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Abstract 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The volatile fraction plays an important role on the organoleptic properties and overall acceptability of fruit juices. This work reports for first time a non-targeted approach for the analysis of the volatile fraction of fruit juice by stir bar sorptive extraction (SBSE[footnoteRef:1]) in liquid and vapour phase (HSSE[footnoteRef:2]) at three extraction times (30, 60, and 120 min), two temperatures (room temperature and 40 °C), and two sample volumes (5 and 10 mL). The resultant volatile profiles were compared with solvent-assisted flavour evaporation (SAFE[footnoteRef:3]) and headspace solid-phase microextraction (HS-SPME[footnoteRef:4]). SBSE and HSSE enabled the detection and identification of more compounds than HS-SPME and less than SAFE. Compared with classic extraction methods, SBSE did not use organic solvents, was easier to perform, required less than two hours and exhibited the highest reproducibility. SBSE allowed the semi-quantification of esters, ketones, terpenes, alcohols known as key aroma compounds in juice. Moreover it was the only method resulting in the identification of n-dodecanoic, n-tetradecanoic, n-pentadecanoic and n-hexadecanoic acids and the best one to recover other compounds of particular interest in fruit juices such as nootkatone.  [1:  SBSE: Stir Bar Sorptive Extraction]  [2:  HSSE: HeadSpace Stir Bar Sorptive Extraction]  [3:  SAFE: Solvent-Assisted Flavour Evaporation]  [4:  HS-SPME: HeadSpace Solid-Phase Microextraction] 
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1. Introduction
Fruit juices are considered beneficial for health and well-being due to their high content in polyphenols and vitamins. They are also appreciated by consumers for their organoleptic properties.  However, due to their high free sugar content they are also linked to some health diseases such as obesity, diabetes and caries (World Health Organization, 2015). The flavour of fruit juice relies on a subtle balance among sweetness, sourness, bitterness and aroma. The volatile fraction responsible for aroma plays an important part in overall acceptability, and thus it is important to identify and quantify volatile compounds that may impact aroma perception (Rouseff, Ruiz Perez-Cacho, & Jabalpurwala, 2009). 
The selection of a suitable extraction methodology is a key step in assessing an accurate volatile composition through gas chromatography spectrometry (GC-MS[footnoteRef:5]) and an odour evaluation through gas chromatography olfactometry (GC-O[footnoteRef:6]) (Marsili, 2001; Caven-Quantrill, & Buglass, 2006; Yan, Wenlai, & Qian, 2007; Yan, Wenlai, & Qian, 2007; Thomsen, Gourrat,  Thomas-Danguin, & Guichard, 2014). Despite the wide variety of extraction (and concentration) methodologies available, there is no universal extraction method to produce a representative or rich extract. Moreover, an efficient and powerful analytical technique cannot compensate for errors of sensitivity, specificity, and selectivity during the extraction step. Analytical techniques are easier optimized in a target approach where an optimization can be done for a specific quantitative expression, for example the recovery of a specific volatile compound. However, for the non-targeted approach, the goal is mainly to detect as many volatile compounds as possible present in a particular extract, but the optimization of all compound simultaneously is a challenge (Grauwet, Vervoort, Colle, Van Loey, & Hendrickx, 2014) [5:  GC-MS: Gas Chromatography Mass Spectrometry]  [6:  GC-O: Gas Chromatography Olfactometry] 

The extraction methodologies usually applied in analysing volatile compounds in foodstuffs include steam distillation, extraction with classic solvents, supercritical fluids and pressurized fluids, simultaneous distillation-extraction, headspace techniques, and solid-phase extraction techniques, among others (Marsili, 2001). The specific usefulness of stir bar sorptive extraction (SBSE) in non-targeted analyses of volatile compounds in juices has been only reported in grape juice (Caven-Quantrill, & Buglass, 2006; Camino-Sanchez, Rodriguez-Gomez, Zafra-Gomez, Santos-Fandila, & Vilchez, 2014) and never in comparison to contemporary extraction techniques, such as headspace solid-phase microextraction (HS-SPME) (Pawliszyn, 1995) and solvent-assisted flavour evaporation (SAFE) (Engel, Bahr,  & Schieberle, 1999). 
