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Abstract

:

Featured Application


Electronic nose can be a simple, portable, solvent free, rapid and relatively inexpensive device to assess the authenticity of “Pasture milk” before its processing. It can be used to protect producers and consumers of milk and dairy products from potential fraud.




Abstract


The nutritional peculiarities of dairy products made with milk from pasture-fed ruminants would require a rapid control to be authenticated and limit the risk of fraud. In the current study, ninety milk samples from two groups of goats were analysed by electronic nose, quantitative descriptive sensory (QDA) and gas chromatography-mass spectrometry analysis with the aim of discriminating between milk produced on grazing and on a confinement feeding system. The raw milk samples were taken at five different times over a period of three months (April, May and June 2021) from eighteen individual Saanen goats divided into two groups, one of which was fed outdoors on a highly biodiverse pasture. Linear discriminant analysis (LDA), carried out on electronic nose data, was able to classify the two types of milk in terms of an animal feeding system (88% correct classification). Pasture milk scored higher for sensory descriptors such as “Grassy” and “Sweet aromatic” odours. Terpene compounds were the chemical class that qualitatively differentiates the pasture milk while volatile fatty acids were the most present quantitatively. Electronic nose has proven to be a rapid, reproducible and simple method for authenticating pasture raw milk in routine control analyses.
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1. Introduction


Consumers are increasingly interested to the choice of dairy products produced from milk of ruminants fed on pastures in respect for animal welfare and environmental sustainability, accepting a higher price for these products [1,2]. This can be attributed to consumers’ perception of a more genuine, natural and healthy product. Effectively, several studies have reported that milk and dairy products from pasture-fed ruminants show higher amounts of unsaturated fatty acids, including some essential and healthy compounds such as omega-3 and trans-11 isomers (i.e., vaccenic acid and rumenic acid), which are beneficial to consumer health [3,4,5,6]. Well-managed grazing improves animal welfare and environmental sustainability of the dairy sector [7,8,9,10]. This extensive feeding system is an efficient method that has low competition for the direct production of human food crops [11,12] and allows to take advantage of ruminant metabolism.



The recognition of these benefits, which justifies a higher price, is guaranteed on the market by labels that certify the identity of dairy products. In Italy, the “Metodo Nobile®” proposes specific rules for the breeding of lactating ruminants, such as the prohibition of the use of silage and genetically modified feedstuffs in the livestock feeding system, the use of a high forage:concentrate ratio of at least 70:30 and, depending on the source of forage, it provides two different milk labels. In the “Pasture” milk, the animals must be fed for at least 150 days a year on a high biodiversity pasture. Instead, the “Stall” label contemplates the use of hay in an indoor animal diet [13,14]. Consumers involved in the consumption of premium products have expressed that they can pay a higher price for the purchase of Noble milk from grazing ruminants [15]. However, the reputation as a premium product makes pasture-based dairy products vulnerable to fraud. This implies that the pasture-fed origin must be objectively and rapidly proven to protect consumers against potential frauds.



Since the volatile compounds of milk are qualitatively and quantitatively influenced by the animal feeding regime [3,16], their determination in raw milk could be a decisive analysis to be applied in the discrimination of milk produced by grazing animals compared to that produced by animals fed with conventional indoor diets. While volatile compounds analysis is time-consuming, costly and require skilled personnel, E-nose can be a useful portable device for a quick assessment of milk quality, rapidly evaluating complex and volatile gas mixtures in the sample headspace [17].



Schematically, E-nose is composed of an array of gas sensors with different selectivity, a signal-collecting unit and pattern recognition software. The use of the E-nose has involved different foods (fruits, alcoholic beverages, cooked and raw meat) and has been applied for different objectives [18,19,20,21]. The applications of E-nose in the dairy sector (milk, yogurt and cheese) have recently been reviewed [22]. In fresh milk, E-nose has been used for several purposes such as monitoring microbial growth [23,24], milk discrimination based on the farming system [17], identification of traces of detergent in milk [25,26] and discrimination of milk from cows fed on two different Alpine pastures [27].



As far as we know, no information is available on the use of electronic nose as a useful device for authenticating raw milk from pasture-fed goats. Thus, in this study, we used an electronic nose consisting of ten metal oxide semiconductor (MOS) sensors to differentiate raw milk samples from grazing or confinement-fed goats and authenticate pasture milk. Quantitative descriptive sensory analysis (QDA) and SPME-GC/MS analysis were carried out to evaluate the differences between the samples in terms of human olfactory perception and volatile compounds.




