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Abstract

:

Although relatively small, the Australian cider industry has experienced significant growth in recent years. One of the current challenges in the industry is the lack of research specific to Australian ciders. Establishing baseline volatile organic compound (VOC) profiles of Australian cider is paramount to developing a better understanding of the industry. This understanding may ultimately be utilized for both the categorization and authentication of existing ciders, and the targeted modification of cider volatiles for the development and improvement of cider quality. This study utilized gas chromatography, coupled with mass spectrometry, to identify key VOCs present in 14 ciders sourced from four different manufacturers in Queensland, Australia. A total of 40 VOCs were identified across the ciders, with significant variation depending on the flavor and manufacturer. Principal component analysis indicated that the ciders were well-separated based on the manufacturer, supporting the prospect of using the volatile composition to discriminate between cider manufacturers. Furthermore, hierarchical cluster analysis highlighted the commonalities and differences in cider composition between different manufacturers, which may be indicative of the varying ingredients and manufacturing processes used to create the ciders. Future studies profiling the volatile composition of larger numbers of Australian ciders are recommended to support the use of this analytical technique for authentication purposes. Likewise, exploration of the relationship between specific processes and VOCs is recommended to fortify an understanding of how to optimize cider production to improve consumer satisfaction.
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1. Introduction


Cider is a traditional alcoholic beverage that has been produced throughout history wherever apples are found, with the most prominent cider-producing countries being France, Spain, and England [1]. In Australia, cider accounts for only 2.5% of the alcohol available for consumption [2], dramatically overshadowed by other beverages, such as beer, wine, and spirits. However, cider consumption within Australia has increased by 11.8% over the past five years [2]. This increase in cider consumption has been accompanied by a similar trend in local cider production, with organisations such as Cider Australia working towards strengthening Australian cider production to implement industry initiatives, such as the Australian trust mark. This mark indicates that the cider has been produced from 100% Australian-grown materials, guaranteeing the beverage’s authenticity for the consumer [3].



Despite the current industry growth and interest in improving production techniques and materials, there is a current lack of research surrounding Australian ciders. Australian cider research has been scarce, with much of the technological knowledge being adapted from the extensive research conducted in the beer and wine industries [4]. More recently, there has been a shift of focus towards developing a better understanding of the relationship between the materials and processes used to make ciders and their volatile organic compound (VOC) profiles.



Cider flavour is strongly influenced by a complex mixture of compounds, with VOCs such as 2-phenylethanol [5], diethyl malate [6], octanoic acid [7], and 6-methyl-5-hepten-2-one being identified as important contributors. Similarly, acetates, butanoic and hexanoic acids, and hexanol also play important roles in influencing flavour and aroma [8,9,10,11,12,13].



In recent international studies, the VOC composition of ciders has been related and associated with technologies and practices of the different stages of cider production. All processes throughout cider manufacturing can impact on the VOC composition, including the production of the apple must, second-stage fermentation, and the maturation stage [14]. Factors involved in the first stage include variety of apple used, fruit preparation, fruit pressing techniques, and must clarification [4,15]. The VOC composition of apples differs greatly between varieties. Kakiuchi et al. [16] were able to discriminate between apple varieties, and growth regions within varieties using gas chromatography–mass spectroscopy (GC–MS). Holland, et al. [17] found that Fuji apples contain high levels of 2-methyl butyl acetate, compared to Granny Smith apples, which tend to accumulate hexyl acetate. Similarly, Young, et al. [12] found that butanol is one of the most impactful aroma compounds in Royal Gala apples, while Villatoro, et al. [18] found that Pink Lady apples contain high levels of hexyl 2-methylbutanoate compared to other varieties. Furthermore, it is important to note that temporal factors can also affect the volatile composition of apples within varieties. In work conducted by López, et al. [13], Golden Delicious and Granny Smith apples from consecutive years contained different relative VOC compositions. Despite the importance of understanding the relationship between apple variety and cider VOC profiles, research in the area is limited [4], and often hindered by the complicated and dynamic change to existing apple volatiles during fermentation [15]. However, recent research has endeavored to rectify this lack of knowledge; for example, Rosend, et al. [4] found that apple variety had the primary influence on the VOC composition of Estonian ciders, followed by the effect of yeast strains and apple maturity. Ciders from two of the apple varieties (Antei and Melba) showed quite distinct VOC profiles, while those from two other varieties (Kulikovskoye and Orlovski Sinap) showed very similar VOC profiles to one another and could not be discriminated. Medina, et al. [19] was able to use the volatile composition of Portuguese ciders as a biomarker for the apple variety used. However, there is limited information available on the commonality of VOC profiles within commercial cider products produced by a single manufacturer, who may use different apple varieties but with the same cider manufacturing processes.



Important variables associated with the second processing stage of ciders include the yeast strains used in the fermentation process [4], biomass reduction, and maturation [20,21]. The role of yeast strain in the VOC content of cider is of current research interest, with Lorenzini, et al. [14] analysing the VOC profile of ciders produced by seven different yeasts. The results indicated potential for utilizing specific yeast strains to achieve selection for certain desirable volatiles; for example, 2-phenylethanol was found at a higher concentration in ciders produced by Saccharomyces uvarum and Hanseniaspora uvarum [14]. Additionally, the use of nonconventional yeast species can also be used to improve cider VOC profiles through the reduction of undesirable volatiles. He, et al. [22] found that cider fermentation using Schizosaccharomyces pombe resulted in lower concentrations of malic acid, ethyl pentanoate, and ethyl hexanoate, whilst retaining higher residual sugars. Overall, this resulted in a cider that was described as sweeter and honey-like when compared to S. cerevisae fermented ciders. Another technological process that can impact on volatile composition is biomass reduction, which is a practice in which yeast cells are removed during fermentation, creating a low nitrogen environment [23]. This reduces the speed of fermentation and allows greater control over the process, improving cider sweetness and promoting fruity ester production. Villière, et al. [21] found that while biomass reduction increased residual sugar content, the only volatiles favoured by the process were butanoic acid and 3-methylbutanoate. This indicates that the degree of biomass reduction needs to be tailored specifically to the must, and that further research is required to optimise the process.



The maturation stage of ciders has also been reported to impact the overall sensory perception of cider derivatives. Rodríguez Madrera, et al. [24] found that greater maturation of the ciders selected for distillation provided cider spirits with better sensory ratings. In turn, the sensory evaluation of the cider spirits improved with longer maturation times. Over the period studied (2 years), the concentrations of compounds such as ethyl acetate, ethyl lactate, diethyl succinate, and acetal declined, while the concentration of C12, C14, and C16 fatty acid ethyl esters was found to increase [25].



These relationships are yet to be explored within the context of Australian ciders. However, such studies are hampered by a lack of basic contextual data on the volatile composition of Australian-made ciders.