SBSE consists of a magnetic sealed inside a glass tube and is coated with a thick layer of sorptive material. It has two sampling modes, liquid (SBSE) and vapour phase (HSSE) and allows rapid sample preparation before concentration of volatile compounds on the stir bar during stirring in a liquid sample (i.e., fruit juices). Subsequently, it is placed in an empty thermal desorption glass tube followed by thermal desorption, in which analytes are thermally released and transferred to the gas chromatograph - mass spectrometer (GC-MS) system (Baltussen, David,  Sandra, Janssen, & Cramers, 1999). In some specific applications, researchers have reported higher recoveries than with SPME because of the higher amount of sorptive material applied  (Bicchi, Iori, Rubiolo, & Sandra, 2002), more reliable quantitative results because of the higher reproducibility of the methodology   (Ruan, Aalhus, Juarez, & Sabik, 2015), and the potential to identify more compounds than by, for example, micro-scale simultaneous distillation-extraction due to the higher sensitivity (enrichment) of the technique (Caven-Quantrill, & Buglass, 2006). SAFE allows the extraction of volatile compounds and has been widely used to isolate odorant compounds in complex matrices (Engel, Bahr, & Schieberle, 1999). However, SAFE requires a larger amount of sample compared to SBSE, and the extraction procedure is longer and completely manual, with a consequent loss of reproducibility. SPME permits solvent-free sample preparation and does not require any complex equipment. A lower adsorbent material can be used, with consequently lower recoveries and sensitivity compared to SBSE (Bicchi, Iori, Rubiolo, & Sandra, 2002; Demyttenaere, Martinez, Verhe,  Sandra, & De Kimpe, 2003). The maximum polydimethylsiloxane (PDMS[footnoteRef:7]) volume coated onto the fiber is 0.6 µL (100-µm fiber) in SPME but 125 µL in SBSE (Bicchi, Iori, Rubiolo, & Sandra, 2002). SPME is a completely automated procedure and is frequently used. However, SPME is limited by the small number of stationary phases commercially available as fiber coatings, the low volume coated on the fiber (Lopez,  Huerga, Batlle, & Nerin, 2006) and also due to the phenomene of coating saturation and competition between components of the stationary phase that may cause losses of analytical determination (Contini, & Esti, 2006).  [7:  PDMS:  Polydimethylsiloxane] 

Volatile compounds present even at low concentrations (ppm or ppb) in fruit juice may have an important impact on overall aroma. The extraction methodology—isolation, concentration, and separation—is a complex process, particularly for low-concentration, highly labile, or reactive compounds, and must be carefully selected. A priori, the greater the number of compounds extracted, the higher the probability of extracting the compounds of interest. However, for volatile active compounds with a low odour threshold that are present in very low amounts, high selectivity and sensitivity (enrichment or focusing) are required. Semi-quantification is frequently used in non-targeted analyses to quickly ascertain the relative concentrations of volatile compounds between samples. Unfortunately, many studies do not include extraction method selection when reporting the analysis of a volatile profile or aroma evaluation; thus, several active compounds might be missed in the extract and, consequently, in the evaluation of key odorant molecules. 
The literature contains only a few examples of the use of SBSE or HSSE for non-targeted volatile compounds analysis in real food extracts or beverage samples. These techniques have been used to analyse coffee (Bicchi, Iori, Rubiolo, & Sandra, 2002), grilled lean beef (Ruan, Aalhus, Juarez, & Sabik, 2015), grape juice (Caven-Quantrill, & Buglass, 2006, Caven-Quantrill, & Buglass, 2008), whisky (Demyttenaere, Martinez, Verh,  Sandra,  & De Kimpe, 2003), apple pomace (Rodriguez Madrera, & Suarez Valles, 2011), vinegar (Guerrero,  Marin, Mejias, & Barroso, 2006; Marrufo-Curtido et al., 2012), brandy (Delgado, Duran, Castro, Natera,  & Barroso, 2010), wine (Alves, Nascimento, & Nogueira, 2005; Weldegergis, Tredoux,  & Crouch, 2007), and pesto Genovese (Salvadeo, Boggia, Evangelisti, & Zunin, 2007) without any comparison with other extraction techniques, particularly HS-SPME and SAFE. The use of SBSE in food applications has recently been reviewed (Kawaguchi, Nakazawa, & Takatsu, 2013). However, SBSE has been more frequently reported for trace analysis of targeted compounds in food samples, such as pesticides and additives, due to the effectiveness of SBSE for the extraction of non-polar compounds from liquid samples (Camino-Sanchez, Rodriguez-Gomez, Zafra-Gomez, Santos-Fandila, & Vilchez, 2014) and has been used for targeted analyses of the main constituents of food (Fang, & Qian, 2006; Zalacain, Marin, Alonso, & Salinas, 2007; David, & Sandra, 2007; Mun Wai, et al. 2013; Ochiai, Sasamoto, & Kishimoto, 2015; Hjelmeland, Wylie, & Ebeler, 2016).
