319 

in 2006 and in strawberries from Metaponto, but lower in strawberry from Cesena in 2008. Besides 320 

the agricultural regime, ascorbic acid was influenced by year and cultivar, whereas TSS was 321 

affected also by cultivar and site of production. Ascorbic acid was (in addition to d
18

O) the only 322 

parameter found significant (p<0.01) for clementine.  323 

Moreover, titratable acidity and citric acid content can significantly (p<0.001) differentiate organic 324 

from conventional strawberries (Table 4). Citric acid was significantly higher in most of the organic 325 

strawberries (Cesena 2007, Verona 2007, Metaponto 2007 and 2008), some of which (Verona 2007, 326 

Metaponto 2007 and 2008) also possessed higher titratable acidity (Table 4). On the other hand, 327 

titratable acidity was not significant for oranges. 328 

Flesh firmness in strawberry as well as total nitrogen in oranges and anthocyanin contents of peel 329 

and antioxidant activity of pulp in peaches, was significantly affected by the agricultural regime 330 

(p<0.01), even if the other variability factors were often more significant.   331 

The other quality parameters, when significant, often possessed opposite trends. For example 332 

synephrine was able to differentiate organic from conventional oranges but with an opposite trend; 333 

in fact it was not always lower in organic fruits, as observed elsewhere (Rapisarda et al., 2005), but 334 

it was significantly (p<0.05) higher in organic oranges Tarocco 06. A similar trend is evident for the 335 

sugar content of strawberries. 336 

Of the chemical characteristics, the N-poor compounds (that contribute to TSS) with an antioxidant 337 

activity (ascorbic acid, phenolic compounds) were found to be the most significant markers of 338 

organic fruits. They are generally higher in organic fruits because of the lower N availability and 339 

higher pathogen pressure of the plants, which may result in the bio-synthesis of N-poor and 340 

endogenous plant defence compounds (Carbonaro et al., 2002) 341 

It is difficult to define a threshold limit for these parameters, due to the large natural variability 342 

observed in these samples. In many cases in fact, the analytical parameters were more influenced by 343 

cultivar, year and site of production than by the agricultural regime.  344 

 345 

Combination of isotopic and chemical  parameters  346 

Because the combination of several analytical parameters has previously shown, in many cases, the 347 

potential to improve the discrimination capability between food origin populations (Camin et al., 348 

2010), we applied a multivariate canonical discriminate analysis to the most significant isotopic and 349 

quality variables, in order to establish if it is possible to enhance the separation between organic and 350 

conventional fruits. The canonical discriminant analysis (CDA) is a statistical analysis that 351 

maximises the difference between groups by means of a combination of the variables. It was 352 

applied only to orange and strawberry samples for which several analytical parameters were found 353 

significant and for which the number of samples for different groups was more consistent.  354 

For oranges, the CDA was applied to d
15

N, TSS, Ascorbic acid and Total N, that are the significant 355 

parameters highlighted by the ANOVA test (Table 2). One canonical variable (CAN) was identified 356 

loaded negatively with d
15

N (standardised coefficient: -0.86), TSS (-0.35) and Ascorbic acid  (-357 

0.19) and positively with Total N (0.39). The model was able to discriminate the 85% of the 42 358 

organic and of the 52 conventional samples, as proved by applying the classification discriminant 359 

analysis also following a cross-validation procedure (Camin et al., 2010). The cross-validation 360 

procedure consisted of using a subset of the analyzed samples as ‘unknowns’ to validate the model 361 



built on the basis of the remaining cases. In detail, 3 different sets of samples (around 10% of the 362 

original database) were removed from the data, and each time the model was calculated on the 363 

remaining cases and was validated with all the samples (including the excluded ones). Cross-364 

validation was applied to test the stability of the statistical model and its predictive discrimination 365 

power for unknown test samples.   366 

In the case of strawberry, d
13

C, d
15

N, FF, TSS, TA, ascorbic acid and citric acid were taken into 367 

account for the multivariate canonical discriminant analysis (d
2
H was not included because it was 368 

measured in a reduced number of samples). One canonical variable (CAN) was identified mainly 369 

loaded positively with d
15

N (0.78), titratable acidity (0.76) and ascorbic acid (0.45) and negatively 370 

with  TSS (-0.25). The classification discriminant analysis correctly reclassified 68% of the 80 371 

organic and 77% of the 78 conventional samples. The percentages of  correct reclassification were 372 

confirmed also adopting the cross-validation test. 373 

Therefore, the combination of many variables was able to improve the discrimination between 374 

organic and conventional fruits, even if did not achieve a total (100%) separation between them. 375 

