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Abstract

:

This study summarizes the results obtained from a systematic and long-term project aimed at the development of tools to assess the provenance of food in the oenological sector. 87Sr/86Sr isotope ratios were measured on a representative set of soils, branches, and wines sampled from the Chianti Classico wine production area. In particular, owing to the high spatial resolution of the 87Sr/86Sr ratio in the topsoil, the effect of two mill techniques for soil pretreatment was investigated to verify the influence of the particle dimension on the measured isotopic ratios. Samples with particle sizes ranging from 250 to less than 50 µm were investigated, and the extraction was performed by means of the DIN 19730 procedure. For each sample, the Sr isotope ratio was determined as well. The obtained results showed that the 87Sr/86Sr ratio is not influenced by soil particle size and may represent an effective tool as a geographic provenance indicator for the investigated product.
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1. Introduction


Among the different criteria adopted to promote and protect food quality, the European Union (EU) has introduced, with the use of quality schemes, the link between territory and food [1]. In this context, the protected designation of origin (PDO) represents the highest award that can be attributed to an aliment, and it implies that the entire food chain is within a delimited territory [2]. Although there are many paper certifications for each food chain process that state for authenticity and quality arising from a particular geographical origin, none of these is based on objective criteria. In recent years, several attempts to develop tracking and tracing models for food processes have been made [3,4,5].



When dealing with traceability models, it is of utmost importance to determine the identity of the geographical indicator that is used to monitor the food chain from the field to the final product. For geographical traceability issues, one of the indicators that can be used is the primary or direct type, such as metal content or isotope ratios of bio-elements (13C/12C, D/H, 18O/16O, 15N/14N, and 34S/32S) or radiogenic heavy elements (87Sr/86Sr, 145Nd/143Nd, and 207Pb/206Pb). One element, whose isotopic pattern shows promising perspective in different areas, with particular and peculiar applications in food traceability, is strontium [5,6,7,8,9,10,11,12,13,14,15].



As a geographic food tracer, the most important feature of Sr is that this element is assimilated by the plant roots, and it has been shown that the isotopic ratio fingerprint, from the soil to the final product, remains almost unaltered (i.e., the isotopes do not undergo appreciable mass-dependent fractionation processes [16,17]). For a statistical approach to the geographical origin of food, a large dataset of precise and accurate values is needed in order to evaluate the indicator variability range of both the food and the soils and to build robust classification models [18].



If, on the one hand, it is a quite simple task to collect isotopic ratios data for the food matrix, on the other hand, the interpretation of the data from the soil is complex [19,20,21]. In fact, depending on the geology of the territory, the 87Sr/86Sr ratio could vary considerably as a function of many variables difficult to evaluate a priori [22,23]. Probably, the discrepancy between the bioavailable fraction and the total amount of strontium in a soil could represent the limiting factor for the construction of reliable geographical traceability models for food.



The possibility of discriminating between samples’ origins for geographical traceability purposes often lies at the 4th or 5th decimal places of this isotopic ratio. Therefore, accuracy of the measured values represents a quality parameter of utmost importance to ascertain the goodness of the experimental results. In the case of isotopic ratio determinations, it must be stressed that precision and accuracy depend upon several factors. In the case of inductively coupled plasma mass spectrometry (ICP/MS), the determination of the data precision is mainly influenced by the instrumental setup and the measuring conditions [24] primarily related to the sample introduction system and aerosol formation, while accuracy is more dependent on non-spectroscopic and spectroscopic interferences [9,25,26]. In the case of 87Sr/86Sr determination, the isobaric interference of charged ions and mass bias phenomena, due to the different mass transmissions of the multiple ion beams produced in the plasma source, have to be considered and corrected as well [24].