2. Materials and Methods


2.1. Milk Sampling


The study was conducted in the farm “I Moresani” located in Casal Velino (SA) in the period April–June 2021. Eighteen pluriparous Saanen goats, homogeneous for age, body weight, parity and milk yield at the previous lactation were divided in two groups. Table 1 shows the botanical composition of the pasture and the source of forage for the goats fed in the stable for the five time periods considered in the experiment.



Stall milk group (S) consisted of nine goats reared in the stable and fed with hay ad libitum, fresh alexandrine clover and concentrate mixture (400 g/head/day) composed of corn meal, barley, faba bean and pea bean. Pasture milk group (P) consisted of nine goats fed outdoors on permanent pasture, which received the concentrate mixture in the same amount as the S group. Raw milk samples were taken at five different times, with a fortnightly interval, over three months (27 April, 11 May, 25 May, 8 June, 22 June) from individual goats (Table 1). During the time period investigated, the crude protein (%DM) value of pasture vegetation ranged from a minimum of 10.77% (11 May) to a maximum of 19.19% (22 June) while the crude fibre (%DM) value ranged from 30.92 (8 June) to 35.85 (22 June). Regarding the S group, while the hay had constant chemical composition values, the fresh clover had a minimum of crude protein and crude fibre of 18.21% (June) and 25.98 (April), respectively, and a maximum of crude protein and crude fibre of 20.10% (April) and 30.62 (May), respectively. In the five milking periods, the goats produced an average of 1570 mL and 1692 mL of milk for groups S and P, respectively. The milk samples were stored at −20 °C before analysis.




2.2. Electronic Nose Analysis


Individual milk samples, provided by each goat, from the five different milking periods (for a total of forty-five P and forty-five S samples) were used for electronic nose measurements. An aliquot of 2 mL of each milk sample, previously defrosted for 24 h at 4 °C, were transferred into 20 mL glass vial with a Teflon/silicon septum in the screw cap in order to analyse the odour fraction by means of an electronic nose. A portable electronic nose PEN2 (WMA Airsense Analytics GmbH, Schwerin, Germany), operating with 10 Metal Oxide Semiconductor sensors (MOS), was used.



Before the electronic nose acquisition, the vials were incubated in a thermostat-controlled bath at 25 °C for 30 min to allow the equilibrium of volatile compounds in the sample headspace [28]. The headspace odour sampling system consisted of an air injection needle and a sample aspiration needle which extracted and transferred the volatile fraction to the electronic nose sensors at constant velocity (400 mL/min). Data was recorded every second by a computer and the experiment lasted 60 s. Recovery time for the flushing of sensors with reference air was 240 s. The electronic nose was used at 25 °C ± 1 during all experiments. The mean G/G0 values of each sensor response were calculated from measurements in the 55–59 s range (sensors stability) using Winmuster v.1.6 software (Airsense Analytics GmbH, Schwerin, Germany).




2.3. Sensory Analysis


The odour descriptors for the sensory evaluation of raw goat’s milk samples (P and S milk) were developed by eight trained panellists and quantified by Quantitative Descriptive Analysis (QDA) methodology. These descriptors are usually found in raw milk [29,30]. The definition of odour descriptors and the reference standards used for panel training are listed in Table 2.



The intensity of each attribute was quantified with a continuous scale, anchored to extremes, from 0 (no perception) to 10 (very intense perception). For each period, the nine samples of pasture milk and nine samples of stall milk were mixed and presented to the assessors as bulk pasture milk and bulk stall milk. A total of five different sessions were conducted, relating to the evaluation of the bulk milk samples of the five milking periods, and panellists were divided into two groups in order to randomise the samples. A total of 40 mL of the sample was poured into 80 mL PLA cups (with blind three-digit codes), capped with the appropriate lid, and presented at 25 °C.