If we reduce the variability factors, e.g. grouping the samples according to their cultivar (orange) or 376 

the origin (strawberry), the separation between organic and conventional fruits becomes more 377 

realistic. The Canonical Discriminant Analysis was applied to all the isotopic and quality 378 

parameters, selecting the most significant ones for the discrimination between origin/cultivar and 379 

agricultural regime, by performing a forward stepwise analysis (F to enter = 5; T = 0.01; number of 380 

steps = number of variables): the variables were included in the model one by one, choosing at each 381 

step the variable that made the most significant additional contribution to the discrimination (with 382 

the largest F value). The variable was excluded from the model if it was redundant (T < 0.01). 383 

Considering oranges, the stepwise discriminant analysis applied to 54 samples (complete dataset) 384 

selected for the discrimination of the 2 cultivars and the 2 agricultural regimes in order of 385 

significance: d
18

O, ascorbic acid, d
15

N, synephrine and d
13

C. Three independent discriminant 386 

functions (CANs) were computed: CAN1 (93%) loaded mainly negatively with  d
18

O (-0.80) and 387 

d
13

C (-0.49) and positively with ascorbic acid (0.61) and synephrine (0.65); RAD2 (6%) positively 388 

determined mainly by d
15

N (0.97) and negatively by d
13

C (-0.48). The reclassification discriminant 389 

analysis correctly reclassified 89% of the samples, reclassifying 100% of the 24 conventional 390 

Tarocco oranges and of the 6 organic Navelina, 83% of the 6 conventional Navelina (1 sample was 391 

misclassified as organic Navelina) and 72% of the 19 organic Tarocco (5 samples were 392 

misclassified as conventional Tarocco). The percentage of correct reclassification was confirmed 393 

after adopting the cross-validation procedure, excluding from the model each time 6 samples of 394 

Tarocco oranges (3 organic and 3 conventional) and 2 of Navelina (1 organic and 1 conventional). 395 

For strawberry, d
15

N, TA, d
18

O, d
13

C, FF, DE, sucrose and ascorbic acid were selected for the 396 

discrimination of the 3 origins and the 2 agricultural regimes (d
2
H and d

34
S were not included 397 

because measured only in samples of 2007). The CDA computed 5 CANs: CAN1 (69%) loaded 398 

negatively with d
13

C (-0.75), d
18

O (-0.73), FF (-0.60), TA (-0.58) and positively mainly with d
15

N 399 

(0.43); CAN2 (16%) determined positively mainly by d
15

N (0.80), DE (0.66), TA (0.66), ascorbic 400 

acid (0.42); CAN3 (10%) mainly positively by DE (0.57), TA (0.44) and negatively by d
18

O (-0.73), 401 

d
15

N (-0.56), d
13

C (-0.63). The reclassification discriminant analysis correctly reclassified 86% of 402 

the samples, reclassifying 100% of the 20 organic Metaponto samples, 96% of the 22 conventional 403 

Verona (1 samples misclassified as conventional Cesena), 90% of the 20 conventional Metaponto (1 404 

as organic Cesena and 1 as organic Metaponto), 83% of the 24 organic Verona (1 as conventional 405 

Cesena and 3 as conventional Verona), 81% of the 36 conventional Cesena (7 as organic Cesena) 406 

and 75% of the 36 organic Cesena (6 as conventional Cesena, 2 as conventional Metaponto and 1 as 407 

organic Verona). The percentage of  correct reclassification was confirmed adopting the cross-408 

validation test.  409 

Considering the strawberries produced in a single year (2007) grouped by both production system 410 

and geographical origin, d
34

S, DE, TA, d
2
H, d

18
O, d

15
N, fructose and sucrose were selected and 5 411 

CANs were computed. The combination of the first two canonical variables CAN1 (77%) and 412 



