Supplementary Table 1. Table of eighteen green coffee batches analysed. Farm 1 (F1, La Victoria), Farm 2 (F2, El Poste), Farm 3 (F3, La Marcela). Varieties analysed are Catuai Rojo (CR), Bourbon (BO) and Maragogype (MA). Fermentation time is reported for each batch (12 hours and 24 hours) fermented beans. The GPS coordinates (all from the Nueva Segovia department) of each production site are provided for geographical reference. The geographic coordinates are reported in decimal degrees (DD) format, expressing latitude and longitude as decimal fractions of degrees, which represents the standard format used in GPS data acquisition.	
	Batch n°
	Farm
	Variety
	Fermentation (h)
	GPS

	1
	La Marcela
	Catuai Rojo
	24
	13.780107916615991, -86.60132557710354

	2
	La Marcela
	Catuai Rojo
	12
	13.780107916615991, -86.60132557710354

	3
	La Marcela
	Bourbon
	24
	13.780107916615991, -86.60132557710354

	4
	La Marcela
	Bourbon
	12
	13.780107916615991, -86.60132557710354

	5
	La Marcela
	Maragogype
	24
	13.780107916615991, -86.60132557710354

	6
	La Marcela
	Maragogype
	12
	13.780107916615991, -86.60132557710354

	7
	El Poste
	Catuai Rojo
	24
	13.787535853552106, -86.54571597225365

	8
	El Poste
	Catuai Rojo
	12
	13.787535853552106, -86.54571597225365

	9
	El Poste
	Bourbon
	24
	13.787535853552106, -86.54571597225365

	10
	El Poste
	Bourbon
	12
	13.787535853552106, -86.54571597225365

	11
	El Poste
	Maragogype
	24
	13.787535853552106, -86.54571597225365

	12
	El Poste
	Maragogype
	12
	13.787535853552106, -86.54571597225365

	13
	La Victoria
	Catuai Rojo
	24
	13.790199851360875, -86.54658174030882

	14
	La Victoria
	Catuai Rojo
	12
	13.790199851360875, -86.54658174030882

	15
	La Victoria
	Bourbon
	24
	13.790199851360875, -86.54658174030882

	16
	La Victoria
	Bourbon
	12
	13.790199851360875, -86.54658174030882

	17
	La Victoria
	Maragogype
	24
	13.790199851360875, -86.54658174030882

	18
	La Victoria
	Maragogype
	12
	13.790199851360875, -86.54658174030882



Supplementary Table 2.  Moisture content (%) of each sample batch, determined by freeze‑drying prior to digestion. As all samples were digested in their freeze‑dried form, the ICP results are already expressed on a dry‑weight basis and no moisture correction was required; values are reported here to ensure full transparency and reproducibility of the analysis.
	Batch n°
	Moisture

	1
	4.43

	2
	4.92

	3
	5.25

	4
	4.95

	5
	5.16

	6
	4.06

	7
	5.54

	8
	2.86

	9
	3.17

	10
	4.90

	11
	4.95

	12
	5.13

	13
	4.16

	14
	4.40

	15
	5.17

	16
	3.80

	17
	3.55

	18
	4.36



Supplementary Table 3. List of certified standard solutions and reagents used for elemental analysis by ICP‑MS/OES, including their intended use, purity grade, manufacturer, country of origin, and elemental composition. Multi‑element calibration standards (CC) were used to prepare external calibration curves, the internal standard solution (IS) was employed for online correction of matrix effects and instrumental drift, and the concentrated acids (AD) were used for sample digestion. All standards were of ICP‑grade purity, supplied by CPAchem (Bulgaria), and manufactured under a quality system certified to ISO 9001 and accredited according to ISO/IEC 17025 and ISO/IEC 17034 for reference material production; acids were Super Purity Acid grade supplied by ROMIL (UK).
	
