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Supplementary 1. Map of Italy with regional distribution of varieties and samples.


	Supplementary 2. Retention indices, quantification ions, limit of detection (LOD), limit of quantification (LOQ), and repeatability of the analysed compounds.

	 
	EM1
	LRI2
	Identification3
	Quantitation ion m/z
	Qualifier ions m/z
	LOD
(µg/L)
 
	LOQ (µg/L)
	RSD%4
 

	Carbon disulfide
	a
	760
	RS
	76
	78
	0.01
	0.03
	7.5

	Methanthiol
	a
	645
	RS
	47
	48
	0.09
	0.27
	8.80

	DMS
	a
	770
	RS
	62
	61, 47
	0.02
	0.06
	9.8

	Diethyl sulfide DES
	a
	910
	RS
	90
	75
	0.03
	0.09
	10.2

	Dimethyl disulfide DMDS
	a
	1180
	RS
	94
	79
	0.06
	0.18
	8.8

	Diethyl disulfide DEDS
	a
	1214
	RS
	122
	66, 94
	0.03
	0.09
	4.5

	Dimethyl trisulfide DMTS
	a
	1375
	RS
	126
	79, 111
	0.02
	0.06
	4-3

	Nerolidol 2
	b
	2005
	RS
	63
	93, 136, 161
	0.02
	0.07
	1.9

	Geraniol
	b
	1860
	RS
	93
	123, 121, 105
	0.06
	0.2
	1.7

	α-Phellandrene
	b
	1180
	RS
	93
	136, 91
	0.11
	0.34
	4.1

	α-Terpinen
	b
	1188
	RS
	121
	93, 126
	0.03
	0.1
	3.1

	4-Carene
	b
	1145
	RS
	93
	121, 136
	0.03
	0.1
	3.5

	β-Myrcene
	b
	1161
	RS
	93
	69, 79
	0.41
	1.06
	3.3

	Limonene
	b
	1198
	RS
	136
	139, 125, 111
	0.03
	0.1
	0.9

	1,4-Cineole
	b
	1186
	RS
	154
	139, 111, 108
	0.003
	0.011
	2.2

	1,8-Cineole
	b
	1217
	RS
	154
	139, 111, 108
	0.003
	0.01
	2.1

	p-Cymene
	b
	1271
	RS
	119
	134, 91
	0.04
	0.1
	1.1

	Terpinolene
	b
	1283
	RS
	121
	136, 93
	0.04
	0.1
	1.2

	cis-Linalooloxide
	b
	1437
	RS
	59
	111, 94
	0.02
	0.07
	1.8

	Linalool
	b
	1547
	RS
	71
	121, 93
	0.08
	0.25
	3.3

	Terpinen-4-ol
	b
	1614
	RS
	71
	111, 93, 86
	0.02
	0.05
	3.4

	α-Terpineol
	b
	1701
	RS
	136
	121, 93, 59
	0.23
	0.7
	3.6

	β-Citronellol
	b
	1771
	RS
	69
	82, 81, 67
	0.07
	0.21
	2.0

	Methyl salicylate
	b
	1771
	RS
	121
	92, 152
	0.01
	0.03
	0.7

	Nerol
	b
	1850
	RS
	93
	69, 121, 84
	0.01
	0.03
	1.1

	trans Rose oxide
	b
	1370
	RS
	139
	154
	0.02
	0.06
	2.1

	cis Rose Oxide
	b
	1355
	RS
	139
	154
	0.02
	0.06
	4.3

	β-Damascenone
	b
	1825
	RS
	69
	190, 121, 105
	0.01
	0.03
	1.2

	Vitispirane*
	b
	1523
	RS
	192
	177, 93
	0.02
	0.06
	2.1

	Vitispirane*
	b
	1523
	RS
	192
	177, 93
	0.02
	0.06
	2.1

	TPB
	b
	1828
	RS
	172
	157, 142
	0.01
	0.04-
	1.3

	TDN
	b
	1745
	RS
	157
	172, 142
	0.01
	0.04
	1.1

	α-Ionone
	b
	1853
	RS
	121
	136, 192
	0.02
	0.06
	0.8

	β-Ionone
	b
	1950
	RS
	177
	91, 35
	0.02
	0.06
	2.3

	1 Extraction method: a  (SPME volatile sulfur compounds;  b SPME ( minor varietal compounds 2 Linear Retention Index (LRI) determined on DB-WAX polar column, as described by van Den Dool and Kratz (1963); 3 Identification: RS identified using reference standard 4 Repeatability expressed as percentage relative standard deviation (RSD%) was calculated on five replicates dividing the mean by the standard deviation and multiplying the result by 100. *: Reference standard not available, LOD and LOQ could not be determined.