The work presented here aims to establish a snapshot of the current VOC makeup of ciders produced in southern Queensland. This will provide valuable baseline information on the composition of Queensland-made ciders, as well as building a foundation which can be used as an authentication technique for discriminating between cider manufacturers or the detection of adulterated products. In addition, these techniques could be utilised in future research into the correlation between favourable VOCs and the impact of specific cider making practices and technologies. Consequently, this could provide a tool for improving cider product quality through targeted modifications of their VOC profile.



The specific aims of this study were to:




	
Profile the VOC composition of commercial southern Queensland ciders;



	
Determine if VOC composition could be used as a means of discriminating between ciders produced by different manufacturers.









2. Materials and Methods


2.1. Reagents


All reagents used were of analytical grade. Dichloromethane (DCM) was purchased from Merck Australia (Sydney, Australia). Anhydrous sodium sulphate and alkane standards (C8–C20) were purchased from Sigma Aldrich Australia (Sydney, Australia).




2.2. Cider Samples


Fourteen cider samples were sourced from the four commercial cider manufacturers found in Queensland, Australia (Table 1). All samples were sourced at the same time of year. The apples used by all four manufacturers were all grown within the Granite Belt region in south-east Queensland. The region itself is centered on the town of Stanthorpe (28.6552° S, 151.9345° E), and is well known for its apple production. The collection of ciders in this study incorporates the entirety of commercial ciders brewed in this geographical region (Queensland). The specific apple variety used to make the cider was only available for five of the ciders (ciders 1, 7, 8, 12, and 13; Table 1), as this information is typically kept as a manufacturer trade secret. Similarly, the exact manufacturing processes of most ciders were not provided by the manufacturers due to trade secrecy. However, the aim of this study was not to correlate the VOC composition to specific apple varieties or manufacturing processes, but rather to provide baseline information on the VOC profiles of commercial Queensland ciders and investigate the commonalities and variation in VOC profiles between different manufacturers.




2.3. Extraction Procedure


To extract the VOCs from the cider samples, DCM (0.8 mL) was added to 5 mL of each cider sample aliquot and one procedure blank (n = 15). One replicate extraction was performed per cider. These were homogenized for 15 min using a Ratek RM4 end-over-end shaker (Melbourne, Australia), operating at 50 rpm. On completion, the organic layer was separated and collected in a 1.5 mL vial. This extraction protocol was repeated a second time with another 0.8 mL of DCM to optimize the VOC extraction efficiency. Anhydrous sodium sulphate was added in excess to the combined DCM extract to remove the presence of any water, before carefully withdrawing the dehydrated DCM soluble supernatant for subsequent analysis. The DCM extracts were filtered (0.45 µm polytetrafluoroethylene (PTFE); Livingstone brand; Sydney, Australia) before analysis by gas chromatography–mass spectroscopy (GC–MS).




2.4. VOC Analysis by GC–MS


GC–MS analysis was conducted on the DCM extracts using a Shimadzu 2010Ultra instrument (Kyoto, Japan) fitted with an Rtx-5MS column (30 m × 0.25 mm × 0.25 µm; Kyoto, Japan). Nitrogen was used as the carrier gas at 1 mL min−1, with an injection volume of 0.5 µL. The injection temperature was 250 °C, with an initial oven temp of 40 °C; ramped at 7 °C min−1 to 190 °C (2 min hold), followed by a 20 °C min−1 ramp to 250 °C (2 min hold). Peak identification was conducted primarily using an automatic integration function based on peak height; additional manual integration was conducted based on the similarity search result (>85% was included). Linear retention indices (LRI) were calculated for each compound following the method of van Den Dool and Kratz [26], based on the elution times of a series of alkane standards (C8–C20) injected using identical chromatographic conditions.



Compound identification was accomplished using the similarity search function of the NIST14s GC–MS library; compounds with a close spectral match (greater than 85% similarity) and a similar LRI were identified; compounds with lower similarity matches or different LRI values were only tentatively identified according to similarity of MS spectra, and LRI in compounds detected in similar research.




2.5. Chemometric Analysis


The chemometric data analysis was performed using the Unscrambler X (version 10) (Camo Analytics; Oslo, Norway). To investigate the relationships between different cider samples and the intercorrelations between individual VOCs, the exploratory data reduction technique of principal component analysis (PCA) was utilized. This is a commonly used technique for reducing datasets containing a large number of variables to just a few variables (termed principal components), which are easier to interpret [27].



Prior to performing the PCA, the dataset was normalized by dividing each value by the standard deviation for that compound. This ensured that compounds in relatively higher concentrations did not exert an undue influence on the analysis. In order to further investigate the overall similarity in the composition of the cider samples, the unsupervised clustering technique of hierarchical cluster analysis (HCA) was also performed.



This also used the normalized dataset, along with a hierarchical single-linkage clustering method and a Euclidean distance measure. This data analysis technique was used to identify different “clusters”, comprising ciders which possess similar volatile profiles.





3. Results and Discussion


Across the 14 ciders analyzed, a total of 40 distinct peaks were detected (Figure 1). A total of 36 of these were identified from their mass spectra and LRI, while the remaining four were tentatively identified using either their mass spectrum or their LRI. Of the 40 compounds, esters, phenols, acids, and monoterpenes made up 67.5% of the overall VOC diversity. Alcohols, ketones, furans, ethers, acetals, and aldehydes accounted for the remaining 32.5% VOC diversity (Table 2). The peak areas of each compound were used to calculate the relative abundance of the compounds present in each cider, as shown in Table 3.



3.1. Esters


Esters are an essential group of sensory active compounds within cider and are recognized as primarily responsible for the pleasant, fruity, and floral qualities they impart [7]. Esters are found within both apple flesh and apple juice; however, most esters are understood to form during the fermentation process through the esterification of acetyl-CoA molecules and the various alcohols that are produced during cellular metabolism of yeasts [21]. Increased cider maturation time allows for the continued esterification of fatty acids and alcohols, resulting in an increase in esterified compounds, with a concurrent decrease in higher alcohol concentration [20].



Of the esters identified, the most abundant was diethyl maleate, which was present in 13 of the 14 ciders and is associated with a caramel odor [6]. This was followed by hexyl 2-methylbutanoate, which is associated with a fresh green and fruity aroma. This compound is found in highest concentrations in Pink Lady apples [18], as compared to other varieties, such as Gala [28] and Fuji [29].