In particular, the isobaric interferences are due to the presence of doubly-charged ions (168Yb2+, 168Eu2+, 172Yb2+, 174Yb2+, etc.), charged polyatomic adducts (42Ca42Ca+, 44Ca40Ar+, 46Ca40Ar+, 44Ca44Ca+, etc.), and other isotopes with the same m/z ratio, such as 87Rb+ and 86Kr+, which must be removed by chemical procedure for 87Rb or mathematically corrected in the cases of 86Kr and 87Rb [27].



The solid phase extraction (SPE) procedure adopted for the Rb/Sr separation is characterized by an analytical recovery close to 100%, but the eluted Sr solution could contain some Rb traces at the ng kg−1–µg kg−1 level. While this is not a problem for thermal ionization mass spectrometry (TIMS) determinations [11], some major concerns arise for ICP-based determinations. Rb has two natural isotopes, 85Rb with a relative abundance of 72.17% and 87Rb, a radioactive nuclide with a half decay time of 4.88 × 1010 years to 87Sr, with a relative abundance of 27.83%. In addition, the isobaric interference of 87Rb on 87Sr cannot be instrumentally resolved, because it would need a resolving power close to 300,000: a resolution value still unavailable in commercial ICP/MS spectrometers. For these reasons, the SPE process must be strictly controlled to maximize the recovery, and the residual Rb, if present, must be corrected for. However, the mathematical correction for Rb, in addition to the one for 86Kr, may give results whose uncertainty is dependent on the initial concentration of the isobaric interfering, and when the ratio between the Sr and Rb concentrations is below 1000, the method could be unsuitable [27,28].



The residual 87Rb is evaluated by measuring the signal for mass 85 (85Rb) with the aim to improve the accuracy of the 87Sr/86Sr ratio; furthermore, the 87Rb/85Rb ratio is used for the mathematical Rb correction. For both mathematical procedures, the 86Kr and 87Rb corrections, the isotope ratios are also corrected for mass bias discrimination by the exponential law, assuming that the Kr and Rb mass discrimination factors are the same as that of Sr [19,27].



In order to investigate the performance of the mathematical procedures to correct for Rb interference, several Sr reference solutions at different concentrations were spiked with defined amounts of Rb, and the solutions were measured, without any chemical Rb separation, for the 87Sr/86Sr ratio.



In addition to the above-cited factors that may influence the accuracy of the instrumental measurements of the Sr isotopic ratio, the representativeness and the homogeneity of the sample have to be taken into consideration. In fact, the particle size plays a key role when dealing with soil and bioavailability. Therefore, a grinding procedure is often necessary to increase the surface-to-volume ratio. Moreover, the milling pretreatment may introduce some artifacts, that can alter chemical analysis results, if other parts of the soil sample, such as stones and rocks, are processed as well.



Taking into account the above considerations, the choice of the most appropriate milling equipment is of utmost importance to obtain reliable results.



In particular, to process soil samples, centrifugal and planetary ball mills are both suggested to reduce the sample size. However, because these techniques are based on different physical principles, the final sample properties may be influenced. Unlike the centrifugal mill, whose working principle is mainly based on an impact-shearing effect, the grinding process by planetary mill can be easily improved by adjusting the setup parameters to leave almost unaltered the hardest stony particles present in the soil samples.



Owing to these problems and in addition to the difficulties arising in the evaluation of the bioavailable fraction in the soil, as suggested by other researchers [29,30] and as reported in previous works [18], it should be a promising alternative to move from the “passive” soil collecting activity to an “active” one, where plants do directly the sampling [30,31,32].



In fact, plant roots have direct access to the bioavailable element reservoir in the soil, extending the sampling uptake to the neighboring area of the growing vine/plants. As a consequence, the 87Sr/86Sr data are the result of the influence of several processes, such as weathering reactions and contamination produced by fertilizers [33], pesticides, aerosol uptake, and so on.



The use of the plants as sampling devices allows the following: (i) a direct access to the bioavailable element fraction; (ii) the ability to make integration over a larger soil volume of element uptake; and (iii) the capacity to realize a simpler integration over time/seasons procedure.