	Supplementary 3. Significantly different groups according to Kruskal-Wallis multiple pairwise comparison (Dunn, α=0.05) in Control wines. Lowercase letters denote significantly different groups, with first letters in alfabetical order indicating higher contents

	Category
	ALB
	ARN
	CRT
	ERB
	FAL
	FIA
	GAR
	GRE
	LUG
	MLR
	NSL
	PAL
	PG
	RIB
	VRD
	VRM
	VRN
	GWR
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	 c
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	 c
	 c
	 c
	 bc
	 c
	 a
	 c
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	 c
	 c
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	 d
	 cd
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	 d
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	 d
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	 d
	 d
	 d
	 d
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	 d
	 cd
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	 def
	 def
	 f
	 ef
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	 def
	 abc
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	 cde
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	 e
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	Diethyl disulfide DEDS
	 cde
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	 e
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	 b
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	 fg
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	 g
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	 c
	 def

	Nerolidol 2
	 a
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	 a
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	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a

	Geraniol
	 b
	 b
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	α-Phellandrene
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
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	α-Terpinen
	 b
	 b
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	 b
	 b
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	β-Myrcene
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	 b
	 b
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	Limonene
	 b
	 b
	 b
	 b
	 b
	 b
	 b
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	 b
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	 b
	 b
	 b
	 b
	 a

	1,4-Cineole
	 f
	 ef
	 cdef
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	 abcde
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	 def
	 f
	 f
	 cdef
	 a
	 ab
	 bcdef
	 f
	 abcd

	1,8-Cineole
	 a
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	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a

	p-Cymene
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
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	 b
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	 b
	 b
	 b
	 b
	 b
	 a

	Terpinolene
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 a

	cis-Linalool oxide
	 abc
	 bc
	 abc
	 c
	 bc
	 bc
	 c
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	 bc
	 abc
	 abc
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	 c
	 ab
	 c
	 a

	Linalool
	 c
	 c
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	 c
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	 c
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	 c
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	α-Terpineol
	 c
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	 c
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	β Citronellol
	 b
	 b
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	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 a

	Methyl salicylate
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 a
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	 b
	 b
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	Nerol
	 b
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	 b
	 b
	 b
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	trans Rose oxide
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
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	 a

	cis Rose Oxide
	 b
	 b
	 b
	 b
	 b
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	 b
	 b
	 b
	 b
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	 b
	 b
	 b
	 b
	 b
	 a

	β-Damascenone
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a
	 a

	Vitispirane 1
	 e
	 ab
	 cde
	 de
	 abc
	 cde
	 abcd
	 de
	 cde
	 bcde
	 bcde
	 abc
	 e
	 cde
	 de
	 a
	 cde
	 de

	Vitispirane 2
	 de
	 a
	 cde
	 cde
	 ab
	 cde
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	 cde
	 cde
	 bc
	 bcde
	 bcd
	 e
	 cde
	 cde
	 bc
	 bcde
	 cde

	TPB
	 abcde
	 ab
	 abc
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	 e
	 abcde
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	 abc
	 a
	 de
	 cde
	 abcd
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	 abcde
	 cde
	 bcde
	 abcde

	TDN
	 b
	 b
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	 b
	 b
	 b
	 ab
	 b
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	 b
	 b
	 b
	 b
	 b
	 b
	 a
	 b
	 b

	α-Ionone
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 ab
	 b
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	 b
	 b
	 a

	β-Ionone
	 g
	 g
	 a
	 abc
	 defg
	 g
	 a
	 bcdef
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	 cdefg
	 cdefg
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	 fg
	 efg
	 abcd
	 g
	 defg



	Supplementary 4. Significantly different groups according to Kruskal-Wallis multiple pairwise comparison (Dunn, α=0.05) in T60 wines. Lowercase letters denote significantly different groups, with first letters in alfabetical order indicating higher contents

	Category
	ALB
	ARN
	CRT
	ERB
	FAL
	FIA
	GAR
	GRE
	LUG
	MLR
	NSL
	PAL
	PG
	RIB
	VRD
	VRM
	VRN
	GWR
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	 c
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	 d
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	α-Phellandrene
	 b
	 b
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	 b
	 b
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	 cd
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	 d
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	 b
	 b
	 b
	 b
	 b
	 b
	 b
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	Limonene
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 b
	 a

	1,4-Cineole
	 efg
	 efg
	 efg
	 a
	 bcdef
	 bcdefg
	 fg
	 fg
	 abcd
	 efg
	 fg
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	 g
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	Supplementary 5. Minimum, maximum, and mean content (µg/L) of significantly different compounds according to Kruskal Wallis test (α=0.05) between Control and T60

	
	
	CO
	T60

	Variable
	p-value
	Minimum
	Maximum
	Mean
	Minimum
	Maximum
	Mean

	Sulfur compounds
	
	
	
	
	
	
	