	Use
	Purity grade
	Manufacturer
	Country
	Components
	Components selected from the standard

	Hg St 100 mg/L
	CC
	ICP
	CPA chem
	BGR
	Hg
	

	P St100 mg/L
	CC
	ICP
	CPA chem
	BGR
	P
	

	Si St 1000 mg/L
	CC
	ICP
	CPA chem
	BGR
	Si
	

	MSt - 28 cmp. -100 ppm
	CC
	ICP
	CPA chem
	BGR
	Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sr, Ti, Tl, V, Zn
	Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sr, Ti, Tl, V, Zn

	MSt - 31 cmp.- 10 ppm
	CC
	ICP
	CPA chem
	BGR
	Ag, Al, As, B, Ba, Cd, Ce, Co, Cr, Cu,Dy, Er, Gd, Ho, La, Li, Lu, Mn, Nd, Ni, P, Pb, Rb, Se, Sm, Sr, Tl, Tm, U, V, Zn
	Rb, La, Ce, Nd, Sm, Gd, Dy, Ho, Er, Tm, Lu, U

	MSt - 30 cmp.- 10 ppm
	CC
	ICP
	CPA chem
	BGR
	Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, Hg, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se, Sr, Tl, U, V, Zn
	Ga, In, Cs

	MSt - 7 cmp. - 100 ppm
	IS
	ICP
	CPA chem
	BGR
	Sc, Ge, Y, Rh, Tb, Re, Ir
	Sc, Ge, Y, Rh, Tb, Re, Ir

	MSt - 4 cmp.- 1000 ppm
	CC
	ICP
	CPA chem
	BGR
	Ca, Mg, Na, K
	Ca, Mg, Na, K

	Concentrated nitric acid - Super Purity Acid
	AD
	67-69%
	ROMIL
	UK
	
	

	Concentrated hydrochloric acid - Super Purity Acid
	AD
	34-37%
	ROMIL
	UK
	
	


St: Standard; MSt: Multielement Standard; cmp: components; CC: Calibration Curves; IS: Internal Standard; AD: Acid Digestion; BGR: Bulgaria; UK: United Kingdom


Supplementary Table 4. Calibration points and linear regression parameters (equation y = bx + a, intercept a, slope b, and coefficient of determination R²) of the external calibration curves used for elemental quantification. Calibration levels are expressed in ppb (parts per billion) for trace and ultra‑trace elements determined by ICP‑MS‑TQ, and in ppm (parts per million) for macro‑elements (K, P, Na, Mg, Ca, Si) determined by ICP‑OES.
	Elements
	ppb
	Equation (y=bx+a)
	

	
	
	a
	b
	R2

	Li
	0.1
	0.5
	1
	5
	10
	
	
	2.083657221
	169.3333021
	0.999769716

	Be
	0.05
	0.1
	0.5
	1
	
	
	
	1.04118467
	151.5113761
	0.999653017

	B
	5
	10
	50
	100
	500
	
	
	40.43394668
	87.17453469
	0.999933506

	Al
	10
	50
	100
	500
	
	
	
	2473.471301
	335.624182
	0.999691521

	Ti
	0.5
	1
	5
	10
	50
	
	
	2828.113204
	31693.86651
	0.999323623

	V
	0.1
	0.5
	1
	5
	10
	
	
	2988.592326
	38768.38027
	0.998768445

	Cr
	0.05
	0.1
	0.5
	1
	5
	10
	50
	766.0567948
	11129.38418
	0.999946253

	Mn
	0.5
	1
	5
	10
	50
	100
	500
	958.4510061
	13034.27483
	0.999862955

	Fe
	5
	10
	50
	100
	500
	
	
	395.3326722
	581.4868519
	0.999870864

	Co
	0.05
	0.1
	0.5
	1
	5
	10
	50
	116.4567763
	44938.54748
	0.999913786

	Ni
	0.5
	1
	5
	10
	50
	100
	
	5251.52956
	12768.64998
	0.999705527

	Cu
	5
	10
	50
	100
	500
	
	
	2265.421848
	37592.17004
	0.999882272

	Zn
	10
	50
	100
	500
	
	
	
	13301.46044
	6633.34487
	0.999863983

	Ga
	0.005
	0.05
	0.5
	
	
	
	
	19.65336359
	6844.946646
	0.999999965

	As
	0.01
	0.1
	0.5
	1
	5
	10
	50
	240.8349686
	8447.581503
	0.999933659

	Se
	0.01
	0.05
	0.1
	0.5
	1
	5
	10
	14.595222
	2640.009489
	0.999933917

	Rb
	1
	50
	200
	
	
	
	
	-1235.233971
	10274.75211
	0.999994209

	Sr
	5
	10
	50
	100
	500
	
	
	490.6001964
	7785.882211
	0.999609936

	Mo
	0.5
	1
	5
	10
	
	
	
	28.368063
	2560.421209
	0.997939981

	Cd
	0.01
	0.05
	0.1
	0.5
	1
	5
	10
	16.50376497
	11011.71415
	0.999980537

	In
	0.005
	0.05
	0.5
	
	
	