The aims of this work were i) to evaluate the influence of several parameters of SBSE for 10 targeted compounds important for their impact on aroma perception in fruit juices, such as sampling mode (liquid or vapour phase), extraction time, sample volume, and temperature; ii) to assess the effect of sampling mode (SBSE and HSSE) on the non-targeted reliable analysis of a wide range of compounds with different volatilities and polarities in fruit juice; and iii) to compare the non-targeted analysis results with those obtained by SPME and SAFE methods in terms of number of compounds identified and recovery obtained. The injection modes for gas chromatography differ among the extraction methods, with a thermal desorption and cooled injection system (TDU-CIS[footnoteRef:8]) used for SBSE and HSSE and program temperature vaporizer (PTV[footnoteRef:9]) for HS-SPME and SAFE, thus preventing direct comparison. However, this study provides valuable information for selecting an extraction method that is rapid and easy to perform and provides a non-targeted volatile profile in samples with high sugar content, such as fruit juice. [8:  TDU-CIS: Thermal Desorption Unit - Cooled Injection System]  [9:  PTV: Program Temperature Vaporizer] 

2. Materials and methods
2.1.  Samples and materials
Fruit juice was provided by Eckes Granini France. This juice was chosen because it contains a great variety of compounds from different fruits (orange, peach, apple, apricot, pineapple, mango, banana and passion fruit). Fruit juice was stored at 4 °C until analysis in the laboratory. Standards used for identification purposes were obtained either from Sigma-Aldrich (St. Louise, USA) or from Merck (Hohenbrunn, Germany).  
2.2.  Stir Bar Sorptive Extraction and Head Space Sorptive Extraction  
Gerstel (Mülheim Ruhr, Germany) 0.5-mm PDMS-coated 10-mm stir bars were employed. Following the recommendations of the manufacturer, prior to use, the PDMS stir bars were conditioned in a GC injector unit for three hours at 300 °C. A 20-µL volume of propyl-octanoate (100 µg/mL in ethanol) was added to 20 mL of juice for internal standardization by SBSE. A volume of 1000 µL of isobutyl alcohol (10000 µg/mL in ethanol) was added to 20 mL of juice for internal standardization by HSSE. For SBSE, the PDMS stir bars were directly placed into a 20-mL vial sealed with magnetic tape with polytetrafluoroethylene (PTFE[footnoteRef:10]). Two sample volumes (5 mL or 10 mL) were compared at room temperature (RT[footnoteRef:11]) for 120 min, three different extraction times (30, 60, and 120 min were compared at RT with 5 mL sample volume) and two different temperatures (RT and 40 °C) were compared with 5 mL sample volume for 120 min. For HSSE, the PDMS stir bars were suspended in the headspace in glass inserts (Gerstel, Mülheim Ruhr, Germany) in the 20-mL vials for three different extraction times (60, 120, and 180 min) with 5 mL sample volume at RT and at two different temperatures (RT and 40 °C) with 5 mL sample volume for 120 min. Each experiment was performed in triplicate. After the extraction, the PDMS stir bars were removed from the sample, washed for five seconds in an deionized water bath (at 40 °C), dried with filter paper, and then inserted into the TDU for desorption and analysis by GC-MS as described below.  [10:  PTFE: PolyTetraFluoroEthylene]  [11:  RT : Room Temperature] 

2.2.1. Thermal Desorption Unit Cooled Injection System (TDU-CIS) 
Thermal desorption in SBSE and HSSE was performed with a Gerstel TDU with a controller unit (Gerstel, Mülheim Ruhr, Germany) installed on an Agilent 7890A gas chromatograph (Agilent Technologies, Santa Clara, USA). Thermal desorption of the volatile compounds retained on the PDMS stir bar material was achieved by increasing the temperature at 30 °C/min from 20 °C to 275 °C and held at the final temperature for 5 min. Volatile compounds were subjected to cryogenic focusing with a Gerstel cooled injection system (CIS) at -100 °C using liquid N2 in retain tube – standby cooling mode as proposed by other authors (Tredoux et al., 2008), followed by transfer to the gas chromatograph at 600 °C/min from -100 °C to 275 °C. The final temperature was held for 5 minutes, and GC-MS analysis was performed as explained below. To avoid carry-over effects, between samplings, the PDMS stir bars were reconditioned in the GC injector port at 230 °C for 20 min.