2.4. Analysis of Volatile Organic Compounds


The extraction of volatile organic compounds (VOCs) was carried out, as described by Genovese et al. [31]. A total of 22.5 g of milk, 20 µL of 2-methyl-3-heptanone (99% purity, Sigma-Aldrich, St. Louis, MO, USA) as internal standard (389 mg/L, in water solution) and 2.75 g of sodium phosphate monobasic (NaH2PO4) (Sigma-Aldrich) were added into a 50 mL dark glass bottle. The sample was magnetically stirred for 5 min at 55 °C. SPME fibre was inserted through the Teflon septum in the bottle and exposed to sample headspace for 60 min at 55 °C while stirring. The SPME device (Supelco Co., Bellefonte, PA, USA) was equipped with a 50/30 μm thick divinyl-benzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) fibre coated with 2 cm length stationary phase. Then, the VOCs were desorbed directly in the injector port of GC kept at a temperature of 250 °C in split mode with a 4:1 split ratio, for 10 min. Volatile compounds analyses were performed on an Agilent 7890A GC System gas chromatograph coupled to an Agilent 5975C VL MSD with Triple-Axis-Detector mass spectrometer (Agilent Technologies, Inc., Palo Alto, CA, USA). GC was equipped with a Zebron ZB-WAX capillary column (60 m × 0.25 mm i.d. × 0.25 μm film thickness 100% polyethylene glycol; Phenomenex, Torrance, CA, USA). The carrier gas was helium with a flow of 1 mL/min. The temperature program was 40 °C for 10 min, then raised at 5 °C/min to 240 °C and held for 11 min [32]. Mass spectra were recorded at 70 eV. The source temperature was 230 °C, the quadrupole temperature was 150 °C and the interface temperature was 250 °C.



The identification of VOCs was performed by comparing retention times and mass spectra obtained by analysing pure reference compounds in the same conditions. The identification was confirmed by comparing mass spectra with those of the National Institute of Standards and Technology (NIST) database. All chemical standards were supplied by Sigma-Aldrich (St. Louis, MO, USA). The fibre was conditioned at 270 °C for 1 h before the analysis. A blank test was performed before each analysis. The quantitative data of milk volatile compounds was carried out by normalising the peak areas of each compound with respect to the area of the internal standard peak. Peak area data were processed by MSD ChemStation 5975 TAD Data Analysis software (Agilent Technologies, Palo Alto, CA, USA). The analysis of volatile compounds was performed in triplicate on the bulk milk samples for each of the five milking periods.




2.5. Statistical Analysis


The resulting 10-dimensional patterns (data vectors) were processed by linear discriminant analysis (LDA). Tukey test was performed on each sensory attribute and volatile compound in order to discriminate the two types of milk samples based on the animal diet (pasture vs. stall feeding system). Differences of p ≤ 0.05 were considered as statistically significant. VOCs with significant differences between P and S milk were used for cluster heatmap analysis, implementing ascendant hierarchical clustering based on Euclidian distances preceded by the k-means algorithm to permute the data matrix, and for partial least squares regression analysis (PLSR). Partial least squares regression (PLSR) analysis was performed to investigate the correlativity between sensory and instrumental data (VOCs and E-nose data) for the differentiation of milk samples. Cluster heatmap analysis, PLSR and Tukey test were carried out using XLStat (Version 2019 v.2.2), an add-in software package for Microsoft Excel (Addinsoft Corp., Paris, France).





3. Results and Discussion


3.1. Electronic Nose Analysis


Figure 1 shows the LDA plot obtained from the data vectors extrapolated from E-nose measurements in the time interval 55–59 s, when the MOS sensors were stable [28].



Electronic nose provided good discrimination of the two milk labels. P milk exhibited greater variability than S milk. Table 3 shows the confusion matrix with classification of milk samples obtained by LDA analysis.



The correct classification of milk samples according to diet and milking period was 80%. On the contrary, considering only the animal diet (pasture vs. stall diet), the correct classification of the samples increased to 88%. By E-nose equipped with 10 MOS sensors, Falchero et al. [27] discriminated the cow’s milk of the summer period according to the type of grazing vegetation. The two groups of cows were fed on two different Alpine vegetation (Trifolium alpinum and Festuca nigrescens as dominant species of the two groups) and received only a supplement of minerals with no integration feeding. The authors reported over 90% correct classification through statistical analysis of the E-nose data, similar to our findings when the milking period effect was not taken into account.