CAN2 accounted for 91% of variability (scores plot shown in Figure 2). CAN1 was loaded 413 

negatively mainly with d
34

S (-0.88), sucrose (-0.39) and d
15

N (-0.31) and positively with d
18

O 414 

(0.41) and d
2
H (0.38), whereas CAN2 was mainly determined positively by d

18
O (0.79), d

2
H (0.73), 415 

fructose (0.72) and negatively by sucrose (-0.77) and DE (-0.52). It is evident (Figure 2) that the 416 

model is able to discriminate completely the geographical origin of strawberry and, inside each 417 

area, it allows to distinguish also the agricultural regime. The reclassification discriminant analysis 418 

correctly reclassified 98% of the samples also with the cross-validation procedure, reclassifying 419 

correctly all the groups except for organic Cesena (88%, with 2 samples misclassified as 420 

conventional Cesena).  421 

To summarise, for oranges and strawberries, on the basis of the number or type of groups, different 422 

parameters were selected as significant for the discrimination between the groups (to separate only 423 

the agricultural regime or also cultivar or production site). Of the parameters, d
15

N was always 424 

significant and ascorbic acid was significant in most of the cases. 425 

For peaches, considering the 2 cultivars separately, an optimal discrimination between organic and 426 

conventional fruits was achieved with d
15

N (Figure 1). For clementine other analytical markers are 427 

needed in order to characterise the organic fruits. 428 

 429 

Conclusions 430 

The stable isotope ratio of nitrogen (expressed as d
15

N), ascorbic acid and total soluble solids (TSS) 431 

were found to be the most significant isotopic and chemical markers for distinguishing between 432 

organic and conventional fruits. It was difficult to define general threshold limits because most of 433 

the markers are influenced not only by the agricultural system, but also by fruit specie, cultivar, 434 

year and site of production. Nevertheless, these analytical measurements when applied with 435 

sufficient background knowledge can provide extremely useful intelligence to corroborate paper 436 

traceability or pesticide residue analysis information at the field or retail level. 437 

By combining isotopic and quality markers and by applying multivariate discriminant statistical 438 

tests, organic and conventional fruits were distinguishable, in particular when removing variability 439 

factors such as site, cultivar and year of production. In order to use these analytical parameters for 440 

verifying the authenticity of commercial organic fruits, it is necessary to previously analyse a 441 

significant number of authentic organic samples representative of the production and to apply 442 

multivariate statistical tests in order to select the most significant parameters on which to build the 443 

most suitable statistical model. 444 
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Figure 2: Canonical Discriminant analysis of isotopic and quality parameters of organic and 

conventional strawberries produced in 3 Italian areas in 2007: plot of the first two canonical 

variables 
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Table 1: Samples 

 