2.2.2. Gas Chromatography Mass Spectrometry (GC-MS) analysis
GC-MS analyses were performed on an Agilent 7890A gas chromatograph equipped with a multipurpose sampler (Gerstel, Mülheim Ruhr, Germany) and coupled to an Agilent 5975C triple quadrupole mass spectrometer (Agilent Technologies, Santa Clara, USA). Data acquisition was performed using ChemStation (Agilent). The transferred volatile compounds were separated on a 30 m × 0.32 mm I.D. fused silica capillary column coated with a 0.5-µm layer of polyethylene glycol (DB-Wax, Agilent) using helium as the carrier gas at a constant flow rate of 1.5 mL/min. The oven temperature was held at 35 °C for 5 min, increased to 240 °C at 5 °C/min and then held at 240 °C for 10 min. For MS, the electron multiplier was set to 70 eV, and ionisation was accomplished by electron impact (EI[footnoteRef:12]). The injector and transfer line temperature were set at 250 °C. Mass spectra were recorded for m/z 29–350. Splitless mode was used for 5 min with solid-phase extraction methods and for 0.5 min with SAFE. Under the experimental conditions applied in the overall analysis, satisfactory blanks between consecutive runs were obtained for the complete procedure. Volatile compounds were detected on the basis of the signal-to-noise ratio 3:1. Volatiles compound were identified on the basis on their retention indexes (RIs[footnoteRef:13]), mass spectra and validation with pure injected standards. Recorded mass spectras were compared with those from three databases: the US National Institute of Standards and Technology (NIST 2.0), Wiley Flavors and Fragrances (WILEY 138) and Inramass (internal database achieved using standard compounds) considering match factor 800-900 a good match. RIs were calculated using a series of n-alkanes and they were compared with those from the VCF 16.1 database (Nijssen, Ingen-Visscher, & van Donders, 2016) and Inramass. GC retention times and mass spectra were also confirmed injecting standards analysed under the same experimental conditions. Volatile compounds were tentatively identified when less than three analytical testing RI, mass spectra or standard were used. Internal standard normalized areas of SBSE, SAFE, HSSE, and HS-SPME were used to calculate the relative recovery of volatile compounds obtained using the formula (TICmolecule/TICsum×100), considering the sum of the total ion chromatogram (TIC[footnoteRef:14]) of the identified compounds as 100% of the overall volatile compound response (Rega, Fournier, & Guichard, 2003). Semi-quantitative concentration in the juice was calculated from (TICmolecule/TICinternal standard) × [internal standard concentration].  [12:  EI: Electron Impact]  [13:  RIs: Retention Indexes]  [14:  TIC: Total Ion Chromatogram ] 

2.2.3. Selection of 10 targeted aroma compounds 
To compare HSSE and SBSE sampling modes, 10 targeted compounds were selected as representative of different chemical classes, well separated by GC and important for their impact on odour perception, including four esters (3-methyl-1-butyl acetate, n-hexyl acetate, n-hexyl butanoate), four hydrocarbons (β-myrcene, D-limonene, β-ocimene, valencene), one aldehyde (decanal), and one alcohol (n-hexanol). The integration of the extracted-ion chromatogram (EIC[footnoteRef:15]) was performed by plotting the intensity of the signal observed at the main m/z as function on retention time.  The main m/z were 43 (3-methyl-1-butyl acetate), 93 (β-myrcene), 68 (D-limonene), 93 ((E)-β-ocimene), 43 (n-hexyl acetate), 56 (n-hexanol), 43 (n-hexyl butanoate), 57 (decanal), 117 (n-hexyl hexanoate), and 161 (valencene). The identification of these 10 targeted compounds was done on the basis on their RI, mass spectra and confirming with standards. The relative standard deviation (RSD[footnoteRef:16]) was calculated on the peak area after triplicate extractions.  [15:  EIC: Extracted-Ion Chromatogram]  [16: ] 

2.3. Solvent-Assisted Flavour Extraction (SAFE)