From the ninety E-nose acquisitions, P milk was incorrectly classified as S milk for a total of seven times, while S only three times. Generally, S milk samples obtained a better classification during the investigated periods attributable to a more standard and less variable diet compared to P milk from grazing goats. The more variable responses obtained for P milk could be linked to volatile organic compounds, the presence of which may vary drastically both qualitatively and quantitatively as the grazing period varies and in relation to the type of fresh forage [3]. In fact, Fedele et al. [33] reported both sensory (odour) and chemical differences (VOCs) in goat’s milk according to grazing season (March to July). For example, milk of the summer season was characterised by terpene compounds while the ketones increased from winter to spring. These differences could be those that determine a different response of the E-nose sensors. The lactation stage also influences the variation of the composition of milk and, hence, the response of E-nose sensors. Bergamaschi et al. [34] reported that the lactation stage (days in milk) is one of the most important individual factors contributing to the variation in the flavour profile of milk.




3.2. Sensory Analysis of Milk


A sensory analysis on raw bulk milk of each milking period was carried out to verify the olfactory properties that characterised the two types of milk and which allowed their discrimination. The results of the sensory evaluation of milk samples are shown in Figure 2.



The “grassy” and “sweet aromatic” descriptors showed a higher level in P milk in almost all periods (from 1 to 5). The first descriptor obtained the highest intensity score in P4 while the second in P3. The other descriptors were more variable between the periods. Considering a bulk milk, the P sample showed a significant sensory difference for “grassy” and “sweet aromatic” odour descriptors with an increase of 1.4 and 1, respectively. Previously it was reported that milk from pasture-fed goats had a higher intensity of herbaceous odour [35], compared to milk from goats fed in confinement with hay and concentrate. Villeneuve et al. [36] also reported a higher intensity value of “grass” and “plant” attributes for milk of cows fed with fresh forage than those fed with hay- or silage-based feeding system. On average, the “Feed/malty/silage” descriptor was perceived to be more intense in milk S (+0.6), although the difference was not statistically significant because its level increased only in S2 and S3. Although the chemical composition, and hence the odorous compounds of the milk, undergo changes during lactation [34], one cause of the different perceived intensity of the odour descriptors in the S milk samples of the different periods could be attributed to the diet of stall-fed goats which, in addition to the hay (which had a constant chemical composition during the investigated period), provided for the use of fresh clover that had a variable composition during the three months of the study. Generally, sensory differences related to the odour of preserved feed in milk appear to be greater when comparing a grazing diet versus a diet based on silages [37,38]. Some volatile compounds may impart a malty odour in milk that resembles that of preserved fodder [39].



Manzocchi et al. [40] reported a higher intensity for the “cream” odour attribute in milk from pasture cows compared to those fed with hay. In their study, the “cream” attribute was more related to the pasteurisation of milk than the animal diet. In fact, in our study, the difference for the “Cream” attribute was not statistically significant as the effect of the animal diet on raw milk samples was evaluated. The less variable olfactory descriptor between the two types of milk was “goaty”. Previously, no particular differences in goat’s milk based on the animal diet were reported for “goaty” descriptor [35]. In fact, this descriptor is more species specific, making it distinctive from the milk of other ruminants [41].




3.3. Analysis of Volatile Compounds


The SPME-GC/MS analysis was conducted to understand the volatile compounds that most contributed to discriminate the odour of the two types of milk. Table 4 shows the VOCs identified in the milk samples P and S, as well as their odour descriptors based on the available literature [42,43,44,45,46,47,48].



A total of 4 hydrocarbons, 6 terpenes, 12 aldehydes, 5 ketones, 5 alcohols and 9 acids have been identified in milk samples. For the volatile compounds, which had a significant difference between P and S milk samples (p ≤ 0.05), the relative abundance was also reported (Table 4). Hydrocarbons, terpenes, and acids are the chemical classes that most differentiate the two types of milk samples, where terpene compounds qualitatively characterised the P milk samples. Heptanal and nonanal, which can result from lipid oxidation, had a higher intensity in P milk. The greater amount of unsaturated fatty acids, more susceptible to oxidation, increases the amount of aldehydes in pasture milk [36,49]. We found no significant differences in the concentration of alcohols for the two types of milk.