type of fruit variety year production site 
type of  
sample 

N. of  
organic  
samples 

N. of  
conventional  

samples 

Orange Tarocco 2006 Sicily commercial 18 24 

Orange Tarocco 2007 Sicily commercial 10 16 

Orange  Navelina 2007 Sicily commercial 14 16 

Clementine   2006 Calabria commercial 16 7 

Clementine  2007 Calabria commercial 6 6 

Clementine   2008 Calabria commercial 9 8 

Peach Spring lady 2006 Rome, Lazio experimental 6 2 

Peach Spring lady 2007 Rome, Lazio experimental 24 6 

Peach Spring lady 2008 Rome, Lazio experimental 24 4 

Peach White Queen 2006 Rome, Lazio experimental 6 2 

Peach White Queen 2007 Rome, Lazio experimental 11 4 

Peach White Queen 2008 Rome, Lazio experimental 24 6 

Strawberry Nora 2006 Cesena, Emilia Romagna experimental 2 2 

Strawberry Nora 2007 Cesena, Emilia Romagna experimental 4 4 

Strawberry Nora 2008 Cesena, Emilia Romagna experimental 4 4 

Strawberry Nora 2007 Verona, Veneto commercial 4 4 

Strawberry Nora 2008 Verona, Veneto commercial 4 4 

Strawberry Nora 2007 Metaponto, Basilicata commercial 4 4 

Strawberry Patty 2006 Cesena, Emilia Romagna experimental 1 1 

Strawberry Patty 2007 Cesena, Emilia Romagna experimental 4 4 

Strawberry Patty 2008 Cesena, Emilia Romagna experimental 4 4 

Strawberry Patty 2007 Verona, Veneto commercial 4 4 

Strawberry Patty 2008 Verona, Veneto commercial 4 4 

Strawberry Record 2006 Cesena, Emilia Romagna experimental 2 2 

Strawberry Record 2007 Cesena, Emilia Romagna experimental 4 4 

Strawberry Record 2008 Cesena, Emilia Romagna experimental 4 4 

Strawberry Queen Elisa 2006 Cesena, Emilia Romagna experimental 1 1 

Strawberry Queen Elisa 2007 Cesena, Emilia Romagna experimental 4 4 

Strawberry Queen Elisa 2008 Cesena, Emilia Romagna experimental 4 4 

Strawberry Eva 2007 Verona, Veneto commercial 4 4 

Strawberry Eva 2008 Verona, Veneto commercial 4 4 

Strawberry Candonga 2007 Metaponto, Basilicata commercial 4 4 

Strawberry Candonga 2008 Metaponto, Basilicata commercial 4 4 

Strawberry Camarosa 2007 Metaponto, Basilicata commercial 4 4 

Strawberry Camarosa 2008 Metaponto, Basilicata commercial 4 4 
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Table 2: Significance of the influence of agricultural regime (agr. reg.), cultivar and year on 

isotopic and chemical characteristics and mean and standard deviation of citrus samples grouped by 

cultivar and year. FW: fruit weight; JY: juice yield; TSS: total soluble solid; TA: titratable acidity; 

Total N: total nitrogen in juice; Syineph.: Syinephrine. N: number of samples measured. ns: not 

significant; *: significant, p<0.05; **: significant, p<0.01, ***: significant, p<0.001. Significantly 

different mean values (HSD Tukey’s, p<0.05) between organic and conventional fruits are 

highlighted with letters ‘a’ and ‘b’.  

 

    

d
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d
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N 
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d
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O 
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SMOW 
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‰ V-

SMOW 

d
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S 
pulp  
‰ 

CDT 

FW 
g 

JY 
% 

TSS 
% 

TA %  
citric 
acid pH 

VIT C 
mg/100mL 

Total N 
mg/L 

Syineph. 
mg/L 

Orange 

agr. reg. (org/conv) ns ***  ns  ns  ns ns  ns **  ns ns *  **  ns  

cultivar *** *  ***  ***  *** ns  ** **  ns ** ***  *  ***  

year *** ns  ***  ***  *** ns  ns ***  ns *** ***  ***  ns  

agr. reg. X cultivar ns ns   ns   **   ns *   ns ns   ns ns ns   ns   ns   

 
Tarocco 2006 

ORGANIC 

mean -25.6 7.3 a 0.6  -43  6.2 191 b 51 11.4 a 1.2 3.6 85 a 681  42 a 
std dev 1.0 1.9  0.5  5  1.7 30  4 1.0  0.2 0.1 8  99  5  
N 18 18  18  18  18 18  18 18  18 18 18  18  18  

 
Tarocco 2006  

CONVENTIONAL 

mean -25.3 5.4 b 0.7  -40  7.3 214 a 50 10.9 b 1.2 3.6 78 b 736  38 b 

std dev 0.6 1.1  0.7  6  2.3 35  7 0.9  0.2 0.1 7  124  5  

N 24 24   24   24   24 24   24 24   24 24 24   24   24   

 
Tarocco 2007 

ORGANIC 

mean -24.7 7.6 a 2.2 a       230   53 12.5   1.2 3.5 79 a 783   41 b 
std dev 0.6 0.6  0.8     48  4 1.2  0.2 0.2 10  88  7  
N 10 10  10     10  10 10  10 10 10  10  10  

