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Abstract: Vaccinium uliginosum L. fruits are rich in anthocyanins and possess significant development value, however, systematic studies
on their anthocyanin profiles remains limited. In this study, anthocyanins from V. uliginosum L. fruits were isolated, purified, and structurally
characterized, and their antioxidant activities as well as structure—activity relationships were systematically evaluated. Using 0.1% hydrochloric
acid aqueous solution for extraction, followed by macroporous resin column chromatography, Sephadex LH-20 gel column chromatography,
and preparative high-performance liquid chromatography, seven anthocyanin monomers were isolated from V. uliginosum L. fruits, among
which compounds 1, 3, 5, 6, and 7 are reported from this plant for the first time. The antioxidant evaluation results showed that in both DPPH
and ABTS radical scavenging assays, all tested anthocyanins exhibited significantly higher activities than the positive control vitamin C (Vc). In
the reducing power assay, the reducing capacities of all anthocyanins and V¢ increased with increasing concentration; at 200 pmol-L™,
compound 2 showed the highest absorbance, while V¢ exhibited a value of 0.33, comparable to those of compounds 5 and 7, which also
demonstrated strong reducing power. Structure—activity relationship analysis indicated that the ortho-dihydroxyl moiety on the B-ring is the key
structural feature responsible for high antioxidant activity, with compounds 2 and 3 (containing this moiety) exhibiting the strongest activities,
followed by compound 7 (bearing a trihydroxy B-ring), whereas methoxylation or mono-hydroxyl substitution led to decreased activity. This
study reveals the chemical diversity of anthocyanins from V. uliginosum L. fruits and the structure—activity rules governing their antioxidant
properties, thereby providing a theoretical basis for their development as natural antioxidants and high-value-added products.
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Fig.1 High performance liquid chromatography spectrum of compound 1
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Fig.2 Flow diagram of anthocyanins extraction and separation from Vaccinium uliginosum L. fruits
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&M 1: K AR . ESI-MS:535[M]*. *H NMR (600 MHz, CD;OD-TFA-d; (19:1, V/V)) 6 8.89 (1H, s, H-4), 8.22
(1H, d, J = 8.6 Hz, H-6"), 7.97 (1H, brs, H-2), 6.97 (1H, d, J = 8.6 Hz, H-5"), 6.86 (1H, s, H-8), 6.67 (1H, s, H-6), 5.22 (1H,
d, J = 7.8 Hz, Glc-H-1), 457 (1H, d, J = 11.5 Hz, Glc-H-6a), 4.30 (1H, dd, J = 11.5, 7.4 Hz, Glc-H-6b), 3.82 (1H,t, J=8.3
Hz, Glc-H-5), 3.68 (1H, t, J = 8.3 Hz, Glc-H-2), 3.56 (1H, t, J = 8.3 Hz, Glc-H-3), 3.44 (1H, t, J = 8.3 Hz, Glc-H-4), 3.42
(2H, s, malonyl-H-2); ®*C NMR (150 MHz, CD;0OD-TFA-d; (19:1, VV)) & 170.6 (C-7), 170.2 (malonyl-C-3), 168.7
(malonyl-C-1), 164.1 (C-2), 159.1 (C-5), 157.7 (C-9), 155.8 (C-4), 147.4 (C-3), 145.5 (C-3), 136.7 (C-4), 128.4 (C-6),
121.1 (C-1), 118.3 (C-2), 117.4 (C-5), 113.2 (C-10), 103.6 (Glc-C-1), 103.5 (C-6), 95.3 (C-8), 77.9 (Glc-C-3), 76.0
(Glc-C-5), 74.6 (Glc-C-2), 71.3 (Glc-C-4), 65.5 (Glc-C-6), 41.8 (malonyl-C-2). LA F¥i¥ 5 kPR A —80, Wik
SEGN AR T4 3:-3-0-(6-TH Bt A1 HE ).