A SAFE extractor under vacuum (1 Pa) was used. Previous to extraction, 120 mL of fruit juice was stirred for 30 min with 200 µL of propyl-octanoate (100 mg/mL in ethanol) added for semi-quantitative purposes and internal standardization. The sample with the internal standard was introduced into the SAFE extractor for 2 hours at 40 °C. The distillate was extracted using 15 mL of distilled dichloromethane for 15 min at approximately 0 °C and filtered and dried through glass wool (Glaswarenfabrik, Sondheim, Germany) with anhydrous sodium sulfate (Prolabo, Paris, France). This operation was repeated three times, and the organic phases were pooled in a 50-mL flask. The dichloromethane extracts were concentrated to a final volume of approximately 215 µL using a Kuderna–Danish concentrator with a water bath at 70 °C. SAFE extraction was performed in triplicate. A 1 µL volume of each extract was injected for analysis by GC-MS as described in section 2.2.2. 
2.4. Head Space Solid Phase Microextraction (HS-SPME) 
A Supelco (Belfonte, PA) 50-µm divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS)-coated 2 cm-fused silica fiber and a Gerstel automatic holder (Mülheim Ruhr, Germany) were employed. Following the recommendations of the manufacturer, prior to use, the fiber was conditioned in a GC injector port for one hour at 270 °C. The fiber was chosen because its three-phase composition permits the extraction of a wide range of compounds with different chemical structures and polarities. A volume of 1000 µL of isobutyl alcohol (1000 µg/mL in ethanol) was added to 20 mL of juice as an internal standard. Then, a 5 mL volume was directly placed into a 20-mL vial sealed with magnetic taps with a polytetrafluoroethylene (PTFE[footnoteRef:17]) setup. The extraction was performed in the multipurpose sampler in headspace mode and stirring mode to facilitate the release of volatiles. The experimental conditions were initially suggested by Rega et al. for the analysis of volatile compounds in orange juices; slight variations were introduced in the present work, e.g., the extraction time was increased to 30 min (Rega, Fournier, & Guichard, 2003). In all cases, the fiber was exposed to the headspace of the sample during the so-called stabilization time (i.e., 10 min) at 40 °C, and then the extraction was performed for 30 min (at 40 °C). HS-SPME was performed in triplicate. Upon completion of the extraction step, the targeted compounds were thermally desorbed into the GC injector in splitless mode at 250 °C for 10 min and subsequently analysed by GC-MS as described in section 2.2.2.  [17:  PTFE: PolyTetraFluoroEthylene] 

3. Results and discussion
3.1. Stir bar and solid-phase fiber conditioning
Before the analysis of the juice, blanks were subjected to solid-phase extraction using the same method used for sample analysis to identify artefacts from the fiber in HS-SPME and twister in SBSE and HSSE. Some common previously reported artefacts were observed by SBSE at 3.0 min (hexa-methyl-cyclotrisiloxane), 6.0 min (octa-methyl-cyclotetrasiloxane), 11.1 min (deca-methyl-cyclopentasiloxane) and 16.0 min (tetradeca-methyl-cycloheptasiloxane) (Ruan, Aalhus, Juarez, & Sabik, 2015). These peaks are all derived from siloxane, which forms as a degradation product of PDMS. To avoid or minimize PDMS degradation, stir bar must not have a very high desorption temperature. Previous identification of these peaks was necessary to avoid a misidentification because of overlapping with the volatile compounds in the chromatogram or interfering in the mass spectra. Some peaks were also observed by HS-SPME, but the signal/noise ratio was very low, and thus overlap or interference with the identification of volatile compounds was not observed. Satisfactory blanks between consecutive runs were obtained for the complete procedure when applying the above-described experimental conditions (SBSE, SAFE, HSSE and HS-SPME). To avoid a carry-over effect, it was very important to recondition the stir bar after each analysis, particularly in SBSE sampling mode.
