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Detailed materials and methods for flavonoid purification, identification, and HPLC analyses
Flower extracts and flavonoids
Flavonoids were purified from fresh yellow dahlia flowers (Dahlia pinnata). Fresh petals were macerated in 96% ethanol (EtOH) at room temperature for 18 h, then the extract was filtered and stored at -18°C. A sub-sample of this extract was rotary-evaporated to dryness (35°C) to give a yellow oily gum. This was bound onto C18 (octadecyl-functionalised silica gel, Aldrich) and subjected to reversed phase (RP) chromatography using a prepacked C18 column (Isolute) which had been preconditioned with EtOH, EtOH:H2O (1:1), and H2O. This column was developed using H2O (4 column volumes, 1 cv = 15 mL); 1:9, 1:4, and 3:7 EtOH:H2O (2 cv fractions each); 2:3 EtOH:H2O (6 cv fractions); 1:1 EtOH:H2O and EtOH (2 cv fractions each). Flavonoid-rich orange fractions eluted with 2:3 EtOH:H2O were subjected to preparative HPLC (see below). Sulfuretin, luteolin, butein, apigenin, diosmetin, isoliquiritigenin, and 4-O-methylbutein were identified by comparing 1H NMR spectra with literature data (Supplementary Table S1) and by 2D NMR when needed.
Flavonoid glycosides were purified for identification from freeze-dried yellow dahlia petals. Dried petals were finely ground and extracted overnight in 96% EtOH, then the extract was filtered (sintered funnel, porosity no 1) and evaporated to dryness (35 °C) to give a yellow oily gum. This was bound onto C18 and subjected to RP chromatography on a prepacked C18 column preconditioned as above. This column was developed as above, except that 1 cv = 10 mL. Fractions 7 and 8 (30 mg) eluted with 3:7 EtOH:H2O were subjected to preparative HPLC (see below). Butein 4’-glucoside and isoliquiritigenin 4’-glucoside (Supplementary Fig. S3) were identified by comparing 1H NMR spectra with literature data (Supplementary Table S1) and by 2D NMR.
The extract used in the mouse trials was also prepared from fresh dahlia flowers grown in Southland (New Zealand). 1H NMR showed that glucose was the main component in this extract. HPLC analyses (see below) showed the flavonoid compositions (Supplementary Table S2).
For mouse trials of pure flavonoids and mixtures, commercial samples of butein (Sigma-Aldrich, purity 98%) and isoliquiritigenin (AK Scientific 97%) were used. Sulfuretin was purified from dahlia extract as above (purity >98% by HPLC and 1H NMR analyses). 
The extract used in the human trial was prepared as follows. Fresh petals were removed from flowerheads and freeze-dried, then extracted with 1:1 w/w EtOH:H2O (previously sparged with O2-free N2), by maceration in the dark at 20−25°C for 48 h. The petals were then removed from the extract, which was rotary evaporated to remove most of the EtOH, then blended with microcrystalline cellulose (MCC). The resulting slurry was freeze-dried to produce a slightly sticky friable yellow powder. The powder was packed into Vege-caps at different dose levels based on total extract weight per capsule (Supplementary Table S2). Different doses were made by further blending the powder-extract mix with more MCC. The capsules were hand-packed using the Cap-M-Quik filler machine (Empty Caps Company, Ca, USA). Capsules were then stored at -20°C in sterile plastic containers flushed with O2-free N2, in vacuum-sealed foil laminate bags. HPLC analyses (see below) showed the yellow flavonoid compositions given in Supplementary Table S2.