The VOCs most abundant in P milk are, generally, responsible for green, sweet, fragrant and fruity notes [42,45,46,47,48]. On the contrary, [Z]-2-heptenal, maltol and 2,3 pentanedione, reported in higher amount in S milk samples, have biscuit, milky, caramel and buttery odours. According to Sacchi et al. [50], 2,3 pentanedione, with a cheesy odour, was found to be lower in the milk of ruminants fed fresh fodder. Clarke et al. [43] have recently reported higher amounts of maltol in raw milk from indoor-fed animals than in pasture-fed animals. According to the authors, since maltol derives from the Maillard reaction, its presence in raw milk leads to the hypothesis of its microbial origin. However, further investigation would be needed.



A cluster analysis was performed on the significant volatile compounds in order to classify and discriminate the two types of milk based on milking period and diet. The results were plotted into a heatmap (Figure 3).



The cluster lines on the left side of Figure 3 represent volatile compounds clusters. Volatile compounds were grouped into three main clusters. The first two, starting from the top of the map, were represented by the terpene compounds and the acids, most abundant in P milk. The other cluster was represented by the molecules most present in S milk.



The cluster lines on the top of Figure 3 represent the milking period and type of diet. Pasture milk of the last period, P5, was grouped with S milk samples, due to a lower quantity of some terpene compounds and acids that helped discriminate pasture milk from previous periods. The exclusive presence of terpene compounds in the milk of pasture-fed goats suggests how the terpene profile of the milk of grazing ruminants can help in the authentication of milk. The content of terpenes in milk is higher when animals are fed in highly biodiverse pastures rich in dicotyledons than monotonous forage [51]. Sant’Ana et al. [35] identified α-terpineol and β-caryophyllene only in the milk of goats fed on Caatinga native high-biodiverse pasture with concentrate supplementation compared to stall-fed goats with elephant grass, hay and concentrate. The authors also reported higher amounts of acids in the milk of grazing goats. The higher quantity of acids in the pasture milk samples could be due to a higher quantity of aldehydes found in P, since the acids can also derive from the oxidation of aldehydes [52]. However, the results reported in literature on the quantity of acids in milk from animals fed with the addition of fresh fodder show a contrasting trend [36,50]. In these studies, the fresh fodder (monoculture) was fed in the stable and the animals did not graze. The amount of free fatty acids in milk does not appear to be related to the concentration of total fat in milk [36] but to a post milking lipolytic activity. Higher post-milking lipolysis activity has been reported in the milk of grazing animals compared to those fed a hay-based diet in the stable [53], which could explain the higher amounts of free fatty acids in pasture milk. These findings have led us to hypothesize a greater lipolytic activity in the milk of grazing goats.



The distinctive presence of terpene compounds in milk can be due to a directly oral or respiratory transfer from forage plants when are eaten by ruminants [46,54]. They can be also related to the botanical composition and the geographical origin of pasture. During the summer season the terpene content varied qualitatively and quantitatively in different pastures [55]. Fedele et al. [56] reported that in the summer season, goat’s milk reached a higher amount of sesquiterpenes than in the other seasons. Recently, Cifuni et al. [57] have reported that the profile of terpenes in milk varied with pasture quality and may help authenticate milk based on the animal diet. Furthermore, the high biodiversity and phenology of the pasture helped in the discrimination of milk [58]. Sesquiterpenes have only been identified in grazing goat [35] and sheep [46] milk.




3.4. Relationship between Sensory and Instrumental Data


PLSR analysis was applied to summarise the results and investigate the correlation between the odour sensory descriptors and instrumental data (volatile compounds and E-nose analysis) in the differentiation of P and S milk samples (Figure 4).



The instrumental data were selected as the X variables and the sensory response values as Y variables. The results show a good separation of the two milk (P and S) samples. Feeding the goats on pasture has given milk different odours, such as sweet aromatic, grassy, butterscotch and cream. These olfactory descriptors are well correlated to the presence of terpenes, some acids, δ-dodecalactone, 2-nonanone, methyl octanoate and heptanal and mostly agree with the odour descriptors reported in the literature for these molecules (Table 4).



S milk was positively correlated to volatile compounds such as maltol, [Z]-2-heptenal, 2,3-pentanedione and hexane, with pungent, buttery, fresh milk and caramel odours (Table 4), well correlated to the “Feed/malty/silage” odour descriptor.