3.2. Effect of sampling conditions on the enrichment of 10 targeted compounds by SBSE       and HSSE in fruit juice
The influence of sample volume, sample temperature, and extraction time on the extraction amount for the 10 targeted volatile compounds is presented in Table 1. The differences observed are important for a better integration of the peak areas or even a better detection of a specific compound. The effect of sampling volume (5 and 10 mL) was only tested with SBSE. Only a small increase in the amount of all the volatile compounds was observed when a higher volume (10 mL) was used. Table 1 shows that PDMS absorption was lower at RT than at 40 °C for the two sampling modes (SBSE and HSSE) during the 120-min extraction time. Temperature may have opposing effects. A higher temperature favours the transfer of the most volatile compounds into the vapour phase, but the solubility of the most polar compounds in aqueous medium increases, and their amount in the vapour phase decreases. For the targeted compounds, the enrichment increased with temperature at RT and 40 °C. The relative standard deviation was higher for HSSE (2.0–46.9%) than for SBSE (1.7–14.3%). This discrepancy can be attributed to two factors. First, the room temperature was not controlled, and any temperature variation may affect the reproducibility of the extraction in the gas phase (HSSE). Second, equilibrium in HSSE is based on partitioning among the liquid phase, the gas phase, and the PDMS from the stir bar, whereas for SBSE, there is only partitioning between the liquid phase and PDMS. Thus, equilibrium is reached faster for SBSE than for HSSE because exchange is faster for the direct transfer from the juice to the PDMS stir bar. Table 1 shows the effect of extraction time in both SBSE and HSSE. As expected, extraction time influenced the amounts extracted of the following volatile compounds β-myrcene, D-limonene, β-ocimene, n-hexyl-butanoate, decanal, and n-hexyl hexanoate. Valencene enrichment also increased with time using SBSE, as did the enrichment of β-myrcene, D-limonene, β-ocimene using HSSE. However, the extracted amounts of 3-methyl-1-butyl acetate, n-hexyl acetate, and n-hexanol decreased with increasing extraction time. This fact could be explained by the great number of compounds from different chemical families with different volatilities, and an eventual competition between volatiles on the stationary phase (Lubbers, Decourcelle, Vallet, & Guichard, 2004). It will thus be difficult to achieve an optimum equilibrium time for all targeted compounds simultaneously. Moreover, due to the high capacity of the phase coating in SBSE, the equilibrium time is very long. Depending on the application, using the full capacity of the extraction phase, particularly for qualitative or quantitative aspects in time-limited analysis, may not be productive. If the methodology is very well standardized, in many cases, equilibrium must not be reached for successful extraction. 
3.3. Comparison of non-targeted volatile analysis by SBSE, HSSE, HS-SPME and SAFE in fruit juice
Figure 1 shows the total ion chromatograms (TICs) and the identification of the 10 targeted compounds after SBSE, SAFE, HSSE and HS-SPME. First-eluting compounds, which are consequently more volatile, were more enriched by headspace techniques such as HSSE and HS-SPME, whereas later-eluting compounds (lower volatility) were more greatly enriched by SBSE. There were slight differences in GC retention time for volatile compounds between the two modes of injection. Solid-phase extraction methods may require a desorption phase before analysis. Heating from -100 °C to 275 °C takes several seconds for SBSE and HSSE. 