	
	3.977977745
	59582.80133
	0.999954906

	Sb
	0.01
	0.05
	0.1
	0.5
	1
	5
	
	129.2434266
	20737.94121
	0.999903263

	Cs
	0.005
	0.05
	0.5
	
	
	
	
	73.83270142
	38033.2812
	0.999988709

	Ba
	50
	100
	500
	
	
	
	
	-166055.9517
	17366.87932
	0.996943082

	La
	0.01
	0.05
	0.1
	0.5
	1
	
	
	1397.861607
	112960.5854
	0.999957519

	Ce
	0.05
	0.1
	0.5
	1
	
	
	
	2212.57954
	154667.249
	0.999444984

	Nd
	0.01
	0.05
	0.1
	0.5
	1
	
	
	185.0473318
	57051.34602
	0.999861044

	Sm
	0.005
	0.01
	0.05
	0.1
	0.5
	
	
	40.80294575
	29855.59818
	0.999944004

	Gd
	0.0001
	0.0005
	0.001
	0.005
	0.01
	0.05
	0.1
	15.2821262
	31146.14521
	0.999573703

	Dy
	0.001
	0.005
	0.01
	0.05
	0.1
	0.5
	1
	24.00466544
	58679.6302
	0.999257414

	Ho
	0.0005
	0.001
	0.005
	0.01
	0.05
	0.1
	0.5
	23.87547855
	230190.4568
	0.999761345

	Er
	0.001
	0.005
	0.01
	0.05
	0.1
	0.5
	1
	13.897501
	70630.82941
	0.999867644

	Tm
	0.0001
	0.0005
	0.001
	0.005
	0.01
	0.05
	0.1
	10.40245026
	232847.1306
	0.999828871

	Lu
	0.001
	0.005
	0.01
	0.05
	0.1
	
	
	744.7317961
	207560.6616
	0.999844024

	Hg
	0.01
	0.05
	0.5
	
	
	
	
	96.80192847
	27655.40878
	0.999994554

	Tl
	0.01
	0.05
	0.1
	0.5
	1
	
	
	588.3755388
	168423.1793
	0.999494983

	Pb
	0.05
	0.1
	1
	5
	
	
	
	10110.38402
	247278.9533
	0.999941282

	Bi
	0.005
	0.01
	0.05
	0.1
	0.5
	1
	5
	1529.999654
	206150.0066
	0.999906883

	U
	0.005
	0.01
	0.05
	0.1
	0.5
	
	
	109.5235276
	97347.53557
	0.999993688

	
	ppm
	
	
	

	K
	5
	20
	50
	200
	400
	
	
	239.3138251
	256.2272248
	0.999960237

	P
	1
	5
	50
	
	
	
	
	1.245873138
	17.43887696
	0.999999414

	Na
	0.05
	0.1
	0.5
	1
	5
	20
	
	885.6088785
	2094.749985
	0.999967297

	Mg
	0.05
	0.1
	0.5
	1
	5
	20
	50
	11.44055309
	10840.56516
	0.99978767

	Ca
	0.1
	0.5
	1
	5
	20
	50
	
	391.6979307
	45543.55899
	0.999899823

	Si
	0.01
	0.05
	0.1
	0.5
	
	
	
	4.648867771
	248.6295306
	0.999773569



Supplementary Table 5. Instrumental parameters and analytical performance data for elements determined by ICP‑MS‑TQ, including measurement mode (KED or O₂ reaction), monitored isotope (or mass‑shift transition for reaction mode), and limits of detection (LOD), quantification (LOQ), and minimum quantifiable limit (MQL), expressed in mg/L. LOD and LOQ were calculated according to IUPAC criteria (LOD = 3σ; LOQ = 10σ), and MQL was defined as the highest value between the LOQ and the lowest calibration level that could be quantified with acceptable reliability. The "Retained" column indicates whether each element was included ("Yes") or excluded ("No") from further data interpretation, as elements with concentrations below the MQL were not considered reliable.
	Element
	Measurement Mode
	Isotope
	LOD [mg/L]
	LOQ [mg/L]
	MQL [mg/L]
	Retained