 
Tarocco 2007  

CONVENTIONAL 

mean -24.7 5.1 b 1.5 b    209  55 11.6  1.3 3.4 70 b 801  51 a 

std dev 0.8 1.5  0.5     34  4 1.6  0.2 0.2 11  130  13  

N 16 16   16         16   16 16   16 16 16   16   12   

 
Navelina 2007 

ORGANIC 

mean -24.3 7.9 a 3.5   -28 a 4.6 218   47 12.7  1.3 3.4 72   667 b 23 b 
std dev 0.2 1.3  0.7  2  2.7 34  5 1.0  0.3 0.3 7  37  2  
N 14 14  14  9  14 14  14 14  14 14 14  12  8  

 
Navelina 2007 

CONVENTIONAL 

mean -24.4 6.1 b 3.9  -34 b 4.6 194  50 11.9  1.3 3.4 69  631 a 31 a 

std dev 0.5 0.8  0.5  6  2.0 28  5 1.2  0.3 0.3 13  77  8  

N 16 16   16   10   16 16   16 16   16 16 16   14   12   

Clementine 

agr. reg. (org/conv) ns ns  *  ns  ns ns  ns ns  ns ns **      

year ** ns  ***  *   **  * ns  ns ns ns      

agr. reg. X year ns ns   ns   ns     ns   ns ns   ns ns ns           

 
2006 

ORGANIC 

mean -27.0 6.6  1.0 a   6.7 101  46 12.1  0.9 3.5 62 a     
std dev 0.5 1.6  0.3    2.1 29  9 1.2  0.2 0.1 2      
N 16 16  16    14 16  16 16  14 12 10      

 
2006  

CONVENTIONAL 

mean -26.8 6.8  0.5 b   5.7 92  46 11.4  0.8 3.7 57 b     

std dev 0.3 1.8  0.4    0.9 27  4 0.6  0.1 0.0 2      

N 7 7  7      6 7  7 7  7 4 7      

 
2007 

ORGANIC 

mean -27.1 7.5   0.8   -36     69   45 11.3   1.1 3.5 62           
std dev 0.5 2.1  0.5  2   4  13 0.9  0.1 0.1 3      
N 6 6  6  6   6  6 6  6 6 6      

 
2007  

CONVENTIONAL 

mean -26.8 6.7  0.8  -35   69  50 11.5  1.1 3.6 59      

std dev 0.6 1.4  0.3  7   9  4 0.5  0.1 0.1 4      

N 6 6   6   6     6   6 6   6 6 6           

 
20078 

ORGANIC 

mean -26.4 8.0   0.4 a -40   91   42 11.3   1.2 3.6 62         
std dev 0.7 1.6  0.4  9   11  5 1.0  0.6 0.1 4      
N 9 9  9  9   9  9 9  9 9 9      

 
20078  

CONVENTIONAL 

mean -26.3 7.1  -0.2 b -43   86  37 11.0  0.9 3.6 60      

std dev 0.3 1.1  0.5  4   6  6 0.8  0.1 0.0 5      

N 8 8   8   8     8   8 8   8 8 8           
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Table 3: Significance of the influence of agricultural regime (agr. reg.), cultivar and year on 

isotopic and chemical characteristics and mean and standard deviation of peaches samples grouped 

by cultivar and year. N: number of samples measured. ns: not significant; *: significant, p<0.05; **: 

significant, p<0.01, ***: significant, p<0.001. Significantly different mean values (HSD Tukey’s, 

p<0.05) between organic and conventional fruits are highlighted with letters ‘a’ and ‘b’.  