The E-nose sensors that allowed discriminating P milk samples were W5S, W2W and W1W. These MOS sensors had stronger responses to the terpene compounds and are in line with the results reported by Yin et al. [59], who obtained a positive correlation of some terpenes, such as α-pinene, β-pinene and limonene, with W5S, W2W and W1W sensors, as well as the W1S and W2S sensors, which also in our study were positively correlated to P milk samples (Figure 4). Still in agreement with Yin et al. [59], the W1S and W2S sensors also had higher responses for the chemical class of free fatty acids, which are more present in P milk samples (Figure 4).



The responses of W1C, W3C and W5C sensors were relatively higher in S milk samples (Figure 4). It was indicated that W1C, W3C and W5C sensors were sensitive to hydrocarbons, aromatic compounds [60] and some ketones [59], and the S milk samples had higher amounts of volatile compounds such as hexane and 2,3-pentanedione.





4. Conclusions


In our study, E-nose has proved to be a reproducible method for routine quality control analyses by correctly authenticating milk from pasture-fed goats. Using linear discriminant analysis to process E-nose data, Pasture milk has been discriminated from Stall milk with a correct discrimination rate of 88%. Pasture milk achieved a significantly higher intensity for “grassy” and “sweet aromatic” odour descriptors and the E-nose sensors that have best discriminated these milk samples were W5S, W2W and W1W. Terpene compounds have qualitatively characterised the milk from pasture-fed goats and could be chemical markers of pasture milk. The evidence from this study implies that E-nose can be a useful and simple device for the rapid control of the genuineness of raw milk in order to protect producers and consumers of dairy products from potential fraud, especially if the production of milk must comply with a production specification. Further investigation would be recommended to better understand the link between terpene compounds and type of grazed forage crops as well as their contribution to the different response intensities of the E-nose sensors.
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Figure 1. LDA plot of the resulting 10-dimensional patterns (data vectors) obtained from electronic nose analysis of 45 Pasture (green) and 45 Stall (red) individual milk samples. Data processed with Winmuster v.1.6 software (Airsense Analytics GmbH, Schwerin, Germany). 
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Figure 2. QDA results of bulk milk from pasture-fed goats (P) and stall-fed goats (S) of each period. The numbers 1 to 5 indicate the milking period (see Table 1 for further details). The asterisk (*) indicates a statistical difference (p ≤ 0.05) between P and S milk samples. 
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Figure 3. Heat map of the diversity of volatile compounds in Pasture (P) and Stall (S) milk samples of the five milking periods. Volatile compounds were plotted on the Y axis, while the X axis had the milk samples from each period. Results are displayed as negative (−1) to positive (+1) correlation of the volatile compounds in the permuted matrix for the respective milk samples. 
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Figure 4. PLS-loading plot (t1 vs. t2) for volatile organic compounds (black circle), E-nose sensors (grey circle) and olfactory sensory descriptors (blue circle) of Pasture goat’s milk (P; green square) and Stall goat’s milk (S; red triangle). Numbers 1 to 5 indicate the milking period (April 2021 to June 2021). 
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Table 1. Milk samples measured by electronic nose, evaluated by sensory panel and analysed by GC/MS.
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	Code
	Type of Milk
	Milking Date
	Type of Forages





	P1
	Pasture milk
	27 April 2021
	Ampelodesmos mauritanicus, Anthoxanthum ovatumLag., Borago officinalisL., Beta vulgarisL., Trifolium repens L., Cistus monspeliensisL., Medicago lupulinaL., Quercus pubescens Willd, Quercus ilex L., Myrtus communis L., Ranunculus macrophyllus.



	P2
	Pasture milk
	11 May 2021
	Crataegus monogyna, Tanacetum parthenium, Malva sylvestris, Carpinus betulus, Rubus ulmifolius, Rubia peregrina, Dorycnium pentaphyllum, Clematis vitalba, Quercus ilex L., Mycelis muralis.



	P3
	Pasture milk
	25 May 2021
	Crataegus monogyna, Rosa canina, Cirsium arvense, Carpinus betulus, Rubus ulmifolius, Mentha suaveolens, Quercus cerris, Quercus ilex L., Clematis vitalba, Prunus spinosa.



	P4
	Pasture milk
	8 June 2021
	Crataegus monogyna, Rosa canina, Urtica dioica, Polygonum aviculare, Rubus ulmifolius, Mentha suaveolens, Euonymus europeans, Clematis vitalba, Sambucus nigra, Chondrilla juncea.



