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Supplementary Methods S1. Semi-preparative HPLC purification

Reaction progress and product purification were monitored by semi-preparative HPLC equipped with a diode-array detector (DAD), with chromatograms recorded at 215, 280, and 510 nm. Separation was performed using a Keystone Scientific Aquasil C18 column (250 × 10 mm). Mobile phase A consisted of water containing 5% formic acid, and mobile phase B consisted of methanol containing 5% formic acid. Elution was performed at a flow rate of 2 mL per minute using the following programmed gradient (min/% B): 0/0, 5/20, 65/50, 68/0, and 75/0. Fractions of 1 minute were collected on the basis of their chromatographic elution and DAD response and were subsequently characterized by off-line mass spectrometry.

Supplementary Methods S2. Triple-quadrupole mass-spectrometric characterization
The synthesized reference compounds were characterized using an Agilent 6460 Triple Quadrupole LC/MS system equipped with an Agilent Jet Stream electrospray ionization source operated in positive-ion mode. Full-scan mass spectra were first acquired to identify the precursor ions. The selected precursor ions were then subjected to product-ion analysis, and the diagnostic precursor-to-product-ion transitions were optimized by flow-injection analysis for multiple reaction monitoring (MRM).

Supplementary Table S1. Optimized precursor-to-product-ion transitions and compound-dependent MRM parameters for anthocyanin and pyranoanthocyanin reference compounds.

	Compound
	Chemical class
	Precursor ion
(m/z)
	Product ion
(m/z)
	Fragmentor
(V)
	Collision energy
(eV)
	Ionization mode

	Malvidin-3-O-glucoside (Mv3G; Oenin)
	Anthocyanin
	493
	331
	80
	17
	ESI (+)

	Vitisin A
	Pyrano-
anthocyanin
	561
	399
	130
	17
	ESI (+)

	Vitisin B
	Pyrano-
anthocyanin
	517
	355
	135
	13
	ESI (+)


Note. Parameters were experimentally optimized by flow-injection analysis using an Agilent 6460 Triple Quadrupole LC/MS system equipped with an Agilent Jet Stream electrospray ionization source operated in positive-ion mode. The diagnostic precursor and product ions established from the synthesized reference compounds were used to develop the targeted ion-trap MS/MS method.

Supplementary Methods S3. UHPLC separation
Chromatographic separation was performed using a Dionex UltiMate 3000 UHPLC system equipped with a GL Sciences InertSustain Phenyl analytical column (2.1 × 100 mm, 2 µm). Mobile phase A was water containing 0.1% formic acid, and mobile phase B was acetonitrile containing 0.1% formic acid. The flow rate was 100 µL per minute. The gradient (min/% B) was 0/5, 5/15, 15/15, 30/35, 32/50, 33/5, and 40/5.

Supplementary Methods S4. LTQ-XL targeted MS/MS analysis
Tandem mass spectrometry was performed using a Thermo Scientific LTQ XL linear ion-trap mass spectrometer operated in positive electrospray ionization mode. Source parameters were: sheath-gas flow, 12 arbitrary units; auxiliary-gas flow, 1 arbitrary unit; sweep-gas flow, 1 arbitrary unit; spray voltage, 5.00 kV; capillary temperature, 275 °C; capillary voltage, 39 V; and tube-lens voltage, 110 V. The observed spray current was approximately 5.06 µA. Collision-induced dissociation used an activation q value of 0.250, an activation time of 30 ms, and an isolation width of 1.5 m/z. The four-event targeted cycle was repeated continuously across the chromatographic elution window.
Supplementary Table S2. LTQ-XL targeted MS/MS acquisition parameters used for analysis of archaeological samples.

	Compound
	Precursor ion
(m/z)
	Normalized collision energy
(%)
	Product-ion scan range
(m/z)
	Diagnostic product ion
(m/z)

	Vitisin A
	561.16
	20
	150–600
	399.17

	Vitisin B
	517.16
	35
	140–600
	355.08

	Mv3G
	493.16
	35
	135–600
	331.10

	Daidzin
	417.00
	35
	110–600
	255.0


Note. All analytes were acquired in ITMS normal-scan mode under positive polarity. Product-ion spectra, rather than selected-reaction-monitoring traces, were acquired for each targeted precursor.

Supplementary Table S3. LTQ-XL MS³ conditions and major product ions observed for malvidin-3-O-glucoside, vitisin A, and vitisin B.

	Compound
	MS³ sequence
(m/z)
	CID energy
first/second stage (%)
	MS³ scan range
(m/z)
	Major MS³ product ions
(m/z)

	Mv3G
	493.10 → 331.10
	35/31
	90–700
	316.25, 299.08, 287.00, 270.08

	Vitisin A
	561.10 → 399.10
	25/35
	105–600
	384.08, 367.08, 338.17

	Vitisin B
	517.00 → 355.00
	30/35
	95–700
	339.00, 295.25, 265.58, 239.92, 201.92


Note. Values were transcribed from the corresponding LTQ-XL MS³ spectra. Product ions are listed as observed and are not assigned to specific neutral losses or cleavage pathways.

Supplementary Table S4. Recovery of anthocyanin and pyranoanthocyanin reference compounds from pottery powder following the optimized extraction protocol.

	Compound
	Mean recovery (%)
	CV (%)

	Vitisin A
	82.8
	4.7

	Vitisin B
	81.8
	10.8

	Mv3G
	108.0
	2.9


Note. Mean recoveries were determined from three independent replicate extractions (n = 3) of powdered pottery samples spiked with reference compounds prior to extraction. Archaeological samples and spiked pottery samples were extracted twice using methanol/water/hydrochloric acid (50:50:0.1, v/v/v), with 5 mL used for the first extraction and 3 mL for the second. The pooled supernatants were dried and reconstituted in methanol/water/formic acid (95:5:0.1, v/v/v) before LC–MS/MS analysis. Recoveries were calculated by comparing the peak areas of extracted spiked samples with those of the spike prepared in solvent and analyzed under identical instrumental conditions. The coefficient of variation (CV) is reported as a measure of method repeatability. The apparent recovery of 108% for malvidin-3-O-glucoside likely reflects matrix-induced enhancement of the LC–MS/MS response relative to the solvent-prepared reference solution.