   

13
C 

pulp 
‰ V-
PDB

15
N 

pulp 
‰  

AIR

18
O 

juice 
‰ V-

SMOW

D 
pulp 
‰ V-
SMO

W

anthocians 
content 

peel  
mg/100g 

anthocian
s content 

pulp  
mg/100g 

polypheno
l content 

peel  
mg/100g 

polypheno
l content 

pulp  
mg/100g 

antiox. 
activity 

peel  
mg/100

g 

antiox. 
activity 

pulp  
mg/100

g 

Peach 

agr. reg. (org/conv) **  ***  *  ns **  ns  ns  ns  ns **  

cultivar ***  ***  ***  *** ***  ***  ns  **  *** ***  

year *  ***  ***              

agr. reg.  x cultivar ns  ns  ns  ns *  ns  ns  ns  ns ns  

agr. reg.  x year *  ns  **              

cultivar x year ns  ns  *              

agr. reg. x cultivar x 
site ns  ns  *                     

White Queen 
2006 

ORGANIC  

mean 
-

26.3   1.4 a 1.9 b -35                       
std dev 0.6  0.3  0.4  3            
N 6  6  6  6            

White Queen 
2006 

CONVENTIONA
L  

mean 
-

26.6  0.2 b 3.2 a -33            

std dev 0.5  0.3  0.1  1            

N 2   2   2   2                       

White Queen 
2007 

ORGANIC  

mean 
-

26.6 b 1.4 a 2.8                          
std dev 0.6  0.6  0.5              
N 11  11  11              

White Queen 
2007 

CONVENTIONA
L  

mean 
-

26.1 a 
-

1.1 b 2.2              

std dev 0.5  0.4  0.6              

N 4   4   4                           

White Queen 
2008 

ORGANIC  

mean 
-

26.7 b 1.0 a 2.3    3.46 a 1.69 a 522  360  244 53  
std dev 0.5  0.3  0.4   0.36  0.21  230  162  33 6  
N 24  24  24   9  9  9  9  9 9  

White Queen 
2008 

CONVENTIONA
L  

mean 
-

25.7 a 
-

0.6 b 2.2   2.39 b 1.25 b 542  524  222 44  

std dev 0.2  0.2  0.4   0.62  0.02  125  352  28 2  

N 6   6   6     3   3   3   3   3 3   

Spring Lady 
2006 

ORGANIC  

mean 
-

25.8   3.0 a 2.3   -52                       
std dev 0.2  0.3  1.1  1            
N 6  6  6  6            

Spring Lady 
2006 

CONVENTIONA
L 

mean 
-

25.7  1.5 b 2.5  -49            

std dev 0.0  0.6  1.5  7            

N 2   2   2   2                       

Spring Lady 
2007 

ORGANIC  

mean 
-

26.3   2.2 a 1.2 a                         
std dev 0.3  0.4  0.3              
N 24  24  24              

Spring Lady 
2007 

CONVENTIONA
L 

mean 
-

25.9  0.7 b 0.6 b             

std dev 0.6  0.1  0.4              

N 6   6   6                           

Spring Lady 
2008 

ORGANIC  

mean 
-

25.9  2.4 a 0.4   57.80 a 3.58  642 a 223 a 508 64 a 
std dev 0.3  0.3  0.5   9.63  1.56  128  69  124 5  
N 24  24  24   9  9  9  9  9 9  

Spring Lady 
2008 

CONVENTIONA
L 

mean 
-

25.6  0.9 b 0.2   40.28 b 3.35  436 b 119 b 430 56 b 

std dev 0.4  0.5  0.2   4.44  0.35  15  14  92 5  

N 4   4   4     3   3   3   3   3 3   

 

 

 

Table(s)



Table 4: Significance of the influence of agricultural regime (agr. reg.), site and year on isotopic and chemical characteristics and mean and standard 

deviation of isotopic and quality parameters for strawberry. SR: skin resistance; FF: flesh firmness; TSS: total soluble solids, TA: titratable acidity; L*: 

brightness; E: variation of colour after harvesting; Δp: Weight loss after harvesting; N: number of samples measured. ns: not significant; *: significant, 

p<0.05; **: significant, p<0.01, ***: significant, p<0.001. Significantly different mean values (HSD Tukey’s, p<0.05) between organic and conventional 

fruits are highlighted with letters ‘a’ and ‘b’.  