Table 2 presents the compounds identified with the four extraction methods: SBSE, SAFE, HSSE and HS-SPME. SAFE (83) and SBSE (64) allowed detecting and identifying more compounds than HSSE (56) and HS-SPME (45). Among the 93 compounds in Table 2, the identification of 81 was confirmed with pure standard compounds, and the others were tentatively identified on the basis of the RI and the comparison of their mass spectra with the three databases mentioned in section 2.2.2. The compounds were grouped by chemical family: acids, alcohols, esters, carbonyls, ketones, furans, lactones, and sulfur compounds. Compounds present in trace amounts were detected and identified based on the extracted ion of the main MS fragment (EIC). For example, n-octanol was identified in SBSE samples thanks to ions (m/z 41 and 55) at the retention index (RI: 1564) because initial identification was not possible from TIC in SBSE samples. Concerning acids, SBSE and HSSE were superior for the extraction, concentration, and, consequently, identification of long-chain acids (i.e., n-dodecanoic acid, n-tetradecanoic acid, n-pentadecanoic acid, and n-hexadecanoic acid) because of the high ability of PDMS to pre-concentrate non-polar compounds. However, short-chain acids such as n-pentanoic, n-hexanoic, and n-octanoic acid were identified only after extraction with SAFE. More alcohols were detected and identified using SAFE (18) than using SBSE (10), HSSE (9), and HS-SPME (9). Alcohols are highly soluble in water, and SAFE is an aqueous extraction technique performed under vacuum. This solubility is particularly important for the subsequent evaluation of the odour activity of alcohols. For aldehydes, no differences were observed depending on extraction method for the identification of hexanal, (E)-2-hexenal, octanal, and decanal. SAFE identified a greater number of carbonyls/ketones, particularly compared to headspace techniques. For example, nootkatone, which has a pleasant grapefruit-like odour, was only identified when SBSE and SAFE were used (see Figure 1 enlarged area). More esters were detected and identified using SAFE (22) than SBSE (13), HSSE (12), and HS-SPME (12). However, hydrocarbons were easily identified using solid-phase extraction methods such as HSSE, SBSE, and HS-SPME, mainly because of the non-polar nature of PDMS. Even when a three-phase coating (DVB/CAR/PDMS) was used by HS-SPME, HSSE and SBSE were able to extract more compounds using a one-phase PDMS coating, suggesting that SPME limitations comes from the limit of sorptive material and not because of its composition. SAFE enabled the detection and identification of two lactones and three sulfur compounds that were not identified using the other extraction methods. Phenols, which are the less volatile and the most polar compounds, were more easily extracted using SAFE and SBSE. Besides providing a direct comparison of different extraction methods, our results highlight the high potential of the stir bar extraction method in liquid sampling mode (SBSE) to extract a large number of non-targeted volatile compounds in a relatively high amount.
The GC profiles obtained after SBSE, SAFE, HSSE and HS-SPME all yielded a similar total amount of compounds on the order of 109 (a.u.)  (Figure 1). However, the relative recovery (RR %) of each single volatile compound varied significantly depending on the extraction mode (Table 2). Hydrocarbons represented more than 50% of the volatile composition recovered by the solid-phase extraction methods, with values of 62.9%, 78.5% and 76.1% for SBSE, HSSE, and HS-SPME, respectively. In general, hydrocarbons were more highly enriched using SBSE and HSSE than using HS-SPME because of the higher amount of polymer covering the bar; this enrichment may be of interest for ultratrace analyses of non-polar compounds or active non-polar compounds with very low thresholds. The proportions of ester were of 20.8%, 14.1%, 14.4% and 17.4% for SAFE, SBSE, HSSE, and HS-SPME, respectively. The largest difference was observed in alcohol content, which was 34.7% using SAFE and less than 5% when the solid-phase method was used. As previously mentioned, this difference is attributable to the use of a polar medium in SAFE. The content of acid and lactones was higher when SBSE was used, 8.4% and nearly 0.4%, respectively. For the four extraction methods, carbonyls/ketones and furans contributed little to the total relative recovery. The RSDs were much lower (0.2–8.1%) when calculated by extracting the major fragmentation for each single compound from the TIC. Reproducibility remained very good (average RSD < 10 %) even when the RSD was calculated directly from the TIC from SBSE samples. 