In this paper, both aspects related to the influence of the soil size distribution on the isotopic data and the effectiveness of the Rb mathematical correction have been tackled. Furthermore, a preliminary study was carried out in order to verify whether the Sr isotopic ratio coming from vine branches can be a more distinctive geographical traceability tool for the Chianti Classico wine production areas, as other studies on the provenance have shown [10,18,22].




2. Materials and Methods


2.1. Reagents and Materials


Ultrapure 65% HNO3 was obtained from analytical grade HNO3 (Carlo Erba, Milan, Italy) by means of a SAVILLEX DST 1000 sub-boiling system (Savillex Corp., Eden Prairie, MN, USA).



High-purity water (ASTM TYPE I) was obtained by a Milli-Q Element system (Millipore, Milan, Italy).



Suprapure 1 M NH4NO3 and 30% analytical grade H2O2 were from Merk Millipore, Milan, Italy.



SrCO3, NIST SRM 987 (NIST, Gaithersburg, MD, USA), with a generally accepted Sr isotopic value of 0.71026 ± 0.00002 (u = 2sd) [34] was used for the bracketing procedure, evaluation of the data precision, and preparation of the spiked Sr/Rb solutions. RbNO3, trace metal basis 99.95% purity from Merck, was used to prepare the Sr/Rb spiked solutions.



ICP-multielement solution, IV-ICP-MS-71A, used for the determination of the Sr and Rb concentration, was from Inorganic Ventures, Christiansburg, VA, USA.



The Eichrom SR-B100-S (50–100 µm) Sr resin, used for Sr/Rb separation, was purchased from Eichrom Europe Laboratories, France. Preparation of the resin and the separation procedure were described in a previous work [19].



All Perfluoroalkoxy (PFA) bottles, tubes, and vessels, used for solution and sample preparation and storage, were firstly washed with heated 10% HNO3 and then rinsed with high-purity water.



Standard solution and sample preparation was carried out by weight with a Mettler AE200 analytical balance (Mettler Toledo S.p.A, Milan, Italy) with ±0.0001 g sensitivity.



All standards and samples were processed under a horizontal laminar flow hood, equipped with a HEPA filter, to prevent contamination phenomena.




2.2. Instrumentation


The soil and vine branch grinding procedure was performed by means of a Fritch, Pulverisette 14 model centrifugal mill (ECO Scientifica, Milan, Italy), equipped with a pure titan 12 ribs rotor and a 500 µm trapezoidal perforation sieve ring with a Teflon-coated collecting pan. The rotor speed was set at 16,000 rpm for both the sample matrices.



The soil samples were also grinded using a PM100 planetary mill (Retsch, FKV, Bergamo, Italy), equipped with a single 250 mL agata jar with two milling balls. Table S1 (in the Supplementary Materials) reports the milling parameters. The soil samples were processed twice, but only a sample fraction with a grain size greater than 250 µm was treated in the second run.



An automated vibratory sieve shaker, model AS200, supplied by Retsch (FKV, Bergamo, Italy) was used for size partition. The sieving stack was composed by seven solid stainless-steel sieve frames—315 µm, 250 µm, 180 µm, 125 µm, 90 µm, 60 µm, and 50 µm—and a collecting pan for the <50 µm sample size. The sample size fractionation was obtained by a throwing motion with angular momentum, and the setup parameters were as follow: amplitude = 70% with a total processing time of 5 min. All the samples were processed in dry sieving mode.



A commercial microwave oven for laboratory use, MarsX model (CEM Corp., Bergamo, Italy), equipped with Teflon® XP1500plus-type closed vessels, was used to digest the vine branch samples. The instrument was equipped with active probes on a reference vessel for temperature control, RTP-300 Plus, and pressure control, ESP-1500 Plus, during mineralization.



The Sr concentration in all the sample solutions was determined using an inductively coupled plasma interfaced to a quadrupolar mass analyzer, ICP/qMS, (XSeries II model, ThermoFisher Scientific, Bremen, Germany). The instrumental parameters and experimental setup conditions are reported in Tables S2–S4 (in the Supplementary Materials) for the microwave closed vessels technique (MW) and ICP/qMS instruments, respectively.