Notably, hexyl 2-methylbutanoate was detected at much higher levels in the only cider listed as containing Pink Lady apples (cider 12). Propyl propionate, an ester commonly found in apple juice [30] and associated with apple, banana, and pineapple flavours [31], was found in 13 of the ciders. Pentyl acetate, which is described as having a fruity odour [5], was also detected in 13 of the 14 ciders and is perceived to have a minor impact on overall cider quality due to its low aroma threshold [5]. Whilst isopropyl 2-methylpropanoate was tentatively identified in all 14 ciders, its presence as a common VOC in either apples or cider has not been reported. Diethyl succinate has been previously reported from cider spirits, with its concentration reported to significantly decrease in cider spirits during their maturation in inert vessels [25]. There is no reported organoleptic impact of diethyl succinate in cider; however, it has been reported to have minimal impact on the aroma profile of Australian port wine [32].



Ethyl hexanoate and ethyl octanoate accounted for the detected ethyl esters, which are the product of esterification of fatty acids with ethanol. As fatty acids would only be found at trace levels within typical cider fermentations, the resulting ethyl esters would be expected to only be found at trace levels [33]. Nicolini, et al. [34] analysed ciders produced from single apple varieties: Golden Lasa, Braeburn, Granny Smith, Fuji, Reinette Champaign, and Reinette dessert apples. They found that ethyl hexanoate and ethyl octanoate concentrations were highest in Fuji based ciders brewed using Saccharomyces cerevisiae yeast strains: Fermicru LS2 and Zymaflore VL1. Although the ethyl hexanoate levels were not the highest in the cider listed as containing Fuji apples (cider 7), it is worth noting that this cider did contain the highest ethyl octanoate levels. As a subgroup, they make up most of the unique ester compounds found in ciders [5]. Responsible for fruity, sweet [35], green [36], and fermented notes [37], these ethyl esters are generally positively correlated with a sluggish, stressful fermentation in ciders [21].



Ethyl octanoate levels have previously been observed to increase during fermentation of cider, before sharply declining on the final day of fermentation [15]. This reduction is likely due to the hydrolysis of these esters by the esterase enzymes produced by the yeast at the final stages of fermentation [15]. Of the 14 ciders analysed, the presence of ethyl octanoate was confirmed in 9. It is plausible that the fermentation period for these nine ciders may have been reduced to preserve some of the sugars to improve the sweetness of the product, inadvertently preventing the enzymatic hydrolysis which commonly occurs during the final days of fermentation. Ethyl octanoate is also positively correlated with the practice of biomass reduction [21]. Furthermore, the low nitrogen environment favours oxidative respiration of the yeast cells, producing more desirable aroma-active compounds [23]. Additionally, biomass reduction is advantageous for the process of natural gasification, in which carbon dioxide is produced by yeast cells within the bottle to produce a carbonated beverage, a method developed for the natural gasification of champagne [23]. In contrast, ethyl hexanoate—responsible for fruity and fermented odours—is negatively correlated with biomass reduction during fermentation of cider [21].




3.2. Alcohols


Alcohols are biosynthesized by plants during fruit ripening, and produced during the fermentation process [54]. Associated with honey and whiskey imparting aromas [55], alcohols generally provide positive effects on the overall aroma profile of ciders. However, at concentrations above 400 mg L−1, some alcohols develop an unpleasant flavor and a harsh, unfavorable taste [54]. Reduced concentrations of alcohols are found in ciders that have undergone pre-fermentation heat treatment, which removes the initial alcohols formed from fruit ripening [56]. Additionally, the practice of must clarification, in which colloidal pectin, cell wall fragments, and pulp are removed [57], has been shown to reduce alcohol concentration in both wines [54] and ciders [58].



The most abundant alcohol was found to be 2-phenylethanol, which is formed from the metabolic transformations of phenylamine via the Ehrlich pathway during fermentation [59]. Found at trace levels in apple juices, 2-phenylethanol increases drastically during fermentation, making it one of the most abundant aromatic compounds within cider [60]. It has an aroma threshold (in 10% ethanol) of 10 mg/L [5], and imparts floral and honey odors [36]. It is commonly found in other fermented products, such as wine, whiskey, and rum [5,36].



The abundance of 2-phenylethanol has been found to be directly proportional to the abundance of amino acids added to nitrogen-deficient wine fermentations [61]. Research into the large-scale biotransformation of 2-phenylethanol for the cosmetic industry has indicated that higher yields are achieved when L-phenylalanine is provided as the sole source of nitrogen for the fermentation [62]. It is possible that the addition of L-phenylalanine after successful biomass reduction could trigger increased production of 2-phenylethanol, which is desirable for their aroma profiles. However, further research would be needed to confirm the linearity of the addition of L-phenylalanine with the production of 2-phenylethanol under these conditions.



All 14 ciders contained 1-hexanol, which is produced from the bioremediation of unsaturated fatty acids [63] and contributes to a nutty or musty aroma. It has also been previously noted that the presence of 1-hexanol has a suppressive effect on “apple” aromas [64]. Eleutério dos Santos, et al. [65] found that cider produced from Royal Gala apples contains relatively high levels of 1-hexanol (as compared to Gala variety) regardless of the yeast strain used. Although the ciders containing the highest 1-hexanol levels did not correspond to the ciders listed as containing Royal Gala apples (ciders 7 and 8), it is possible that some of the other ciders did also contain the Royal Gala variety, thus explaining their elevated levels of 1-hexanol. Additionally, through the action of alcohol acetyltransferase (AAT) enzyme [66], 1-hexanol is converted to hexyl acetate, which is a favorable aroma-imparting compound in both wines and cider, known for its enhancement of floral and sweet odors [63,64,66,67]. The targeted conversion of 1-hexanol to hexyl acetate through addition of the AAT enzyme post-fermentation may prove advantageous for the improvement of cider olfactory properties. Although hexyl acetate was not assessed in this study, it is possible that the 1-hexanol in the Royal-Gala-containing ciders may have been converted to hexyl acetate post-fermentation, which could account for the relatively low 1-hexanol concentrations observed in this study.



The typical presence of 2,3-butandiol in cider is due to the diacetyl metabolism by lactic-acid-producing bacteria [68] and is often described as buttery or creamy, with an aroma threshold of 120 mg L−1 (10% ethanol) [69]. 2,3-butandiol is recognized as a valuable aroma-imparting compound within cider, and is responsible for enhancing the cider’s global aroma intensity [68].



3-ethoxy-1-propanol was found in most of the cider samples, at concentrations between 0.2 and 3.8%. It is an aroma-active compound producing a fruity aroma at a sensory threshold of 0.1 mg L−1 (in 14% ethanol) [70]. Produced by yeast metabolism in beer and cider, 3-ethoxy-1-propanol is generally found in trace concentrations. However, if the cider undergoes distillation, 3-ethoxy-1-propanol will be collected in the final fractions of distillation due to its amphiphilic nature; the ether in these distilled beverages is somewhat dependent on the distillation procedures used [70]. 3-Methoxy-1-butanol was found at trace levels in all the analyzed ciders; there are no reports of the occurrence of this compound in apples or apple-based drinks. However, the compound has been identified in grape skins [71] and lavender honey [72].