	Li
	KED
	7
	0.00525
	0.01750
	0.01750
	No

	Be
	KED
	9
	0.00145
	0.00484
	0.00484
	No

	B
	KED
	11
	0.01820
	0.06050
	0.33300
	Yes

	Al
	KED
	27
	1.28000
	4.28000
	4.28000
	No

	Ti
	Reaction (O2)
	48→64
	0.01180
	0.03920
	0.03920
	Yes

	V
	Reaction (O2)
	51→67
	0.00325
	0.01080
	0.01080
	No

	Cr
	Reaction (O2)
	52→68
	0.01480
	0.04940
	0.04940
	Yes

	Mn
	KED
	55
	0.04100
	0.13700
	0.13700
	Yes

	Fe
	KED
	57
	1.53000
	5.09000
	5.09000
	Yes

	Co
	KED
	59
	0.00025
	0.00082
	0.00082
	Yes

	Ni
	KED
	60
	0.00787
	0.02620
	0.03330
	Yes

	Cu
	KED
	63
	0.00453
	0.01510
	0.33300
	Yes

	Zn
	KED
	66
	0.16900
	0.56500
	0.66700
	Yes

	Ga
	KED
	71
	0.00039
	0.00131
	0.00333
	No

	As
	Reaction (O2)
	75→91
	0.00082
	0.00274
	0.00274
	No

	Se
	Reaction (O2)
	80→96
	0.00012
	0.00040
	0.00067
	Yes

	Rb
	KED
	85
	0.00999
	0.03330
	0.06670
	Yes

	Sr
	Reaction (O2)
	88→104
	0.00446
	0.01490
	0.33300
	Yes

	Mo
	Reaction (O2)
	98→114
	0.01950
	0.06500
	0.06500
	Yes

	Cd
	KED
	111
	0.00020
	0.00067
	0.00067
	Yes

	In
	KED
	115
	0.00000
	0.00001
	0.00033
	No

	Sb
	KED
	121
	0.00123
	0.00409
	0.00409
	No

	Cs
	KED
	133
	0.00041
	0.00136
	0.00136
	Yes

	Ba
	Reaction (O2)
	138→154
	0.13100
	0.43600
	3.33000
	Yes

	La
	KED
	139
	0.00077
	0.00255
	0.00255
	No

	Ce
	Reaction (O2)
	140→156
	0.00132
	0.00440
	0.00440
	No

	Nd
	Reaction (O2)
	144→160
	0.00059
	0.00195
	0.00195
	No

	Sa
	Reaction (O2)
	149→165
	0.00013
	0.00042
	0.00042
	No

	Gd
	Reaction (O2)
	157→173
	0.00006
	0.00019
	0.00019
	No

	Dy
	Reaction (O2)
	163→179
	0.00006
	0.00019
	0.00019
	No

	Ho
	Reaction (O2)
	165→181
	0.00001
	0.00004
	0.00004
	No

	Er
	Reaction (O2)
	166→182
	0.00002
	0.00008
	0.00008
	No

	Tm
	Reaction (O2)
	169→185
	0.00001
	0.00002
	0.00002
	No

	Lu
	Reaction (O2)
	175→191
	0.00001
	0.00003
	0.00007
	No

	Hg
	KED
	202
	0.00016
	0.00054
	0.00067
	No

	Tl
	KED
	205
	0.00410
	0.01370
	0.01370
	No

	Pb
	KED
	208
	0.00777
	0.02590
	0.02590
	No

	Bi
	KED
	209
	0.00048
	0.00159
	0.00159
	No

	U
	KED
	238
	0.00003
	0.00011
	0.00033
	No


Supplementary Table 6. Instrumental parameters and analytical performance data for macro‑elements determined by ICP‑OES, including the emission wavelength (nm; A: axial view, R: radial view) and limits of detection (LOD), quantification (LOQ), and minimum quantifiable limit (MQL), expressed in mg/L. LOD and LOQ were calculated according to IUPAC criteria (LOD = 3σ; LOQ = 10σ), and MQL was defined as the highest value between the LOQ and the lowest calibration level that could be quantified with acceptable reliability. The "Retained" column indicates whether each element was included ("Yes") or excluded ("No") from further data interpretation, as elements with concentrations below the MQL were not considered reliable.
	Symbol
	Λ (nm)
	LOD [mg/L]
	LOQ [mg/L]
	MQL [mg/L]
	Retained