The strontium isotope ratio data (87Sr/86Sr) were acquired using a double-focusing multi-collector inductively coupled plasma mass spectrometer (MC-ICP/MS) (Neptune, ThermoFisher Scientific, Bremen, Germany). This spectrometer consisted of double-focusing, electrostatic, and magnetic sectors arranged in a forward Nier–Johnson geometry, and a Faraday cup multi-collector detector. The data acquisition was performed in low-resolution mode. The instrumental parameters are reported in a previous study [19]. The ion lens setting was daily tuned for maximum sensitivity and optimal flat-topped peak-shaped signal.





3. Experimental


3.1. Soil Sampling


Soil samples were collected in two different areas, labeled site A and site B, located in the Chianti Classico wine production zone of Tuscany (Italy). Table S5 (in the Supplementary Materials) reports the global positioning system, GPS, coordinates for both the sampling sites in the degree, minute, seconds (DMS) scale. The soil holes were dug by a single gauge auger set for hardly disturbed samples at a maximum sampling depth of 70 cm, roughly. The obtained cores were divided in two aliquots, up (UP) and down (DW), 30 cm length each, discarding the upper 10 cm length. The collected soils were properly preprocessed. In particular, the soil cores were broken up, and stones and plant debris were removed. The samples were air-dried for one week, successively stored in polystyrene bottles, and kept at room temperature. The number of samples is proportional to the extension of the investigated vineyards. A large-scale sampling procedure was applied for this study, and a soil/vine branch sample was taken each 5000 m2.



In addition, to investigate the milling procedure effects, four soil samples (M1, M2, M3, and M4) from district of Modena were collected following the same operative procedure and used to test the influence of the soil particle size on the 87Sr/86Sr isotopic ratio.




3.2. Vine Branch Sampling


During the soil sampling, vine branches were also collected from sites A and B. In particular, samples, 10–20 cm long, were cut from plants growing near the soil sampling point. The number of sampled vine branches was equivalent to the soil samples. The samples were dried in an oven for 24 h at 105 °C, and then, they were cut to 1 cm length, stored in polystyrene bottles, and kept at room temperature.




3.3. Wine Sampling


Grapes harvested from sites A and B were processed separately by the producer and from the respective grape juices after malolactic fermentation had taken place. Two different batches of wine, namely wine_A and wine_B, were obtained.





4. Sample Processing


4.1. Soil


Different aliquots of the same air-dried soil were grounded by means of centrifugal and/or planetary mill. Successively, only M1–M4 soil powders were processed for particle size distribution.



The determination of the bioavailable Sr fraction in the soil was achieved by extraction with 1 M NH4NO3 solution, DIN 19730 [35]. The obtained eluate was filtered through a 0.2-µm pore-sized cellulose acetate membrane into a 30 mL PFA bottle. Before the Sr/Rb separation, the total Sr concentration was measured, and the sample was diluted to a final concentration close to 200 µg kg−1 with 8 M HNO3, to work within the optimal instrumental conditions in terms of accuracy and precision of the isotopic measurements [19].




4.2. Vine Branches and Wines


The mineralization of vine branches was performed by the microwave closed vessels technique (MW) on a maximum sample size of 0.3 g, accurately weighted into the MW reaction vessels and then supplemented with 6 mL 65% HNO3, 1 mL 30% H2O2, and 3 mL H2O [36]. Washing cycles, with 6 mL 65% HNO3 and 4 mL H2O, were always performed between each sample mineralization cycle by using the same heating program. At the end of the sample mineralization procedure, colorless or pale yellow solutions were always obtained. Also, for these samples, the total Sr concentration was determined before the Sr/Rb separation in order to determine the optimal dilution factor.