Benzyl alcohol—the main VOC found in passionfruit, known for its fruity and green odors [73]—was also detected in in this study (in cider 6). Similarly, zingerone—a primary odor-imparting compound of ginger, formed through the action of alkali or heat on its gingerol precursor [74]—was detected in both the ciders listed as being ginger flavored (ciders 5 and 10).



Methionol is a sulphur-containing fusel alcohol, formed from the degradation of sulphur-containing pesticides and methionine metabolism [75]. Methionol is associated with cabbage and cauliflower odours [75], and is described as harming the aroma profile of wines [75]. It was only found in low concentrations in the cider samples, with the highest levels in cider 2, a medium–dry apple cider.




3.3. Acids


Acids are responsible for the sour and fresh flavors, alongside rancid or cheesy odors of ciders. The acids found in ciders have two origins: those that are naturally found in apples and other fruits used in the production process [76], as well as those produced via lipid oxidation during the fermentation process [4,15,76]. Acids are described as having exceptionally high aroma intensities [5], and have been estimated to account for up to 15% of ciders’ volatile aroma profile [7]. Additionally, acids are essential in maintaining the pH of the cider and providing resistance to microbial spoilage [60], and are often used as naturally occurring preservatives.



Of the acids that would have an apparent influence towards the ciders’ overall volatile profile, octanoic and hexanoic acid were the most abundant in the ciders included in this study [15,20,60]. Octanoic acid, a product of lipid oxidation, is associated with the soapy, green, cheese, and fatty aromas [7,77], while hexanoic acid is associated with a rancid, cheesy aroma [60,78]. High concentrations of hexanoic acid are typically associated with yeast strain EC1118, commonly used in wine fermentation [4]. Ciders 10–13, which were all from manufacturer D, contained relatively high levels of hexanoic acid, indicating that this manufacturer may use EC1118, or a similar strain of yeast.



Butanoic acid, while not particularly abundant within the tested ciders (only found in samples 10–13), is one of the few compounds which has been positively correlated with biomass reduction [21]. Butanoic acid is generated during the fermentation process through amino acid catabolism, which occurs more frequently with reduced biomass [79]. Additionally, butanoic acid is one of the few compounds that is correlated with the apple variety used in fermentation, and is more prevalent in sharp cider apples [21]. However, as the apple variety was only listed on the label of one cider, it was impossible to correlate butanoic acid contents to specific apple types in this study. Responsible for cheesy and rancid notes, butanoic acid is also correlated with a reduced concentration of fruity aromas [21], which is generally accepted as a valuable cider characteristic. Hence, lower butanoic acid concentrations may be a suitable indicator for ciders with improved quality.



Other acids which have a lesser impact on the quality of ciders were also detected. One such example was the presence of 4-hydroxy-butanoic acid, a precursor to 4-hydroxy-butonate, which is a common ester in ciders [17]. Preservatives commonly used in beverage manufacturing were also found within the tested ciders. Benzoic acid, which is used as an antibacterial agent [80], was found in two ciders (samples 6 and 12), while sorbic acid, used as an antifungal agent [80], was found in relatively higher concentrations in ciders 5–9, all of which were from the same manufacturer.




3.4. Monoterpenes


Monoterpenes are numerous and structurally diverse, naturally occurring compounds, found only in trace concentrations in cider; however, they still have strong influence on the organoleptic properties [60]. Monoterpenes are primarily derived from the fruit used in fermentation and are metabolized through esterification during fermentation [15]. Additionally, monoterpenes have been identified as a point of interest in developing geographic biochemical profiling in ciders due to the strong dependence of cider monoterpene content directly on the fruit source [7]. However, emerging research with non-Saccharomyces yeast has highlighted the potential role of fermentation processes in altering terpene content types [81].



Of the all the monoterpenes identified in the sampled ciders, eucalyptol and alpha-terpineol were the most abundant, with linalool, endo-borneol, and citronellol detected at low levels.



Eucalyptol, a monoterpenoid found in Eucalyptus leaves [82], is described as having a characteristic fresh and cool odor that positively contributes to the cider’s overall flavor profile, possibly through its synergistic interaction with other VOCs [83]. The exact origins of eucalyptol in cider is still unclear; however, it has been proposed that eucalyptol content in wine is related to the proximate presence of vineyards to eucalyptus trees [84]. As only three of the ciders in this study (ciders 5, 10, and 11) were determined to contain eucalyptol, it is unlikely that proximity to eucalyptus was the cause. Eucalyptol is also a major VOC from apple leaves [85], and is also found in Australian ginger [86]. As both ciders 5 and 10 were labelled as ginger flavored, and cider 11 only contained trace levels of eucalyptol, this compound is likely derived from the added ginger product.



The monoterpene alcohols linalool and dihydromyrcenol are often detected together in GC-based analysis, and contribute to the flowery and citrus aromas in wines [87]. Previous research has found that the concentration of linalool is influenced by the yeast strain [14] and the apple variety used in the fermentation of cider [19]. Dihydromyrcenol has not been previously reported in cider; however, it is typically found in blackcurrants, where it is responsible for their citrus and herbal aromas [87]. Borneol is often found in lemon/lime carbonated beverages and is associated with a camphorous odor [88]. Citronellol is scarcely found in ciders; however, it is suspected to originate primarily from the apple cultivar used [89]. Found in two of the ciders (ciders 10 and 11), citronellol positively impacts the cider’s olfactory qualities [60] through its citrus, fresh, and floral aromas [90]. Although there is limited information relating to the occurrence of α-terpineol in ciders, it is commonly found in muscat wine [91]. This compound is produced through the biotransformation of geraniol and is only detected postfermentation, with its concentration being influenced by the type of yeast used in fermentation [92].




3.5. Volatile Phenols


Volatile phenol compounds are of particular interest in ciders due to the distinct and vital roles they play in cider quality, including imparting colour, bitterness, and astringency, whilst also providing health-benefitting properties through their capacity for antioxidative scavenging of free radicals [93,94]. In this work, phenols were found to be one of the most diverse groups of compounds.



Tyrosol, a derivative of 2-phenylethanol, formed during fermentation through the deamination of tyrosine [95], was abundant, detected in 12 of the 14 ciders. Tyrosol is notable for influencing the bitterness of wine [96], as well as providing numerous beneficial health effects [97].



The volatile phenols chavicol and eugenol were also detected in 13 and 10 of the 14 ciders, respectively. These volatile phenols contribute sweet, spicy, and clove aromas [5].