HPLC analysis
Analytical reversed phase HPLC was carried out using an Agilent HP1100 instrument, controlled with Agilent OpenLab software, at 20°C on a C18 column (Phenomenex Luna ODS(3) 5 μm 100 Å 150 x 3 mm) with a 2 x 4 mm C18 guard column. The sample solution injection volume was 5 µL, mobile phase flow rate was 0.5 mL/min of MeCN and H2O, both with 0.1% formic acid. The solvent program was linear, from 10% MeCN to 100% MeCN over 12.5 min, 2.5 min hold, then back to 10% MeCN over 1 min, 4 min hold before the next injection. Peaks were detected at 206 nm, 262 nm, 348 nm, and 382 nm, and UV spectra were recorded from 190 nm to 600 nm using a diode array detector. Quantitative analyses (Supplementary Table S2) used 382 nm detection with response factors (Supplementary Table S1) determined by injections of purified compounds at several concentrations.
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Supplementary Figure S1 The dahlia extract did not lead to hypoglycemia in healthy mice. C57BL/6 mice were fed the LFD for 4 weeks and treated with the extract orally (10 mg/kg) 1 h before an intraperitoneal glucose tolerance test (ipGTT). ipGTT blood glucose response curve (left panel) and corresponding AUC (right panel; n = 6). Data are represented as the mean ± SEM.
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	[bookmark: _Hlk78541162][bookmark: _Hlk78541971]Supplementary Figure S2 Liver morphology and lipids after long-term extract treatment. The extract (10 mg/kg) was administered orally once daily for 5 weeks. H&E staining was performed to visualize hepatic architecture, and ORO staining was performed to visualize lipids in liver sections (n = 7−10). Scale bar = 100 μm.
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	Supplementary Figure S3 Structures of flavonoids purified from dahlia flowers.










	Supplementary Table S1 HPLC retention times, UV/Vis response factors, and references for flavonoids purified from dahlia flowers.
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ND = Not detected. bStructures in Supplementary Fig S2.
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	Supplementary Table S2 Flavonoid contents of fresh dahlia flower extract used in mouse trials and those of capsules used in human clinical trial.
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aMean (Standard Deviation) for three analyses. bND = Not detected.
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Table S1. HPLC retention times, UV/Vis response factors and references for
flavonoids purified from dahlia flowers.

Compound RPLC Retention  Response Factor NMR DELE]

[CAS Registry Number] (min) at382nm (x 10°)  Reference Reference
B“tei”[gi;;‘i’;;deb'c 3 7.0 ND? (32) (33)
\soliquir'\[t;ggelnzirz\f;;;;;lcoside 4 76 ND? 34) 33)
Sﬁgg'g;‘g]ﬁ 8.1 30.1 (35) 33)
[L[l“gtff’;l;;] 8.4 16.3 (36) 37)
‘?‘S’izg;';i;;? 9.2 47 (39) 37)
D"E’;;'f;‘g]“ 9.4 ND (low yield) (40) (41)
'”'Egg‘{';gi}'” 7 9.8 474 (@2) (38)
A'O["l\f')itzhayéb;’;:‘” 8 10.0 53.2 (43) (44)
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Table S2. Flavonoid contents of fresh dahlia flower extract used in mice trials,
and of capsules used in human clinical trial.

Fresh flower Capsule 5 mg Capsule 20 mg Capsule 50 mg
Compound extract (mg/g dry extract extract extract
extract) (mg/capsule)® (mg/capsule)® (mg/capsule)®
Sulfuretin 35 0.14 (0.02) 0.52 (0.02) 1.15 (0.04)
Butein 18 0.25 (0.02) 0.96 (0.04) 2,12 (0.08)
Isoliquiritigenin 23 0.15 (0.02) 0.58 (0.03) 1.29 (0.05)
Butein glucoside 0.5 ND® ND® ND®
Isollqulnt.lgemn 15 ND® ND® ND®
glucoside
Luteolin 6 NDP ND® ND®
Apigenin 60 ND® ND® ND®
4-0-Methyl 9 NDb NDb NDb

butein
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Fig. S2. Chronic administration of the extract did not affect liver morphology, liver
fat content or liver weight. The extract (10 mg/kg) was administered orally once daily for
5 weeks. H&E staining was performed to visualize hepatic architecture, ORO staining to
visualize lipid in liver sections (n=7-10). Scale bar=100pm
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Fig. S1. Structures of flavonoids purified from dahlia flowers.