The digestion of the wine samples was carried out by a simplified, validated protocol consisting of a low-temperature mineralization procedure [16]. Briefly, a sample aliquot of 5 mL of wine was added to 5 mL of 65% HNO3, and the mixture was left to react for 12 h in PFA bottles at room temperature and atmospheric pressure. Before the Rb/Sr SPE separation, the mineralized solution was then measured for the total Sr content in order to dilute sample to a final 200 µg kg−1 Sr concentration.




4.3. Strontium/Rubidium Spiking Solutions


A set of 20 solutions with different concentrations of Sr and Rb were prepared to test the influence of the isobaric 87Rb specie on the accuracy of the 87Sr/86Sr ratio determination. In particular, four solutions of SrCO3, NIST 987, at 50, 100, 200, and 400 µg kg−1 Sr were spiked with increasing amounts of RbNO3 from 0 to 200 µg kg−1 Rb final concentration. The measurements were performed directly on the solutions without the Rb/Sr separation in triplicate and randomized in three days to avoid systematic deviations.




4.4. Strontium Isotopic Ratio Determination on Real Samples


Before starting any measurement procedure, all the samples were processed to separate interfering species such as rubidium. The Sr/Rb separation procedure was optimized by means of an experimental design approach and fully described in previous works [16,37]. Briefly, it consisted of the following steps: (i) 1–2 mL of resin was loaded into the SPE column; (ii) the resin was washed with high-purity water and activated with 8 M HNO3; (iii) an appropriate sample volume was loaded and the interferences eluted with 8 M HNO3; and finally, (v) the recovery of Sr was accomplished by using high-purity water.



A [blank/sample/blank/standard/blank] bracketing sequence was always adopted for Sr isotope ratio measurements in order to check and correct for any instrumental drift. The average of the measured intensities of bracketing-blanks (4% HNO3) was subtracted from the measured intensities of the respective standards (NIST SRM 987) or samples.



The strontium isotope ratios of the standards and samples were calculated according to the mathematical procedures, as explained in a previous work [19], considering an internal correction for the mass-dependent fractionation process effects induced by the plasma source by using as a normalizing factor the 88Sr/86Sr ratio equal to 8.3752 (according to the IUPAC technical report on the isotopic composition of the elements [38]).



Furthermore, Kr and Rb mathematical corrections were also accomplished by considering 86Kr/83Kr and 87Rb/85Rb ratios of 1.50566 and 0.38567, respectively.



All the isotopic values obtained for the NIST SRM 987 standard solution during each measuring session were used to evaluate the instrumental precision.




4.5. Statistical Analysis


The data comparison was performed using a Student t-test method and, in the case of more than two independent groups, by one-way analysis of variance (ANOVA). An alpha level of confidence of 0.05 was used for all statistical tests.



All statistical analyses were performed by using the “data analysis” macro of Microsoft® Excel®.





5. Results and Discussion


5.1. Influence of the Residual Rb on the Accuracy of the 87Sr/86Sr Ratio


Figure 1 reports the trend of the experimental data measured on the spiked solutions for the Sr ratio as a function of both the Sr and Rb concentrations. In particular, considering the NIST 987 Sr ratio value, 0.71026 ± 0.00002 (uncertainty (u) is expressed as twice the standard deviation (2sd) equivalent to the 28 ppm deviation calculated by Equation (1)).


  ppm =  (   Δ    NIST 987   r a t i o      )    10  6   



(1)




where Δ represents the difference between the measured and true Sr isotopic ratios. It is important to note that the trend of the data starts diverging as the Rb concentration increases. In fact, the mathematical correction of the isobaric interference on the m/z = 87 results almost still effective with a 25 µg kg−1 of Rb but only when Sr concentration is greater than 200 µg kg−1.



However, as long as the Sr concentration decreases from 400 to 50 µg kg−1, the deviation of the Sr isotopic ratio from the expected value spans from 450 ppm to 4000 ppm. This means that the influence of the interference should become “negligible” or comprised inside the uncertainty of the NIST 987 standard when its concentration is approximately less than 5 µg kg−1 and the 87Sr/86Sr ratio is measured with an Sr concentration greater than 200 µg kg−1 [9].