    

13
C 

pulp 
‰ V-
PDB

15
N 

pulp 
‰ vs 
AIR

18
O 

juice 
‰ V-

SMOW

D pulp 
‰ V-

SMOW

34
S 

pulp  
‰ 

CDT
SR  
g 

FF 
g 

TSS 
°Brix 

TA 
neq/100mL 

Colour  
L* 

Colour 
Chroma ΔE 

Δp 
% 

ascorbic 
acid 

mg/100g 

citric 
acid 

 
mg/100g 

malic 
acid 

 mg/100g 
sucrose 
mg/100g 

glucose 
 mg/100g 

fructose  
mg/100g 

s
tr

a
w

b
e

rr
y
 agr. reg.(org/conv) *   ***   ns   ***   ns   ns   **   ***   ***   ns   ns   ns   ns   ***   ***   ns ns   ns   ns   

cultivar ***  ***  ***  ***  ***  ***  ***  ***  ***  ***  ***  *  ***  *  ***  *** ***  ***  ***  

year ns  ns  ***      ns  ns  ns  ***  ns  ***  ***  ns  ***  ***  *** ns  ***  ***  

site  ***  ***  ***  ***  ***  ***  ***  ***  ***  ***  ***  **  ***  ns  ***  ns ***  ***  ***  

agr.reg x site ns   ***   ns   **   ***   *   ns   **   ***   ns   ns   ns   ***   ns   ns   ns ***   ***   ***   

Cesena 2006 
ORGANIC 

mean -25.4   2.7   0.6   -73       385   483   6.5   8.0   38.6   41.5   3.9   9.2   38   373   492 704   1330   1591   
std dev 0.6  0.4  1.3  3    68  96  0.8  1.0  0.3  2.1  2.7  2.1  4  222  68 519  895  1028  
N 6  6  6  6    6  6  6  6  6  6  6  6  6  4  4 4  4  4  

Cesena 2006 
CONVENTIONAL 

mean -25.0  2.9  0.2  -74    371  403  6.7  7.4  39.3  43.6  6.1  7.3  42  364  503 1085  1525  1865  

std dev 0.5  0.7  1.2  5    78  97  0.5  1.0  2.2  2.3  4.4  2.5  3  125  127 606  704  595  

N 6   6   6   6       6   6   6   6   6   6   6   6   6   4   4 4   4   4   

Cesena 2007 
ORGANIC 

mean -24.9  3.4 b -0.4 a -71 a 3.6 a 375  421  6.6  8.1  37.0 b 37.7 b 4.8 a 8.9 a 69 a 597 a 284 661  1611  1873  
std dev 0.6  0.6  1.2  4  0.4  119  172  0.8  1.1  2.2  2.5  1.2  0.8  14  76  48 437  381  296  
N 16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16 16  16  16  

Cesena 2007 
CONVENTIONAL 

mean -25.1  4.0 a -1.5 b -75 b 3.3 b 345  382  6.2  8.2  39.0 a 41.8 a 3.6 b 6.9 b 58 b 527 b 269 890  1881  2074  
std dev 0.4  0.9  0.6  3  0.5  74  164  1.1  0.7  2.6  2.6  1.0  1.0  7  77  36 472  614  533  
N 16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16 16  16  16  

Cesena 2008 
ORGANIC 

mean -24.7   4.1   -1.7 b         329   346   5.8 b 9.3   39.6 a 47.0   4.2 a 8.5 a 53   608   365 770 b 2108 b 2398 b 

std dev 0.4  0.6  0.9      122  104  0.7  1.6  1.9  1.8  1.4  1.5  9  137  38 637  396  412  

N 16  16  16      16  16  16  16  16  16  16  16  16  16  16 16  16  16  

Cesena 2008 
CONVENTIONAL 

mean -25.0  3.7  -1.2 a     330  367  7.0 a 8.5  37.9 b 45.0  2.6 b 6.7 b 53  548  390 1575 a 2786 a 3067 a 

std dev 0.5  0.7  1.2      87  141  1.5  0.8  2.0  3.0  1.4  2.6  7  145  127 760  526  548  

