Supplementary Material
GC–MS Calibration Data and Quantification Parameters


Table S1 - Linear calibration equations, determination coefficients (R²), and working ranges for quantification of methoxypyrazines and volatile compounds in wines from the 2023 and 2024 vintages
	Vintage
	Compounds
	Linear equation
	R2
	Range

	2023
	EMP 1
	y = 2751.1x – 45.434
	0.9961
	9.8 to 312 (ng/L)

	
	IPMP 1
	y = 608.69x + 12.796
	0.9863
	

	
	SBMP 1
	y = 505.36x + 4.5052
	0.9847
	

	
	IBMP 1
	y = 1103.6x + 8.6296
	0.9836
	

	2024
	EMP 1
	y = 2914.80x – 63.9630
	0.9910
	

	
	IPMP 1
	y = 403.75x – 32.3970
	0.9987
	

	
	SBMP 1
	y = 305.05x – 14.1080
	0.9969
	

	
	IBMP 1
	y = 964.23x – 50.2400
	0.9977
	

	2024
	ethyl butyrate 2
	y = 5832.3x + 15.839
	0.9981
	18 to 561 (μg/L)

	
	ethyl isovalerate 2
	y = 2242.4x + 8.8315
	0.9969
	4 to 460 (μg/L)

	
	isoamyl acetate 2
	y = 1715x + 9.042
	0.9979
	15 to 467 (μg/L)

	
	ethyl heptanoate 2 
	y = 282.22x + 12.937
	0.9931
	4 to 232 (μg/L)

	
	isobutyl hexanoate 2
	y = 243.13x + 10.249
	0.9934
	4 to 228 (μg/L)

	
	ethyl octanoate 2
	y = 229.39x + 30.447
	0.9893
	17 to 271 (μg/L)


Legend: 1 Concentrations were normalized using pyrazine as the internal standard; 2 Concentrations were normalized using methyl hexanoate as the internal standard. The concentrations of ethyl 2-phenylacetate, 2-phenylethyl acetate, ethyl decanoate, isobutyl acetate, 2-methylbutyl acetate, ethyl hexanoate, and diethyl succinate were normalized using methyl hexanoate as the internal standard and semi-quantified based on the linear calibration curve of ethyl butyrate. The concentrations of isoamyl alcohol, 2-methylbutan-1-ol, hexan-1-ol, and phenylethyl alcohol were normalized using eucalyptol as the internal standard and semi-quantified based on the linear calibration curve of ethyl butyrate.
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Table S2. Limits of detection (LOD) and quantification (LOQ) for methoxypyrazines
	Compound
	2023
	2024

	
	LOD
(ng/L)
	LOQ
(ng/L)
	LOD
(ng/L)
	LOQ
(ng/L)

	EMP
	0.127
	0.424
	<0.001 1
	<0.001 1

	IPMP
	0.060
	0.200
	0.059
	0.195

	SBMP
	0.035
	0.116
	0.058
	0.192

	IBMP
	0.040
	0.133
	0.134
	0.446


Legend: 1 Values below 0.001 ng/L indicate concentrations below the minimum quantifiable level under the analytical conditions employed.
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Table S3. Decrease in must density during alcoholic fermentation of Cabernet Sauvignon grapes from the 2023 and 2024 vintages
	Vintage
	Date
	Must Density (g/mL)

	
	
	SF
	IF

	
	
	A
	B
	C
	Mean
	SD
	A
	B
	C
	Mean
	SD

	2023
	9-May
	1.084
	1.087
	1.085
	1.085
	0.002
	1.085
	1.085
	1.085
	1.085
	0.000