Based on all these results, the measured isotope ratios were determined on SPE separated solutions at a final Sr concentration optimized for each sample at 200 µg kg−1. The Rb content was measured for all the separated solutions and was always found to be less than 0.5 µg kg−1.




5.2. Influence of the Milling Process


In order to test the potentialities of the milling process for the soil preparation, two different instruments were used. Table 1 reports the particle size distribution, expressed as percentage weight to weight, of the grinded soil samples obtained with a centrifugal mill, samples M1 and M2, and single jar planetary equipment, samples M3 and M4, respectively.



A detailed evaluation of the reported data immediately shows that both the milling techniques can produce a processed soil with a particle size distribution of less than 250 µm, and in particular, more than 80% of the sample is characterized by particles with diameters equal to or less than 125 µm. In addition, taking into account the values obtained from similar experiments—namely M1 versus M2 and M3 versus M4—both techniques show a good reproducibility.



Therefore, if on the one hand, the two milling techniques can operate on air-dried soil samples, more or less in the same way, then it is of utmost relevance to understand how similar, from a chemical point of view, are the grounded soils.



As a consequence, to investigate if the mill type may affect the Sr isotope ratio and then to give an answer to the latter question, the 87Sr/86Sr isotopic ratio, determined on the bioavailable Sr portion, was measured on each granulometric fraction, from 250 to <50 µm (collecting pan), relatively to four different soil samples processed with the planetary mill. Table 2 summarizes the isotopic ratio (IR) data.



Considering each granulometric fraction, it is possible to highlight that the IR data are not influenced by a particle size effect, because the isotopic values are close to each other. In fact, the range of variability of the IR values of each sample lies within the uncertainties evaluated for the control sample (i.e., ±0.00002).



As far as the milling technique is concerned, Table 2 also reports the Sr isotopic values obtained on the same soil samples processed with the centrifugal mill (whole sample data).



The calculated difference between the mean isotopic ratios and the whole sample data for the M1–M4 samples returns values that are of the same order of magnitude of the uncertainties of the data. This experimental evidence represents an important result when dealing with soil analysis, in particular 87Sr/86Sr ratio measurements, because this matrix may be considered a quite inhomogeneous system to be described by a punctual sampling procedure.



Concerning the determination of the 87Sr/86Sr ratio, the two mill types resulted in being equivalent. However, as the energy imparted to the sample is lower with the planetary grinding system and prevents spraying of materials, such as stones, bowls, and so on, this mill type was chosen as the pretreatment technique for the soils of the Chianti Classico area.




5.3. 87Sr/86Sr Ratio as Geographical Indicator in the Chianti Classico Production Area


With the aim to develop a preliminary geographical traceability model for wine, the isotopic 87Sr/86Sr values were determined on the soil, vine branch, and wine sampled from the Chianti Classico wine production zone. The results are reported in Table 3.



In particular, the soils were sampled from two distinct vineyards, A and B, and owing to the lithological pedological complexity of the investigated area, each soil core was split in an UP and DW parts.



The data do not point out any statistical difference between the respective UP and DW isotopic values for both A and B production sites. At the same time, the intra-site variability (within site A or B) is approximately one order of magnitude higher with respect to the inter-site variability (between sites A and B), confirming the possibility of considering the two production zones almost equal with respect to the 87Sr/86Sr indicator. In fact, by comparing the soil mean values for the 87Sr/86Sr ratio calculated for the A and B sites, these resulted in being statistically equivalent, p(|t| ≥ 0.32 = 0.75), making it possible to average all of the experimental IRs data relative to the whole investigated Chianti Classico wine production area.