Within the volatile phenols, 2-ethylphenol is unique in that its sensory properties are not considered desirable. Described as producing a raw and peppery aroma [98], it has also been associated with flavours such as leather, cow manure, and asphalt in wine [99]. 2-Ethylphenol is produced by the biotransformation of hydroxycinnamic acid and is commonly related to the presence of Lactobacillus collinoides [100], a lactic-acid-producing bacteria involved in the spoilage of cider [101]. Consequently, thermal pasteurisation is often used to remove Lb. collinoides and improve the quality of ciders. However, Lb. collinoides have been shown to develop heat-resistant traits when exposed to less than lethal levels of heat [102]; additionally, pasteurisation can diminish favourable organoleptic and nutritional properties in cider [103]. Other methods, such as microfiltration and UV treatment, have been successfully used to remove Escherichia coli, Cryptosporidium parvum, and Alicyclobacillus acidoterrestris from cider [103]. Further research is required to assess the application of these methods to reduce Lb. collinoides, and the potential to reduce undesirable properties within cider.




3.6. Ketones


6-Methyl-5-hepten-2-one (MHO) was the only detected ketone that plays an important role in overall cider quality, described as providing an apple-like scent [104]. MHO is likely produced from the oxidative decomposition of α-farnesene, a volatile sesquiterpene, during fruit postharvest storage [104]. Additionally, the production and accumulation of MHO have been connected to the fruit postharvest storage temperature, with a rapid increase in MHO production detected in fruit stored at 20 °C for 6 h [105].



Whilst diacetone alcohol was found in three of the ciders analyzed, this compound appeared to be absent from the reviewed literature. The use of diacetone alcohol within flavor enhancer products is one plausible explanation for its presence within these ciders [106].



Interestingly, 3-hexen-2-one was also found in all the cider samples, comprising between 5 and 11% of the VOC composition. There is currently no literature indicating the presence of 3-hexen-2-one as a common VOC in ciders or apples; however, it is a major component of the seeds from the camphor tree, Cinnamomum camphora [107]. Further investigation into the source of this compound in the cider samples is required.




3.7. Ethers


1,4-Diethoxy-2-butene, which was found at trace level in all of the ciders analyzed, is commonly found in the leaves of the Acacia auriculiformis (black wattle) [108]. Again, further exploration of the source of this compound in the cider samples is required.




3.8. Furans


Furfural has minimal effect on the aroma profile in wine and has been described as a toxin towards S. cerevisiae [109]. This deleterious function on yeast has been studied as a tool for inhibiting the alcohol production of wine during fermentation [110]. The occurrence of furfural in cider is often attributed to storage conditions, as studies have shown that furfural is connected to the use of oak wood barrels, particularly in instances where charring or toasting is involved [111]. Ciders 1 and 6 contained trace levels of furfural, possibly indicating some form of interaction with oak components during post-fermentation. However, as limited information was available on the manufacturing processes of the ciders, this could not be confirmed.



Coumarin was found in 12 of the ciders analyzed and has previously been identified as a VOC from wines and spirits which have been wood aged [112]. However, there is no indication that coumarin provides any noticeable aroma or flavor properties [113,114].




3.9. Acetal


The occurrence of diethyl acetal has been linked to oxygenation potential during fermentation, which is expected to improve the cider’s aroma qualities [115]. Diethyl acetal was detected to be present in abundance in all ciders analyzed, with relative presence ranging from 4–14%. It is likely that all ciders would have undergone oxygenation processes during fermentation. Further research would be able to indicate whether the increase of diethyl acetal responds linearly to increasing degrees of oxygenation, potentially providing a means to assess current methods and improve cider quality.




3.10. Aldehydes


Aldehydes are described as constituting an herbaceous or solvent-like aroma, and are a minor component of ciders’ volatile profile. Work conducted and reported by Liu, et al. [116] indicates that the fermentation process considerably reduces the concentration of several aldehydes (including benzaldehyde) compared to their respective unfermented fruit juice.



Whilst benzaldehyde is not commonly found in ciders, its presence has been shown to be connected to the process of pasteurization [117]. Despite this, benzaldehyde was detected in cider 6, whilst the other ciders from the same manufacturer showed no presence of benzaldehyde. This can be attributed to benzaldehyde being a common compound found in passionfruit juice [118], and that cider 6 was passionfruit flavored, uniquely so amongst the ciders analyzed in this work.




3.11. Chemometric Analysis


The principal component analysis performed on the volatile dataset showed acceptable levels of variable reduction, with principal components 1 and 2 explaining 24% and 20% of the variability, respectively. Notably, the scores plot of PC-1 and PC-2 demonstrated good separation of the ciders by the manufacturer (Figure 2), indicating a characteristic overall volatile composition for ciders from the same manufacturer. If a suitably large database was compiled of the volatile composition of ciders from a large number of manufacturers, this information could potentially be used for authentication purposes, i.e., confirming whether a cider was produced by the company stated on the label.



The loadings plot for the PCA (Figure 3) demonstrated that many of the VOCs identified played a role in the separation by manufacturer. Compounds such as diacetone alcohol, 3-hexen-2-one and 3-methoxy-1-butanol were positively loaded on PC-1, while hexanoic acid, butanoic acid, and pentyl acetate were negatively loaded.



The second principal component (PC-2) showed stronger loadings of the VOCs found in higher concentrations, with both 2-phenylethanol and tyrosol negatively loading on this PC, while chavicol, eugenol, and linalool were positively loaded on PC-2. Although Manufacturer A only produces cider 1, this cider formed a group with cider 2, which is also listed as a “medium-dry” cider. The location of these ciders showed neutral PC-1 and negative PC-2 loading, correlating with higher tyrosol and 2-phenelethanol concentrations.



Manufacturer B formed a group with positive loadings on PC-1 and negative loadings on PC-2. Ciders 4 and 14 are both bottle fermented, which is a process first introduced in champagne production; sugar and yeast is added to the already fermented cider to increase alcohol content and to provide carbonation. Cider 3 is described as a “wine-like” cider, with no clear indication of being bottle fermented. However, all three ciders are associated with higher levels of diethyl succinate, as indicated by the location of this compound on the loadings plot (Figure 3). Diethyl succinate is known to decrease in concentration as a result of venting during maturation of cider spirits [25], indicating that it is possible that all three of these ciders were sealed immediately post-fermentation, or underwent bottle fermentation.



Manufacturer C showed good separation from the other manufacturers, with positive loadings on both PC-1 and PC-2, indicating that sorbic acid, dihydromyrcenol, 3-methoxy-1-butanol, diacetone alcohol, and 3-hexen-2-one are predominant in ciders made by that manufacturer. The strong grouping of the ciders 5–9 indicates that the materials and production of these five different cider flavors are quite similar. This result provides a strong indication that, given sufficient sample sizes, this method of volatile analysis combined with chemometric data analysis could be used for brand identification, allowing for the authentication of cider products.