	
	10-May
	1.086
	1.088
	1.088
	1.087
	0.001
	1.088
	1.086
	1.086
	1.086
	0.001

	
	11-May
	1.083
	1.087
	1.083
	1.085
	0.002
	1.085
	1.085
	1.085
	1.085
	0.000

	
	12-May
	1.079
	1.082
	1.079
	1.080
	0.002
	1.077
	1.079
	1.078
	1.078
	0.001

	
	13-May
	1.070
	1.075
	1.072
	1.072
	0.003
	1.052
	1.054
	1.054
	1.053
	0.001

	
	14-May
	1.065
	1.069
	1.064
	1.066
	0.003
	1.032
	1.034
	1.034
	1.033
	0.001

	
	15-May
	1.046
	1.051
	1.051
	1.050
	0.003
	1.011
	1.014
	1.014
	1.013
	0.001

	
	16-May
	1.031
	1.034
	1.035
	1.033
	0.002
	1.002
	1.006
	1.002
	1.003
	0.002

	
	17-May
	1.021
	1.023
	1.023
	1.022
	0.001
	0.998
	0.998
	0.997
	0.997
	0.001

	
	18-May
	1.006
	1.008
	1.007
	1.007
	0.001
	0.995
	0.996
	0.995
	0.995
	0.001

	
	19-May
	1.000
	1.002
	1.001
	1.001
	0.001
	-
	-
	-
	-
	-

	
	20-May
	0.995
	0.995
	0.995
	0.995
	0.000
	-
	-
	-
	-
	-

	2024
	19-Mar
	1.077
	1.080
	1.082
	1.080
	0.003
	1.080
	1.082
	1.082
	1.082
	0.001

	
	21-Mar
	1.076
	1.074
	1.078
	1.076
	0.002
	1.080
	1.082
	1.078
	1.080
	0.002

	
	22-Mar
	1.068
	1.070
	1.070
	1.069
	0.001
	1.070
	1.068
	1.070
	1.069
	0.001

	
	23-Mar
	1.060
	1.063
	1.063
	1.062
	0.002
	1.059
	1.051
	1.052
	1.054
	0.005

	
	25-Mar
	1.036
	1.042
	1.042
	1.040
	0.003
	1.032
	1.026
	1.026
	1.028
	0.003

	
	26-Mar
	1.020
	1.024
	1.028
	1.024
	0.004
	1.016
	1.010
	1.014
	1.013
	0.003

	
	27-Mar
	1.012
	1.016
	1.020
	1.016
	0.004
	1.010
	1.004
	1.002
	1.005
	0.004

	
	28-Mar
	1.002
	1.006
	1.010
	1.006
	0.004
	1.002
	0.998
	0.998
	0.999
	0.002

	
	29-Mar
	0.998
	1.002
	1.004
	1.001
	0.003
	0.996
	0.996
	0.996
	0.996
	0.000

	
	30-Mar
	0.998
	0.998
	0.998
	0.998
	0.000
	-
	-
	-
	-
	-

	
	31-Mar
	0.996
	0.996
	0.996
	0.996
	0.000
	-
	-
	-
	-
	-


Legend: SF: spontaneous fermentation; IF: inoculated fermentation. The results (n=3) are expressed in g/mL. 
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Table S4. Reduction in reducing sugar concentration during alcoholic fermentation of Cabernet Sauvignon grapes from the 2023 and 2024 vintages
	Vintage
	Date
	Reducing Sugar Concentration (g/L)

	
	
	SF
	IF

	
	
	A
	B
	C
	Mean
	SD
	A
	B
	C
	Mean
	SD

	2023
	9-May
	206.56
	204.72
	189.34
	200.21
	9.46
	209.75
	225.91
	205.26
	213.64
	10.86

	
	11-May
	203.78
	199.85
	169.75
	191.13
	18.62
	201.97
	220.86
	192.44
	205.09
	14.46

	
	12-May
	168.25
	159.66
	157.01
	161.64
	5.88
	153.40
	184.71
	187.54
	175.22
	18.95

	
	13-May
	157.18
	165.12
	143.31
	155.20
	11.03
	118.63
	119.39
	127.35
	121.79
	4.83

	
	14-May
	125.33
	148.96
	144.47
	139.59
	12.55
	61.59
	83.66
	70.05
	71.77
	11.14

	
	15-May
	94.34
	114.89
	106.68
	105.30
	10.34
	37.65
	48.58
	39.98
	42.07
	5.75

	
	16-May
	56.33
	77.99
	73.15
	69.16
	11.37
	12.46
	18.72
	11.83
	14.34
	3.81

	
	17-May
	54.80
	54.04
	58.18
	55.67
	2.20
	3.25
	3.62
	2.45
	3.10
	0.59

	
	18-May
	22.54
	29.00
	24.27
	25.27
	3.35
	1.34
	1.95
	1.35
	1.55
	0.35

	
	19-May
	5.98
	7.32
	5.27
	6.19
	1.04
	-
	-
	-
	-
	-

	
	20-May
	3.05
	3.93
	3.01
	3.33
	0.52
	-
	-
	-
	-
	-

	2024
	19-Mar
	227.15
	229.42
	226.93
	227.83
	1.38
	213.12
	247.81
	233.12
	231.35
	17.42