	P5
	Pasture milk
	22 June 2021
	Crataegus monogyna, Medicago sativa, Fraxinus ornus, Carpinus betulus, Rubus ulmifolius, Acer campestre, Quercus cerris, Quercus ilex L., Clematis vitalba, Pyrus pyraster.



	S1
	Stall milk
	27 April 2021
	Hay ad libitum and fresh alexandrine clover



	S2
	Stall milk
	11 May 2021
	Hay ad libitum and fresh alexandrine clover



	S3
	Stall milk
	25 May 2021
	Hay ad libitum and fresh alexandrine clover



	S4
	Stall milk
	8 June 2021
	Hay ad libitum and fresh alexandrine clover



	S5
	Stall milk
	22 June 2021
	Hay ad libitum and fresh alexandrine clover







The botanical pasture species in bold are exclusive to the individual period.
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Table 2. Definitions and reference standards of odour attributes used in the sensory analysis of raw goat milk samples.
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	Attribute
	Definition
	Reference





	Sweet aromatic
	Odour associated with materials having a sweet taste
	Vanillin



	Cream
	Aromatics characteristic of milk fat and lactones
	Heavy cream



	Butterscotch
	Butterscotch candies odour
	Butterscotch candies



	Goaty
	Aromatics associated with goat fresh cheese
	Goat fresh cheese



	Feed/malty/silage
	Aromatics associated with silage, hay and cattle feed
	Malt extract



	Grassy
	Aromatics associated with cut green grass
	Fresh-cut grass
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Table 3. Confusion matrix of the Pasture and Stall goat’s milk samples.
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From

	
P1

	
P2

	
P3

	
P4

	
P5

	
S1

	
S2

	
S3

	
S4

	
S5

	
Total

	
Correct

Response (%)

	
Correct Response

P vs. S (%)




	
To

	






	
P1

	
9

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
9

	
100%

	
100%




	
P2

	
0

	
7

	
1

	
0

	
0

	
0

	
1

	
0

	
0

	
0

	
9

	
78%

	
89%




	
P3

	
0

	
0

	
7

	
0

	
0

	
0

	
2

	
0

	
0

	
0

	
9

	
78%

	
78%




	
P4

	
0

	
0

	
0

	
6

	
0

	
0

	
0

	
0

	
2

	
1

	
9

	
67%

	
67%




	
P5

	
0

	
0

	
0

	
0

	
7

	
0

	
0

	
0

	
0

	
2

	
9

	
78%

	
78%




	
S1

	
0

	
0

	
0

	
0

	
0

	
9

	
0

	
0

	
0

	
0

	
9

	
100%

	
100%




	
S2

	
0

	
0

	
0

	
0

	
0

	
0

	
5

	
4

	
0

	
0

	
9

	
56%

	
100%




	
S3

	
0

	
0

	
0

	
0

	
0

	
0

	
1

	
8

	
0

	
0

	
9

	
89%

	
100%




	
S4

	
0

	
0

	
0

	
1

	
0

	
0

	
0

	
0

	
8

	
0

	
9

	
89%

	
89%




	
S5

	
0

	
0

	
0

	
0

	
2

	
0

	
0

	
0

	
1

	
6

	
9

	
67%

	
78%




	
Total

	
9

	
7

	
8

	
7

	
9

	
9

	
9

	
12

	
11

	
9

	
90

	
80%

	
88%








P: Pasture milk (green); S: Stall milk (red). Numbers from 1 to 5 indicate the milking period (April 2021 to June 2021; see Table 1 for further details). The last two columns of the table represent, respectively, the % of correct responses recorded for the samples of each milking period and for the overall samples (P vs. S, considering only the animal diet).
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Table 4. Quantitative data of volatile organic compounds identified in bulk milk samples obtained from goats fed on a pasture (P) or stall (S)-based diet.
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	Volatile Compound
	Pasture Milk
	Stall Milk
	p-Value
	Odour Descriptor





	Hydrocarbons
	
	
	
	



	hexane
	−
	+
	0.0041
	pungent, solvent



	toluene
	
	
	0.3116
	earthy, nutty, bitter, plastic c,d



	p-xylene
	
	
	0.3717
	



	styrene
	
	
	0.2588
	rubber, plastic c



	Terpenes
	
	
	