Manufacturer D consisted of ciders 10–13, with three of these ciders forming a group negatively loaded on both PC-1 and PC-2. Compounds associated with this loading region include hexyl 2-methylbutanoate, which is strongly associated with Pink Lady apples [18]. This suggests that Manufacturer D may use Pink Lady apples at a higher concentration compared to other manufacturers. However, as the apple variety was not specified by most cider manufacturers, this hypothesis could not be investigated further. Additionally, the PCA indicated that 1-hexanol is more abundant in ciders from Manufacturer D; previously suggested methods of reducing 1-hexanol levels could be of use for improving the quality of ciders 11–13. Lastly, cider 10 is somewhat of an outlier, with a strongly negative loading on PC-1 and a positive loading on PC-2. This is likely due to the influence of compounds such as eucalyptol and zingerone, both of which were correlated with this region of the PCA (see Figure 3).



In order to further investigate the similarities and differences between the various cider samples, hierarchical cluster analysis was also performed on the VOC dataset. As previously mentioned, this method of data analysis attempts to identify “clusters” of samples with similar composition to one another.



The dendrogram created with the results of hierarchical cluster analysis broadly supported the separation by manufacturer observed in the PCA, but also provided further insight into the similarities of VOC composition between ciders of different manufacturers. In this instance, the “relative distance” on the x-axis of Figure 4 indicates the degree of difference between VOC compositions, with a shorter distance indicating greater similarity. The ciders from manufacturer C formed a separate cluster on the dendrogram (Figure 4), indicating their composition was extremely distinct from the ciders of these remaining three manufacturers. Within this cluster, it is observed that the ciders could be separated into two distinct groups. One group included the plain apple ciders (7, 8, and 9), all of which contained hexyl 2-methylbutonate (Table 3), which is associated with Pink Lady apples [18]. The ciders within the other group (5 and 6) do not contain hexyl 2-methylbutonate. However, both of these ciders contained more diverse monoterpene and volatile phenol profiles (Table 3), likely due to added ingredients, such as orange/ginger (cider 5) and passionfruit (cider 6).



The other “leg” of the dendrogram was separated into a further two major clusters—one comprising three ciders from Manufacturer B and the one cider from Manufacturer A, while the second cluster comprised ciders from Manufacturer D, and one cider from Manufacturer B.



The middle cluster on the dendrogram included ciders 1, 2, 4, and 14. The similarity of 1 and 2 was expected, as both ciders are described as “medium-dry” on the label, although they are produced by different manufacturers. Ciders 4 and 14 were both bottle fermented, and all four of the ciders in this cluster contain relatively high levels of tyrosol (Table 3), known for its contribution to wine bitterness [96]. It is worth noting that 3 also contained high levels of tyrosol; however, its low levels of 2-phenylethanol shifted its similarity towards that of the ciders in the upper cluster.



The upper cluster of the dendrogram contains two predominant groups, the first group, which included ciders 10, 11, and 12, includes ciders with added ginger, shiraz wine, and Pink Lady apples. These ciders include three of the four ciders that contained butanoic acid and contained high levels of octanoic acid (Table 3), two compounds that are both associated with unpleasant cheesy odors. Cider 13 contains similar concentrations of octanoic acid, but butanoic acid at much lower concentrations. However, cider 13 also contains diethyl malate and 2-ethylphenol at concentrations similar to cider 3 (Table 3), both of which are positioned almost neutral on PC-1 and negatively on PC-2 (Figure 3), which place them in the middle of the groups for Manufacturer B and D (Figure 2).





4. Conclusions


The aim of this study was to profile the VOC composition of 14 commercial Queensland ciders, including a proof-of-concept demonstration of a statistical method which could be utilized in discriminating ciders by their manufacturer. The clustering of ciders by manufacturer provides valuable insight into the distinct VOC profile of each manufacturer, but also the compounds which are shared between manufacturers. However, it is important to note that this study only considered ciders from one region of Australia (Queensland). Increasing the number of different manufacturer locations and the number of ciders analyzed would be required to increase the confidence of future applications. As a proof-of-concept study, our results give credence to the prospect of using the VOC composition of ciders for discriminating between ciders from different manufacturers or confirming the manufacturing process/ingredients used to make the cider. In turn, this could be useful for identifying ciders which have been adulterated, or products which are being falsely sold as ciders (e.g., cider-like alcopops). Furthermore, this work builds towards developing a library of data which can be used to connect certain ingredients or manufacturing processes to specific compounds and properties of the cider. This information can then be used to guide the targeted modification of ciders’ volatile profiles for the improvement of the final product.
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Figure 1. A representative gas chromatogram from one of the cider samples (cider 11). Compound numbers correspond to those provided in Table 3. 
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Figure 2. Scores plot showing the results of principal component analysis performed on the normalized volatile data. 
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Figure 3. Loadings plot for the principal component analysis. 
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Figure 4. Dendrogram showing the results of hierarchical cluster analysis performed on the normalized volatile data. 






Figure 4. Dendrogram showing the results of hierarchical cluster analysis performed on the normalized volatile data.



[image: Beverages 07 00028 g004]







[image: Table] 





Table 1. Details of the 14 cider samples tested in this study.






Table 1. Details of the 14 cider samples tested in this study.





	Cider
	Manufacturer
	Region of Manufacture
	Description from Label
	Manufacturing Information
	Ethanol Content (%)





	1
	A
	Stanthorpe, QLD
	Medium dry, hazy
	70/30% red/green apples. Champagne yeast used
	4.8



	2
	B
	Sunshine Coast, QLD
	Medium dry
	-
	4.8



	3
	B
	Sunshine Coast, QLD
	Bone dry, fruit with a honey note, wine-like
	-
	7.0



	4
	B
	Sunshine Coast, QLD
	Bone dry, acidic, yeasty
	Bottle fermented
	7.2



	5
	C
	Bundaberg, QLD
	Contains ginger and orange
	-
	8.0



	6
	C
	Bundaberg, QLD
	Contains passionfruit
	-
	8.0



	7
	C
	Bundaberg, QLD
	Dry
	Royal Gala, Fuji, and Granny Smith apples ^
	6.2



	8
	C
	Bundaberg, QLD
	Sweet
	Royal Gala and Red Delicious apples ^
	6.1



	9
	C
	Bundaberg, QLD
	Contains grape
	-
	8.0



	10
	D
	Tamborine Mountain, QLD
	Botanical, bright, spicy; contains ginger
	-
	5.0



	11
	D
	Tamborine Mountain, QLD
	Contains shiraz wine
	-
	5.0



	12
	D
	Tamborine Mountain, QLD
	Crisp, juicy
	Made from Pink Lady apples ^
	5.2



	13
	D
	Tamborine Mountain, QLD
	Dry, champagne-like
	Made from Granny Smith apples ^
	5.9



	14
	B
	Sunshine Coast, QLD
	Dry, sparkling
	Bottle fermented, champagne method
	8.5







^ the apple varieties used in the other ciders were not specified by the manufacturer due to trade secrecy. - indicates that the information was not available due to trade secrecy.
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Table 2. The different classes of chemical compounds found across the 14 analyzed ciders, each represented by the number of individual compounds and percentage of volatile diversity.
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	Chemical Class Based on Functional Group
	Number of Individual Compounds
	Percentage of Volatile Diversity