	
	21-Mar
	202.59
	233.27
	219.26
	218.37
	15.36
	218.99
	224.04
	227.03
	223.35
	4.06

	
	22-Mar
	202.59
	200.29
	200.83
	201.24
	1.20
	178.78
	169.49
	191.40
	179.89
	10.99

	
	23-Mar
	190.01
	195.92
	200.83
	195.59
	5.42
	173.15
	153.12
	168.87
	165.05
	10.55

	
	25-Mar
	79.46
	91.89
	104.08
	91.81
	12.31
	73.92
	59.09
	51.03
	61.34
	11.61

	
	26-Mar
	39.19
	59.30
	64.51
	54.33
	13.37
	39.79
	24.94
	22.99
	29.24
	9.19

	
	27-Mar
	34.17
	45.96
	57.40
	45.84
	11.61
	16.79
	19.37
	14.81
	16.99
	2.29

	
	29-Mar
	6.25
	12.31
	23.32
	13.96
	8.65
	4.08
	3.65
	3.23
	3.65
	0.43

	
	30-Mar
	2.01
	3.52
	8.32
	4.62
	3.29
	-
	-
	-
	 -
	- 

	
	31-Mar
	2.40
	3.06
	4.26
	3.24
	0.94
	-
	-
	-
	 -
	 -


Legend: SF: spontaneous fermentation; IF: inoculated fermentation. The results (n=3) are expressed in g/L. 
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> # Extract eigenvalues/variances
	
	eigenvalue 
	variance.percent 
	cumulative.variance.percent

	Dim.1
	6.48602123
	38.1530661
	38.15307

	Dim.2
	4.17612007
	24.5654122
	62.71848

	Dim.3
	2.59964425
	15.292025
	78.0105

	Dim.4
	1.78054929
	10.4738193
	88.48432

	Dim.5
	0.76116499
	4.4774411
	92.96176

	Dim.6
	0.40488735
	2.3816903
	95.34345

	Dim.7
	0.30258749
	1.7799264
	97.12338

	Dim.8
	0.26558877
	1.5622869
	98.68567

	Dim.9
	0.13349813
	0.7852831
	99.47095

	Dim.10
	0.06824778
	0.4014575
	99.87241

	Dim.11
	0.02169066
	0.1275921
	100



#Correlations between variables and dimensions - loadings

	 
	Dim.1
	Dim.2
	Dim.3

	ethyl butyrate
	0.794619
	0.318845
	0.346466

	ethyl isovalerate
	0.418294
	0.676122
	0.29194

	isoamyl acetate
	0.647478
	0.368642
	-0.31617

	ethyl heptanoate
	0.04606
	0.394928
	0.899565

	isobutyl hexanoate
	0.1493
	0.430452
	0.871532

	ethyl octanoate
	0.945492
	-0.06088
	-0.19327

	ethyl 2-phenylacetate
	0.236228
	-0.68156
	0.585831

	2-phenylethyl acetate
	0.382337
	-0.81567
	0.001504

	ethyl decanoate
	0.605368
	-0.69287
	-0.00542

	isoamyl alcohol
	0.402821
	0.822657
	-0.3267

	2-methylbutan-1-ol
	0.889416
	-0.16365
	0.108362

	isobutyl acetate
	0.643672
	-0.4762
	0.07593

	hexan-1-ol
	0.389285
	0.518462
	-0.10324

	2-methylbutyl acetate
	0.880697
	-0.16187
	-0.07158

	ethyl hexanoate
	0.620388
	0.494973
	-0.22803

	phenylethyl alcohol
	0.484738
	-0.23315
	0.300674

	diethyl succinate
	0.92678
	-0.04326
	-0.25024




> # Broken Stick test
> bstick(pca_results) 
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9
	PC10
	PC11

	4.6671
	3.121629
	2.348901
	1.83375
	1.447386
	1.138295
	0.88072
	0.65994
	0.466759
	0.295041
	0.140496