N 16   16   16           16   16   16   16   16   16   16   16   16   16   16 16   16   16   

Verona 2007 
ORGANIC 

mean -25.0   3.9 a -2.1   -81 a 3.1 b 303   428 a 5.6   8.8 a 39.4   43.8   8.7   6.0   59 a 514 a 278 1550 a 1687   1911   
std dev 0.5  1.3  0.9  3  0.4  48  146  0.4  1.0  1.4  1.5  1.4  1.5  11  75  61 499  160  181  
N 12  12  12  12  12  12  12  12  12  12  12  12  12  12  12  12 12  12  12  

Verona 2007 
CONVENTIONAL 

mean -25.2  2.5 b -2.7  -88 b 5.3 a 266.7  314 b 5.3  7.2 b 38.4  44.9  8.6  6.6  47 b 380 b 252 1064 b 1562  1772  
std dev 0.5  0.5  0.6  4  0.9  60.4  97  0.5  0.9  1.7  2.1  1.2  1.3  5  59  38 400  235  254  
N 12   12   12   12   12   12   12   12   12   12   12   12   12   12   12   12 12   12   12   

Verona 2008 
ORGANIC 

mean -25.2   9.8 a -2.6           372   308   6.9   9.5   37.7   44.5   2.1   8.3   64   549   348 296   2093   2378   

std dev 0.6  0.6  1.0      107  45  0.2  1.2  1.1  1.1  0.8  4.3  6  112  22 144  260  309  

N 12  12  12      12  12  12  12  12  12  12  12  12  12  12 12  12  12  

Verona 2008 
CONVENTIONAL 

mean -25.3  1.4 b -2.8      332  281  6.3  8.6  37.7  44.7  2.7  8.8  58  480  358 456  1880  2167  

std dev 0.5  2.3  1.0      69  62  1.4  0.8  2.2  2.2  0.7  1.1  5  49  52 330  490  456  

N 12   12   12           12   12   12   12   12   12   12   12   12   12   12 12   12   12   

Metaponto 2007 
ORGANIC 

mean -24.4   1.2   0.3   -68   -1.4 a 400   726   7.8 a 12.2 a 35.1   39.6   5.9   6.1 b 58 a 730 a 326 1919 a 2494 a 2791 a 
std dev 0.2  1.3  0.5  4  0.8  88  214  0.7  1.1  1.1  4.8  2.7  1.2  8  144  67 516  836  888  
N 12  12  12  12  12  12  12  12  12  12  12  12  12  12  12  12 12  12  12  

Metaponto 2007 
CONVENTIONAL 

mean -24.6  0.6  0.3  -67  -3.7 b 442  598  6.5 b 8.4 b 35.7  39.1  4.5  8.9 a 49 b 463 b 292 1465 b 1782 b 2004 b 
std dev 0.4  0.9  1.3  4  0.6  76  113  0.8  1.7  2.7  5.2  1.1  1.0  6  144  28 279  193  208  
N 12   12   12   12   12   12   12   12   12   12   12   12   12   12   12   12 12   12   12   

Metaponto 2008 
ORGANIC 

mean -24.3   -3.1 b -2.2           386 b 680   8.6 a 14.1 a 34.0   38.2 b 1.9   3.1   70 a 752 a 327 1943   3360   3635   

std dev 0.1  0.3  0.2      41  44  0.2  0.8  0.6  2.2  0.9  0.7  8  210  129 706  657  640  

N 8  8  8      8  8  8  8  8  8  8  8  8  8  8 8  8  8  

Metaponto 2008 
CONVENTIONAL 

mean -24.5  1.1 a -2.1      466 a 635  6.8 b 10.5 b 34.4  41.9 a 1.9  2.5  51 b 807 b 455 1686  2922  3220  

std dev 0.3  0.4  0.1      44  52  0.9  0.7  1.6  3.7  1.2  0.3  5  188  252 830  975  1002  

N 8   8   8           8   8   8   8   8   8   8   8   8   8   8 8   8   8   

 

Table(s)