	Esters
	8
	20



	Alcohols
	7
	17.5



	Acids
	6
	15



	Monoterpenes
	6
	15



	Volatile phenols
	5
	12.5



	Ketones
	3
	7.5



	Furans
	2
	5



	Ethers
	1
	2.5



	Acetals
	1
	2.5



	Aldehydes
	1
	2.5



	Total
	40
	100
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Table 3. Relative percent composition of the detected VOCs across the 14 analyzed ciders. The highest value found for each compound is highlighted in bold.
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No.

	
Retention Time

	
Compound

	
Chemical Class

	
Ident. Method

	
LRI ^

	
Lit. LRI ^

	
Cider Sample




	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11

	
12

	
13

	
14






	
1

	
2.29

	
Diethyl acetal

	
Acetal

	
MS, LRI

	
756

	
734 [38]

	
12.9

	
6.0

	
14.5

	
7.5

	
6.6

	
5.9

	
4.8

	
4.1

	
5.8

	
7.6

	
12.2

	
13.8

	
9.5

	
4.7




	
2

	
2.50

	
Butanoic acid

	
Acid

	
MS, LRI

	
766

	
775 *

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
0.7

	
0.9

	
0.6

	
0.2

	
-




	
3

	
2.56

	
Propyl propionate

	
Ester

	
MS, LRI

	
769

	
785 *

	
2.9

	
5.0

	
0.4

	
-

	
1.2

	
1.1

	
1.8

	
1.3

	
2.4

	
2.1

	
5.5

	
3.6

	
2.0

	
0.4




	
4

	
2.79

	
2,3-Butanediol

	
Alcohol

	
LRI

	
779

	
770 [39]

	
0.5

	
0.6

	
1.1

	
-

	
-

	
-

	
-

	
-

	
-

	
0.4

	
0.8

	
0.6

	
0.4

	
-




	
5

	
2.88

	
3-Hexen-2-one

	
Ketone

	
MS, LRI

	
783

	
762 *

	
5.3

	
5.0

	
9.8

	
10.7

	
11.0

	
7.9

	
8.1

	
7.8

	
10.1

	
6.2

	
7.2

	
7.2

	
7.0

	
7.0




	
6

	
3.09

	
3-Methoxy-1-butanol

	
Alcohol

	
MS, LRI

	
792

	
773 *

	
0.5

	
0.6

	
1.4

	
1.4

	
1.5

	
1.2

	
1.2

	
1.1

	
1.4

	
0.7

	
1.0

	
1.0

	
1.0

	
0.9




	
7

	
3.16

	
Isopropyl 2-methylpropanoate

	
Ester

	
LRI

	
796

	
780 [40]

	
2.4

	
3.1

	
9.6

	
6.7

	
4.5

	
3.3

	
3.3

	
3.2

	
4.1

	
2.5

	
3.0

	
3.1

	
3.0

	
2.9




	
8

	
3.62

	
Furfural

	
Furan

	
MS, LRI

	
819

	
830 [39]

	
0.6

	
-

	
-

	
-

	
-

	
0.1

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
9

	
3.73

	
3-Ethoxy-1-propanol

	
Alcohol

	
MS, LRI

	
825

	
837 *

	
0.2

	
-

	
-

	
-

	
0.4

	
0.4

	
0.8

	
0.6

	
0.6

	
1.8

	
3.8

	
1.6

	
2.6

	
-




	
10

	
3.81

	
Diacetone alcohol

	
Ketone

	
MS, LRI

	
829

	
829 [41]

	
0.3

	
0.3

	
1.2

	
0.9

	
1.1

	
0.9

	
1.0

	
0.8

	
1.3

	
0.4

	
0.4

	
0.3

	
0.2

	
0.8




	
11

	
4.40

	
1-Hexanol

	
Alcohol

	
MS, LRI

	
859

	
867 [39]

	
1.7

	
1.3

	
1.7

	
0.5

	
0.8

	
1.9

	
2.0

	
1.5

	
2.2

	
0.6

	
4.9

	
7.7

	
0.9

	
1.0




	
12

	
4.55

	
Pentyl acetate

	
Ester

	
MS, LRI

	
867

	
884 *

	
0.3

	
0.2

	
0.1

	
0.1

	
0.2

	
0.4

	
0.2

	
0.2

	
0.1

	
1.4

	
2.0

	
1.9

	
1.2

	
-




	
13

	
5.27

	
4-Hydroxy-butanoic acid

	
Acid

	
MS, LRI

	
904

	
933 [42]

	
-

	
0.8

	
0.4

	
-

	
-

	
-

	
-

	
-

	
-

	
0.1

	
-

	
-

	
0.2

	
-




	
14

	
6.43

	
Benzaldehyde

	
Aldehyde

	
MS, LRI

	
959

	
950 [41]

	
-

	
-

	
-

	
-

	
-

	
1.3

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
15

	
6.67

	
Hexanoic acid

	
Acid

	
MS, LRI

	
970

	
1019 [43]

	
1.1

	
0.2

	
1.2

	
0.3

	
0.9

	
1.2

	
1.6

	
2.1

	
0.8

	
4.8

	
5.4

	
4.3

	
5.2

	
-




	
16

	
6.78

	
Methionol

	
Alcohol

	
MS, LRI

	
975

	
978 [43]

	
0.6

	
0.8

	
0.4

	
0.7

	
-

	
0.1

	
0.2

	
0.2

	
0.2

	
0.2

	
0.4

	
-

	
-

	
0.6




	
17

	
6.91

	
6-Methyl-5-hepten-2-one

	
Ketone

	
MS, LRI

	
981

	
966 [44]

	
-

	
-

	
0.2

	
-

	
0.4

	
0.2

	
0.2

	
0.2

	
0.2

	
0.9

	
0.3

	
-

	
0.2

	
0.2




	
18

	
7.21

	
Ethyl hexanoate

	
Ester

	
MS, LRI

	
996

	
997 [45]