	



	α-pinene
	+
	nf
	<0.0001
	green, woody, piney e



	β-pinene
	+
	nf
	<0.0001
	green, woody, piney, fragrant e



	α-limonene
	+
	nf
	<0.0001
	fresh, lemon, orange e



	eucalyptol
	+
	nf
	<0.0001
	



	β-caryophyllene
	+
	nf
	<0.0001
	berry-fruit, orange, green e



	α-caryophyllene
	+
	nf
	<0.0001
	spicy, woody, green



	Aldehydes
	
	
	
	



	pentanal
	
	
	0.9174
	grassy, fruity, green c,g



	hexanal
	
	
	0.0839
	fresh, herbaceous d, cooked e



	heptanal
	+
	−
	0.0257
	herbaceous, fruity (citrus) c, soapy g



	[E]-2-hexenal
	
	
	0.1557
	fruity, herbaceous, flowery c,e, sour, cream e



	octanal
	
	
	0.3377
	fatty, soapy a,g, green, fruity (grape) c,g



	[Z]-2-heptenal
	−
	+
	0.0371
	biscuit, fresh milk e



	nonanal
	+
	−
	0.0286
	green, grassy fruity (citrus) c,g, fresh d, stale f



	[E]-2-octenal
	
	
	0.4902
	green, fatty a



	decanal
	
	
	0.1822
	green, grassy, floral d,g



	[E,E]-2,4-heptadienal
	
	
	0.2005
	green, fatty



	[E]-2-nonenal
	
	
	0.7669
	fatty, green a, cardboard-like c, hay f



	[E,E]-2,4-decadienal
	
	
	0.8193
	fatty, green a, fried f



	Ketones
	
	
	
	



	acetone
	+
	−
	0.0052
	solvent, sweet, woody



	2-butanone
	
	
	0.9125
	butterscotch, chocolate c



	2-pentanone
	
	
	0.7500
	sweet, fruity



	2,3-pentanedione
	−
	+
	0.0054
	buttery



	2-nonanone
	+
	−
	0.0122
	hot milk, fruity



	Alcohols
	
	
	
	



	1-pentanol
	
	
	0.5730
	sweet, fruity, plastic d



	1-hexanol
	
	
	0.1732
	green g



	1-octen-3-ol
	
	
	0.0759
	mushroom c,g



	1-heptanol
	
	
	0.5450
	green, pungent



	1-octanol
	
	
	0.9894
	stale, mushroom d



	Acids
	
	
	
	



	butanoic acid
	+
	−
	0.0043
	sweet, sweaty, cheesy a,e



	hexanoic acid
	+
	−
	0.0106
	pungent, sweaty a, goaty, cheesy b



	heptanoic acid
	
	
	0.0729
	rancid, sour, cheesy, sweaty b



	octanoic acid
	+
	−
	0.0119
	medicinal, fatty, musty a, camphor, nutmeg b



	nonanoic acid
	
	
	0.0706
	goaty, fatty a, grassy b



	decanoic acid
	+
	−
	0.0040
	grassy, fatty, goaty a, sour b



	undecanoic acid
	
	
	0.2256
	



	dodecanoic acid
	+
	−
	0.0021
	soapy, goaty a



	tetradecanoic acid
	+
	−
	0.0026
	sweet, animal



	Others
	
	
	
	



	methyl octanoate
	+
	−
	0.0010
	green, fruity, citrus



	dimethyl sulphone
	
	
	0.6905
	sulphurous, burnt b,g



	maltol
	−
	+
	<0.0001
	caramel, cotton-candy d,f



	δ-octalactone
	
	
	0.1389
	coconut a, fruity (peach), sweet e



	δ-dodecalactone
	+
	−
	0.0454
	coconut g, floral, sweet e,f, flowery, daisy-like a







A higher (+) or lower (−) quantity of compound has been reported for VOCs that exhibited statistically significant differences (p ≤ 0.05). nf = not found. a = Siefarth and Buettner [45]; b = Tian et al. [47]; c = Cornu et al. [44]; d = Clarke et al. [43]; e = Bendall [42]; f = Karagül-Yüceer et al. [48]; g = Moio et al. [46].
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1. main axis (Variance 13.07%)
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