Considering now the IRs determined on the vine branches, it is possible to highlight the following: (a) the isotopic ratio value measured on the vine branches is generally lower with respect to the respective soil datum, and (b) the comparison of the data measured on the samples from sites A and B confirms the similarities of the two production zones, because the A and B mean values are not statistically different, as confirmed by the results of the Student t-test, p(|t| ≥ 0.13 = 0.89).



Grapes from each vineyard were separately processed, and the Sr isotope ratios, determined on the fermented juice sample, were equal to 0.70943 and 0.70941 for wine_A and wine_B, respectively. Uncertainty values, expressed as twice the standard deviation, u = 2SD, were equal to ±0.00002 [20].



Now, taking into account the overall mean value calculated for each investigated matrix—IRsoil = 0.70965, IRbranches = 0.70936, and IRwine = 0.70942—it is possible to highlight that, although in some cases data are close to each other, the IR value decreases from soil to branches, while it was almost equal for vine branches and wine. In fact, the absolute differences of soil to branches (diff.s-b = 0.00029) is higher than that of branches to wine (diff.b-w = 0.00006), confirming that, in the latter case, there was an increase in the “representativeness” of the considered matrix and the discriminating capabilities of the isotopic indicator as well.



The same conclusions can be stressed by ANOVA analysis applied to the data of Table 3, namely the 87Sr/86Sr ratio of soils, vine branches, and wines.



The statistical analysis was performed on the values coming from site A and from site B considered as a whole on the basis of the evidence previously obtained from the Student t-test. Also, in this case, the ANOVA results reported in Table 4 confirm the absence of statistically significant differences between the means of the three groups.



This experimental evidence unequivocally confirms that it is possible to trace in an objective manner the geographical origin of food commodities following a “from farm to fork” approach. In particular, in absence of phenomena that may alter the soil–plant–product isotopic transfer mechanism, the vine branches return an isotopic ratio of strontium closer to that of the finished product, wine, because their sampling capacity and geographical representatively is far greater than that of any “operator” that makes holes. In addition, the vine branch sampling approach overcomes the great problem of the choice of the soil leaching test mimicking the evaluation of the bioavailable fraction and/or the seasonal dependence of the plant’s uptake. Considering all these aspects, the main practical advantage of this approach is certainly represented by the increased discriminating capabilities of the isotopic indicator evaluated in the vine branch samples due to the reduced variability of the “within field data” attainable for non-homogeneous matrices such as soil.





6. Conclusions


The present investigation represents an important point in the development of a test method for determining the 87Sr/86Sr ratio in soil samples, in particular concerning the independence of the final data from the granulometric distribution of the sample. Regarding the effects produced by the two different grinding systems, despite the good correlation obtained between the granulometric distributions and the isotopic values with respect to the different tested samples, the use of a planetary system is preferable to a centrifugal one, because the lesser energy of impact on the soil sample prevents spraying of those materials, such as stones, bowls, and so forth, which do not directly participate in the plant element uptake processes. As far as the Rb interference is concerned, the reported data show that with only the mathematical correction, the calculated Sr isotope ratios are not sufficiently accurate, and therefore, the Rb/Sr separation process is mandatory.



The Sr isotopic values obtained for the Chianti Classico food chain support and confirm the idea that the values of the 87Sr/86Sr isotopic ratio in vine branches are very close to those in wine and therefore could be used for geographical traceability purposes in the oenological food chain.
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Figure 1. Values of 87Sr/86Sr determined on solutions varying both the Rb and Sr concentrations. 
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Table 1. Comparison between the distribution size of soils milled by the centrifugal mill equipped with a 12 ribs rotor and 500 µm trapezoidal sieve ring, M1 and M2 samples, and the planetary mill equipped with a single agate jar, M3 and M4 samples.
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	Sample Size µm
	Sample M1