	K
	769.896 {R}
	0.070900
	0.236000
	333.000000
	Yes

	P
	185.942 {A}
	0.003950
	0.013200
	66.700000
	Yes

	Na
	589.592 {R}
	0.004740
	0.015800
	15.800000
	No

	Mg
	280.270 {R}
	0.000042
	0.000141
	3.330000
	Yes

	Ca
	396.847 {R}
	0.000759
	0.002530
	6.670000
	Yes

	Si
	221.667{A}
	0.044300
	0.148000
	148.000000
	No



Supplementary Table 7. Acquisition and identification parameters used for LC‑MS/MS analysis of the eleven target phenolic compounds, including retention time (RT), precursor ion [M‑H]⁻ m/z, MS/MS fragment ions [M‑H]⁻ m/z, and identification level (Standard: confirmed by comparison with an authentic reference standard; Putative: tentatively identified based on accurate mass, elemental composition, characteristic MS/MS fragmentation patterns, and comparison with literature data and spectral databases. Where appropriate, tentative structural assignments to specific positional isomers are reported. Calibration range, limit of detection (LOD), limit of quantification (LOQ), and calibration linearity (R²) are reported for compounds quantified using their own external calibration curves. Compounds lacking authentic reference standards were quantified semi-quantitatively using the calibration curve of the most structurally similar available standard; therefore, analyte-specific calibration parameters are not reported.
	
	RT (min)
	Precursor ion [M-H]-  m/z
	MS/MS fragments     [M-H]- m/z
	Identification level
	LOD
ng/mL
	LOQ
ng/mL
	Calibration levels range (ng/mL)
	Calibration curve (R2)

	Neochlorogenic acid (3-caffeoylquinic acid)
	2.3
	353.0877
	191.0562
179.0350
135.0452
	Standard
	0.6
	1.9
	1-250
	0.998

	Dihydroxybenzoic acid
	1.9
	153.0192
	109.0291
81.0343
	Standard
	0.6
	2.0
	1-250
	0.996

	Benzoic acid
	3.2
	121.0292
	93.0343
77.0394
	Standard
	26.9
	81.7
	25-500
	0.998

	Caffeic acid
	3.3
	179.0344
	135.0453
107.0504
	Standard
	0.9
	2.8
	1-250
	0.998

	5-chlorogenic acid
	3.1
	353.0877
	191.0562
179.0350
	Standard
	2.1
	6.3
	1-250
	0.992

	Vanillic acid isomer 
	4.9
	167.0350
	152.0115
123.0452
	Putative
	67.9
	205.0
	200-1000
	0.997

	3,5 di-caffeoyl-quinic acid
	5.5
	515.1195
	353.0896
191.0561
179.0350
135.0452
	Standard
	3.5
	10.7
	5-500
	0.999

	3,4 di-caffeoyl-quinic acid isomer
	5.2
	515.1195
	353.0896
191.0561
179.0350
135.0452
	Putative
	
	
	
	

	Chlorogenic acid isomer (tentatively assigned as 4-caffeoylquinic acid, 4-CQA)
	5.0
	353.0877
	191.0562
179.0350
135.0452
	Putative
	
	
	
	

	4-hydroxyphenylacetic acid
	6.7
	151.0400
	123.0447
107.0502
	Standard
	38.5
	116.7
	50-1000
	0.998

	Hydroxyphenylacetic acid isomer
	6.4
	151.0400
	123.0447
107.0502
	Putative
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Supplementary Figure 1.   Loading plots of the PCA performed on polyphenols (UHPLC-HRMS/MS, a and b) and ¹H NMR metabolomic data (c and d). (a) Polyphenols’ loading plot of PC1 (31.8%) vs PC2 (15%). (b) Polyphenols’ loading plot of PC2 (15.0%) vs PC3 (13.6%). Abbreviations in (a) and (b): 5-CQA, 5-caffeoylquinic acid (chlorogenic acid); 3-CQA, 3-caffeoylquinic acid (neochlorogenic acid); Chlorogenic acid isomer (tentatively assigned as 4-caffeoylquinic acid, 4-CQA); 3,5-diCQA, 3,5-dicaffeoylquinic acid; 3,4-diCQA, 3,4-dicaffeoylquinic acid isomer; 4-HPAA, 4-hydroxyphenylacetic acid; HPA iso, hydroxyphenylacetic acid isomer (putative identification); DHBA, dihydroxybenzoic acid.
(c) Metabolites’ loading plot of PC1(50.2%) vs PC3 (8.5%). (d) Metabolites’ loading plot of PC2 (12.9%) vs PC3 (8.5%). In (c) and in (d) plot, numbers refer to: 1, Sucrose; 3, Cholorgenic acid; 4, 5-Caffeoyl quinic acid; 5, 4-Caffeoyl quinic acid; 6, 4,5-Di Caffeoyl quinic acid; 7, 3-Caffeoyl quinic acid; 8, 3,4-Di Caffeoyl quinic acid; 9, Caffeine; 10, Theopylline; 11, Trigonelline; 12, Citric acid; 13, Malic acid; 14, Quinic acid; 15, Acetic acid; 16, Formic acid; 17, Fumaric acid; 18, Alanine; 19,  γ-aminobutyrate; 20, Valine; 21, Putrescine; 22, Fatty Acids.  
Supplementary Table 8. Tests for homogeneity of multivariate dispersion (betadisper) for farm, cultivar, and fermentation time, performed on the same batch-averaged Euclidean distance matrix (n=18) used for the integrated PERMANOVA (Table 4 main text).
	Factor
	Df (Groups)
	Df (Residuals)
	F-value
	p-value