	
0.3

	
-

	
0.3

	
0.3

	
0.6

	
0.5

	
0.7

	
2.1

	
0.2

	
0.9

	
1.1

	
0.9

	
1.0

	
-




	
19

	
7.26

	
1,4-Diethoxy-2-butene

	
Ether

	
MS

	
998

	
976 *

	
0.4

	
0.3

	
0.3

	
0.4

	
0.2

	
0.3

	
0.2

	
0.3

	
0.3

	
0.5

	
0.5

	
0.4

	
0.6

	
0.4




	
20

	
7.99

	
Eucalyptol

	
Terpenoid

	
MS, LRI

	
1032

	
1026 [41]

	
-

	
-

	
-

	
-

	
1.2

	
-

	
-

	
-

	
-

	
8.5

	
0.2

	
-

	
-

	
-




	
21

	
8.00

	
Benzyl alcohol

	
Alcohol

	
MS, LRI

	
1032

	
1032 [46]

	
-

	
-

	
-

	
-

	
-

	
7.9

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
22

	
8.78

	
Sorbic acid

	
Acid

	
MS, LRI

	
1070

	
1045 [47]

	
-

	
-

	
-

	
-

	
25.9

	
30.8

	
47.8

	
52.3

	
49.9

	
-

	
-

	
-

	
-

	
-




	
23

	
9.44

	
Linalool

	
Terpenoid

	
MS, LRI

	
1099

	
1090 [41]

	
-

	
0.4

	
0.3

	
0.7

	
2.1

	
0.9

	
0.4

	
0.4

	
0.3

	
2.1

	
0.7

	
0.4

	
0.7

	
0.2




	
24

	
9.51

	
Dihydromyrcenol

	
Terpenoid

	
LRI

	
1102

	
1080 *

	
0.2

	

	
0.3

	
0.6

	
0.5

	
0.5

	
0.3

	
0.4

	
0.6

	
0.2

	
0.2

	
0.2

	
0.3

	
0.4




	
25

	
9.71

	
2-Phenylethanol

	
Alcohol

	
MS, LRI

	
1112

	
1110 [46]

	
54.9

	
59.8

	
35.1

	
52.7

	
25.0

	
19.1

	
14.8

	
13.3

	
12.9

	
28.4

	
27.7

	
23.9

	
32.3

	
60.3




	
26

	
10.65

	
Benzoic acid

	
Acid

	
MS, LRI

	
1156

	
1171 [48]

	
-

	
-

	
-

	
-

	
-

	
1.0

	
-

	
-

	
-

	
-

	
-

	
1.9

	
-

	
-




	
27

	
10.79

	
2-Ethylphenol

	
Phenol

	
MS, LRI

	
1162

	
1169 [43]

	
0.6

	
5.3

	
6.1

	
1.1

	
-

	
-

	
-

	
-

	
-

	
-

	
1.2

	
0.9

	
6.8

	
4.9




	
28

	
10.87

	
Octanoic acid

	
Acid

	
MS, LRI

	
1166

	
1179 [45]

	
2.2

	
0.7

	
2.7

	
3.8

	
5.8

	
2.7

	
4.3

	
3.4

	
2.1

	
10.1

	
9.5

	
3.9

	
4.1

	
-




	
29

	
11.03

	
Endo-Borneol

	
Terpenoid

	
MS, LRI

	
1174

	
1157 [41]

	
-

	
-

	
-

	
-

	
0.6

	
-

	
-

	
-

	
-

	
1.4

	
-

	
-

	
-

	
-




	
30

	
11.08

	
Diethyl succinate

	
Ester

	
MS, LRI

	
1176

	
1179 [39]

	
-

	
1.2

	
3.9

	
3.7

	
1.1

	
0.7

	
0.2

	
-

	
0.2

	
-

	
0.3

	
0.1

	
1.1

	
4.9




	
31

	
11.47

	
Ethyl octanoate

	
Ester

	
MS, LRI

	
1195

	
1195 [49]

	
-

	
-

	
0.5

	
0.3

	
-

	
0.2

	
0.6

	
0.4

	
0.2

	
-

	
0.5

	
0.4

	
0.5

	
-




	
32

	
11.50

	
Alpha-terpineol

	
Terpenoid

	
MS, LRI

	
1196

	
1185 [50]

	
-

	
-

	
-

	
1.3

	
3.2

	
0.2

	
-

	
-

	
-

	
4.0

	
-

	
-

	
3.2

	
-




	
33

	
11.89

	
Coumarin

	
Furan

	
MS, LRI

	
1215

	
1224 [51]

	
0.9

	
0.2

	
0.3

	
-

	
0.6

	
0.5

	
0.5

	
0.7

	
0.4

	
0.3

	
0.3

	
0.7

	
0.5

	
-




	
34

	
12.10

	
Citronellol

	
Terpenoid

	
MS, LRI

	
1226

	
1228 [39]

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
1.1

	
0.2

	
-

	
-

	
-




	
35

	
12.60

	
Chavicol

	
Phenol

	
MS, LRI

	
1250

	
1253 [39]

	
0.2

	
1.0

	
1.0

	
0.7

	
0.6

	
4.2

	
2.2

	
2.0

	
1.1

	
1.9

	
2.6

	
1.3

	
-

	
0.5




	
36

	
12.78

	
Hexyl 2-methylbutanoate

	
Ester

	
MS, LRI

	
1259

	
1236 [52]

	
5.9

	
2.1

	
-

	
-

	
-

	
-

	
0.6

	
0.2

	
1.6

	
4.5

	
4.0

	
18.3

	
-

	
-




	
37

	
12.82

	
Diethyl maleate

	
Ester

	
MS, LRI

	
1261

	
1313 *

	
0.4

	
1.1

	
4.4

	
2.6

	
2.9

	
2.4

	
0.9

	
0.9

	
1.0

	
2.3

	
0.6

	
-

	
14.2

	
8.6




	
38

	
14.62

	
Eugenol

	
Phenol

	
MS, LRI

	
1353

	
1340 [41]

	
-

	
0.8

	
0.4

	
0.5

	
0.2

	
1.4

	
0.7

	
0.5

	
0.3

	
0.6

	
1.1

	
-

	
-

	
-




	
39

	
15.90

	
Tyrosol

	
Phenol

	
MS, LRI

	
1421

	
1356 *

	
4.6

	
3.3

	
2.3

	
2.4

	
0.6

	
0.7

	
0.5

	
-

	
-

	
1.3

	
1.5

	
0.9

	
1.1

	
1.6




	
40

	
19.73

	
Zingerone

	
Phenol

	
MS, LRI

	
1641

	
1653 [53]

	
-

	
-

	
-

	
-

	
0.5

	
-

	
-

	
-

	
-

	
1.6

	
-

	
-

	
-

	
-








^ LRI = linear retention index. Lit. LRI indicates LRI values sources from the literature. * values obtained from the NIST library. MS = mass spectrometry. A dash (-) indicates that the compound was not detected.
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