3.4. Semi-quantitative non-targeted analysis and five major volatile compounds extracted in fruit juice
Semi-quantification of the volatile compounds in the juice after SBSE, SAFE, HSSE and HS-SPME in triplicate is presented in Table 2. Obviously, the semi-quantitative results expressed as microgrammes of volatile per litre of fruit juice differed according to the extraction methodology. The extraction process is based on equilibrium, and therefore the partition coefficients for each volatile compound depend on the volatile compound, pH, temperature and extraction methodology used. Moreover, semi-quantitative data in a non-targeted approach only ascertain the relative concentrations between samples and not the absolute concentration because the response factor is not considered. However, the concentration of ethyl-octanoate (ester, RI: 1437) was 7.9 µg/L and 10.4 µg/L using SBSE and SAFE, respectively. These data were comparable because the internal standard used was propyl-octanoate (ester, RI: 1523), a compound with chemical and physical properties similar to those of ethyl-octanoate that thus likely has a similar response factor. Similarly, for HSSE and HS-SPME, the internal standard was isobutyl alcohol (alcohol, RI: 1096), and the concentration calculated for n-butanol (alcohol, RI: 1151) was 24.2 µg/L and 25.1 µg/L using HSSE and HS-SPME, respectively. The five major compounds extracted and identified were: D-limonene, β-myrcene, (E)-β-ocimene, n-hexadecanoic acid and 3-methyl-1-butyl acetate by SBSE; D-limonene, n-hexanol, 3-methyl-1-butyl acetate, n-hexanol, 2-methyl-1butanol by SAFE; D-limonene, β-myrcene, 3-methyl-1-butyl acetate, (E)-β-ocimene, butyl acetate by HSSE and D-limonene, β-myrcene, (E)-β-ocimene, 2-methylbutyl butanoate, n-hexyl acetate by HS-SPME. These compositions do not directly indicate the odour composition because the compounds present in higher relative amounts are not necessarily the most odorous. However, the qualitative and semi-quantitative results using GC-MS indicated that the odour balances of the extracts may differ, which is important for further analyses (i.e., detection frequency, dilution techniques and direct intensity used by GC-O) that directly depend on the extract recoveries achieved. In this case, D-limonene was the major compound for SBSE, SAFE, HSSE and HS-SPME. D-limonene gives citrus, fruit, and herbs notes and is a major compound in orange juices (Derail, Hofmann, & Schieberle, 1999). The second major compound identified differed depending on the methodology used. For SAFE, it was n-hexanol, which is usually associated with banana, flower, and herb notes and has been previously identified in orange, peach, apple, apricot, pineapple, and passion fruit (Derail, Hofmann, & Schieberle, 1999; Jordan, Goodner, & Shaw, 2002; Pino,  Marbot,  Rosado, & Vazquez, 2004; Greger, & Schieberle, 2007; Pino, 2012; Nijssen, Ingen-Visscher, & van Donders, 2016). For SBSE, HSSE and HS-SPME, β-myrcene was the second major compound, with balsamic, fruit, geranium, herb, and must notes (Nijssen, Ingen-Visscher, & van Donders, 2016). β-Myrcene was also identified in SAFE as one of the five major compounds. 3-Methyl-1-butyl acetate, an ester with apple, banana, glue, and pear notes, was extracted by SBSE, HSSE and SAFE as the fifth, third and third major compound, respectively. 2-Methyl-1-butyl acetate, which has apple, banana, glue, pear and fruit notes, and n-butanol, which has medicine notes (Nijssen, Ingen-Visscher, & van Donders, 2016), were the fourth and fifth compounds when SAFE was used. SBSE, HSSE, and HS-SPME were more selective than SAFE for (E)-β-ocimene, which has citrus, herb, mould, sweet, and warm notes (Nijssen, Ingen-Visscher, & van Donders, 2016). n-Hexadecanoic acid, which has rancid, wax notes, was not extracted by SAFE but was a major compound in the volatile profile when SBSE was used. Thus, the relative compositions of these two extracts were clearly different qualitatively and quantitatively. These differences emphasize the relevance of the selection of the extraction method for the correct evaluation of odour. 
4. Conclusions
In conclusion, HSSE and SBSE are complementary sampling modes, with greater enrichment of volatile compounds using SBSE, which enabled the extraction and identification of some compounds missed by HSSE in fruit juice. The proposed non-targeted screening allowed complementary volatile compounds profiles to be obtained with the four extraction methods. Identification in terms of the number of compounds and recovery was higher using SBSE than using HSSE or HS-SPME and was slightly lower than using SAFE methods. We thus demonstrated that SBSE could be a rapid and useful method to extract volatile compounds from fruit juices. The next step will be to search for key odorant volatile compounds using SBSE and GC-O applied to different fruit juices. The odorant compounds present only in trace amount could be further identified in order to quantify them using a targeted approach. Multivariate data analysis may be an useful tool to have a global representation of the differences between juices and extraction methods. 
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