	Farm
	2
	15
	0.114
	0.893

	Cultivar
	2
	15
	3.093
	0.075

	Fermentation
	1
	16
	0.041
	0.842



Supplementary Table 9. PERMANOVA results for farm, cultivar, and fermentation time performed separately on each analytical platform, using batch-averaged data (n=18 independent batches) to avoid pseudoreplication from technical replicates. Models were fitted on Euclidean distance matrices of log-transformed, autoscaled variables, with marginal effects estimated using 999 permutations.
	Platform
	Factor
	Df
	R²
	F
	p-value

	ICP (elements)
	Farm
	1
	0.140
	2.59
	0.003

	
	Cultivar
	1
	0.086
	1.59
	0.103

	
	Fermentation
	1
	0.018
	0.33
	0.972

	Polyphenols
	Farm
	1
	0.142
	2.74
	0.009

	
	Cultivar
	1
	0.031
	0.60
	0.789

	
	Fermentation
	1
	0.102
	1.97
	0.060

	¹H NMR
	Farm
	1
	0.072
	1.30
	0.232

	
	Cultivar
	1
	0.110
	1.99
	0.089

	
	Fermentation
	1
	0.047
	0.86
	0.506


Df: degrees of freedom associated with each factor;
Sum of Squares: partition of total multivariate variance attributable to each factor;
R²: proportion of total variance explained by each factor;
F-value: pseudo-F statistic calculated from between-group and within-group variation;
p-value: permutation-based significance level (999 permutations).

Supplementary Table 10. Leave-one-condition-out cross-validation of the sPLS-DA model for farm discrimination. All samples from each farm × cultivar × fermentation combination were left out together during model validation to prevent information leakage across replicate preparations. Perfect classification accuracy (Accuracy = 1.00, ER = 0.00) was obtained at the condition level (n = 18 independent conditions), confirming the robustness of the farm-specific chemical signature.
	
	Predicted

	True
	F1
	F2
	F3

	F1
	6
	0
	0

	F2
	0
	6
	0

	F3
	0
	0
	6
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Supplementary Figure 2.  (a) Score plot of the first two sPLS-DA components showing partial separation among cultivars (MA in purple, CR in green, BO in grey). Text labels (F1, F2, F3) indicate respectively farm origin. Ellipses correspond to 95% coverage regions. The model retained two components after cross-validation. (b) Loading values for Component 1 highlighting the main variables contributing to cultivar differentiation, including Fe, Rb, 5-caffeoylquinic acid (5-CQA), valine, Zn, Mg, K, and caffeine. (c) Loading values for Component 2, primarily driven by B, Ca, and Ti, with minor contributions from citric acid and Mo. Positive and negative loadings indicate variables associated with opposite directions along each component.

Supplementary Table 11. Confusion matrix and predictive performance of the sPLS-DA model for cultivar classification under LOCO validation. The table reports condition-level predictions obtained by leaving out all samples belonging to the same farm × cultivar × fermentation combination during each validation step. Rows represent true class labels (MA, CR, BO) and columns represent predicted classes. Overall classification accuracy was 0.611, and the Error Rate (ER) was 0.389, indicating moderate discriminative performance and partial overlap among cultivars.
	
	Predicted

	True
	MA
	CR
	BO

	MA
	3
	1
	2

	CR
	0
	4
	2

	BO
	2
	0
	4

	Accuray
	0.611

	ER
	0.389
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