	Carbon disulfide
	<0.0001
	2.760
	48.885
	8.899
	12.620
	681.560
	109.915

	Methanthiol
	<0.0001
	0.520
	21.160
	4.123
	0.810
	48.400
	10.438

	Dimethyl sulfide DMS
	<0.0001
	1.775
	35.735
	7.651
	4.250
	74.650
	17.097

	Dimethyl disulfide DMDS
	<0.0001
	0.000
	2.830
	0.450
	0.000
	17.230
	1.261

	Dimethyl trisulfide DMTS
	<0.0001
	0.000
	0.630
	0.112
	0.000
	2.480
	0.339

	Terpenoids
	
	
	
	
	
	
	

	Geraniol
	<0.0001
	0.000
	20.575
	2.105
	0.000
	53.130
	1.146

	α-Phellandrene
	<0.0001
	0.000
	3.435
	0.144
	0.000
	2.020
	0.097

	β-Myrcene
	<0.0001
	0.005
	224.850
	8.725
	0.000
	116.300
	4.465

	Limonene
	<0.0001
	0.005
	99.295
	4.163
	0.000
	66.140
	3.041

	1,4-Cineole
	<0.0001
	0.000
	3.125
	0.725
	0.000
	7.560
	1.456

	1,8-Cineole
	<0.0001
	0.000
	5.520
	0.471
	0.090
	7.600
	1.143

	p-Cymene
	<0.0001
	0.005
	14.560
	1.065
	0.180
	11.430
	2.221

	cis-Linalool oxide
	<0.0001
	0.000
	19.775
	3.342
	0.720
	93.360
	15.628

	Linalool
	<0.0001
	0.100
	128.810
	10.194
	0.000
	26.280
	1.201

	Terpinen-4-ol
	0.015
	0.000
	5.995
	0.986
	0.000
	6.610
	0.812

	α-Terpineol
	0.005
	0.020
	32.990
	5.097
	0.180
	48.680
	4.446

	β Citronellol
	<0.0001
	0.000
	62.670
	3.151
	0.000
	30.770
	1.261

	Nerolidol 2
	<0.0001
	0.000
	2.605
	0.169
	0.000
	0.450
	0.035

	Norisoprenoids
	
	
	
	
	
	
	

	β-Damascenone
	<0.0001
	0.000
	1.680
	0.289
	0.070
	1.720
	0.456

	Vitispirane 1
	<0.0001
	0.178
	7.015
	1.909
	0.720
	102.960
	7.003

	Vitispirane 2
	<0.0001
	0.155
	5.707
	1.188
	0.240
	73.220
	4.003

	TPB
	<0.0001
	0.000
	0.435
	0.122
	0.100
	2.450
	0.661

	TDN
	<0.0001
	0.000
	17.435
	3.557
	7.640
	419.980
	55.398

	α-Ionone
	<0.0001
	0.000
	1.045
	0.065
	0.000
	0.690
	0.096

	Other
	
	
	
	
	
	
	

	Methyl salicylate
	<0.0001
	0.095
	22.340
	2.055
	0.370
	31.860
	4.357
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Supplementary 6. Content of 1,4-cineole and 1,8-cineole in a) Control and b) T60 wines


	Supplementary 7. Correlation between 1,4-cineole and 1,8-cineole in T60 wines and terpenes in Control wines.

	1,4-Cineole
	1,8-Cineole

	VOCs
	ρ
	VOCs
	ρ

	1,4-Cineole
	0.691
	1,8-Cineole
	0.670 

	Terpinen-4-ol
	0.577
	α-Terpineol
	0.530

	p-Cymene
	0.515
	Linalool
	0.478

	β-Myrcene
	0.358
	Limonene
	0.563

	α-Terpineol
	0.288
	Terpinolene
	0.562

	Geraniol
	0.234
	cis-Linalool oxide
	0.491

	Terpinolene
	0.181
	α-Terpinen
	0.343

	1,8-Cineole
	0.176
	α-Phellandrene
	0.289

	α-Terpinen
	0.156
	4-Carene
	0.281

	Linalool
	0.138
	p-Cymene
	0.251

	β Citronellol
	0.137
	Terpinen-4-ol
	0.207

	cis-Linalool oxide
	0.066
	β Citronellol
	0.196

	Limonene
	0.061
	β-Myrcene
	0.183

	α-Phellandrene
	0.046
	1,4-Cineole
	0.111

	4-Carene
	-0.026
	Geraniol
	-0.044
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Supplementary 8. Correlation (Spearman) between the terpinen-4-ol/α-terpineol ratio in control and 1,4-cineole/1,8-Cineole ratio in T60 wines.
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Supplementary 9. HCA analysis of T60 wines performed after removing a) methyl salicylate, b) 1,4-cineole, and c) 1,8-cineole
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Supplementary 10. PCAs of Control and T60 MLR wines using volatile compounds as active variables and wine samples as active observations.
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