%, w/w
	Sample M2

%, w/w
	Sample M3

%, w/w
	Sample M4

%, w/w





	315
	0.10
	---
	---
	---



	250
	3.00
	4.00
	5.90
	---



	180
	6.90
	13.00
	12.20
	14.40



	125
	16.10
	17.10
	13.60
	21.50



	90
	26.80
	28.00
	19.40
	14.20



	63
	32.10
	29.20
	25.80
	26.00



	50
	9.90
	7.30
	12.40
	11.30



	Collecting pan
	5.10
	1.40
	10.70
	12.50
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Table 2. Values of the 87Sr/86Sr isotope ratio determined on the soils processed by the planetary mill at different particle sizes.
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	Sample Size µm
	(87Sr/86Sr)_M1
	(87Sr/86Sr)_M2
	(87Sr/86Sr)_M3
	(87Sr/86Sr)_M4





	250
	0.710088
	0.709778
	0.709179
	0.711348



	180
	0.710081
	0.709769
	0.709149
	0.711369



	125
	0.710103
	0.709804
	0.709183
	0.711377



	90
	0.710105
	0.709791
	0.709183
	0.711382



	63
	0.710090
	0.709784
	0.709194
	0.711380



	50
	0.710092
	0.709782
	0.709192
	0.711375



	Collecting pan
	0.710109
	0.709763
	0.709199
	0.711366



	Mean
	0.71010
	0.70978
	0.70918
	0.71137



	SD
	0.00001
	0.00001
	0.00002
	0.00001



	Whole sample 1
	0.71007
	0.70978
	0.70920
	0.71136



	|ΔMean-Whole sample|
	0.00003
	0.00000
	0.00002
	0.00001







1 Value obtained on the soil samples processed by centrifugal mill equipment.
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Table 3. Values of the 87Sr/86Sr ratio measured for soils, vine branches, and wines sampled from a producer in the Chianti Classico wine area.
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Site

	
Hole

	
87Sr/86Sr

Soil 1

	
87Sr/86Sr

Branch 2

	
87Sr/86Sr

Wine 3






	
A

	
1up

	
0.71002

	
0.70963

	
0.70943




	
1dw

	
0.70994

	




	
2up

	
0.70918

	
0.70914




	
2dw

	
0.70922

	




	
Mean ± SD

	

	
0.70959 ± 0.00045

	
0.70939 ± 0.00035

	




	
B

	
3up

	
0.70900

	
0.70905

	
0.70941




	
3dw

	
0.70900

	




	
4up

	
0.70945

	
0.70924




	
4dw

	
0.70954

	




	
5up

	
0.70978

	
0.70977




	
5dw

	
0.71006

	




	
6up

	
0.70977

	
0.70941




	
6dw

	
0.71034

	




	
7up

	
0.70992

	
0.70929




	
7dw

	
0.70986

	




	
Mean ± SD

	

	
0.70967 ± 0.00043

	
0.70935 ± 0.00027

	








1 Uncertainty value associated with the 87Sr/86Sr ratio data evaluated on the processed soil control sample u = ±0.00002 [20]. 2 Uncertainty value associated with the 87Sr/86Sr ratio data evaluated on the processed branch control sample u = ±0.00002 [20]. 3 Uncertainty value associated with the 87Sr/86Sr ratio data evaluated on the processed wine control sample u = ±0.00002 [20].
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Table 4. Results of the one-way ANOVA for statistically significant differences in the soils, vine branches, and wine data reported in Table 3.
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	Source of Variation
	Sum of Squares
	Degree of Freedom
	F
	F crit (α = 0.05)





	Between groups
	4.17004 × 10−7
	2
	1.530
	3.492



	Within groups
	2.72386 × 10−6
	20
	
	











© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  beverages-04-00055


  
    		
      beverages-04-00055
    


  




  





media/file0.png





media/file2.png
Sr-IR

0.7400 -

0.7350

0.7300

0.7250

0.7200

0.715

0.7100 -
400

100
50

200 25
Sr (ngkg) ' « 0 Rb(ugkg?)

10.7350

10.7300

0.7250

0.7200

0.7150





media/file1.jpg
50

0

Rb (g k™)

07350

07300

07250

0.7200

07150