AW 2: LKA . ESI-MS:449[M]*. *H NMR (600 MHz, CD;0D-TFA-d; (19:1, VIV)) & 8.99 (1H, s, H-4), 8.22
(1H, dd, J = 8.7, 2.3 Hz, H-6), 8.01 (1H, d, J = 2.3 Hz, H-2)), 6.98 (1H, d, J = 8.7 Hz, H-5), 6.86 (1H, d, J = 1.9 Hz, H-8),
6.65 (1H, d, J = 1.9 Hz, H-6), 5.29 (1H, d, J = 8.0 Hz, Glc-H-1), 3.94 (1H, dd, J = 12.1, 2.1 Hz, Glc-H-6a), 3.74 (1H, dd, J
=12.1, 5.9 Hz, Glc-H-6b), 3.69 (1H, t, J =8.0 Hz, Glc-H-2), 3.59 (1H, m, Glc-H-5), 3.56 (1H, m, Glc-H-3),3.47 (1H,t,J =
9.2 Hz, Gle-H-4); *C NMR (150 MHz, CD;0D-TFA-d; (19:1, VIV)) & 170.5 (C-7), 163.9 (C-2), 159.2 (C-5), 157.5 (C-9),
155.8 (C-4), 147.3 (C-3)), 145.6 (C-3), 136.6 (C-4), 128.3 (C-6), 121.1 (C-1), 118.3 (C-2), 117.4 (C-5, 113.3 (C-10),
103.7 (Glc-C-1), 103.4 (C-6), 95.1 (C-8), 78.8(Glc-C-5), 78.1 (Glc-C-3), 74.8 (Glc-C-2), 71.1 (Glc-C-4), 62.3 (Glc-C-6).
DA Ht S0P R R A — B, SRR AR A R -3- O B

& 3: LA . ESI-MS:611[M]". *H NMR (600 MHz, CD;OD-TFA-d; (19:1, V/V)) 5 8.87 (1H, s, H-4), 7.75
(2H, s, H-2', 6, 6.86 (1H, s, H-8), 6.67 (1H, s, H-6), 5.30 (1H, d, J = 7.7 Hz, Glc-H-1), 4.66 (1H, s, Rham-H-1), 4.07 (1H,
d, J = 10.8 Hz, Glc-H-6a), 3.81 (1H, brs, Rham-H-2), 3.73 (1H, m, Glc-H-2), 3.71 (1H, m, Rham-H-3), 3.63 (1H, m,
Glc-H-6b), 3.61 (1H, m, Glc-H-3), 3.59 (1H, m, Rham-H-5), 3.56 (1H, m, Glc-H-5), 3.44 (1H, t, J = 9.4 Hz, Glc-H-4),
3.34 (1H, t, J = 9.1 Hz, Rham-H-4), 1.15 (3H, d, J = 6.1 Hz, Rham-H-6); *C NMR (150 MHz, CD;OD-TFA-d; (19:1,
VIV)) & 170.3 (C-7), 163.9 (C-2), 158.8 (C-5), 157.5 (C-9), 147.5 (C-3', 5'), 145.8 (C-3), 144.8 (C-4), 135.4 (C-4), 120.0
(C-17, 113.1 (C-10), 112.7 (C-2, 6'), 103.4 (Glc-C-1), 103.2 (C-6), 102.2 (Rham-C-1), 95.1 (C-8), 77.9 (Glc-C-4), 77.4
(Gle-C-3), 74.7 (Glc-C-2), 73.9 (Rham-C-3), 72.4 (Glc-C-5), 71.8 (Rham-C-4), 71.2 (Rham-C-2), 69.7 (Rham-C-5), 17.8
(Rham-C-6). LA L%t 5 3CkPHRIE R A — 30, #EEiZ AYIN K R -3-O- 25 b

AW 4: LT A . ESI-MS:463[M]*. *H NMR (600 MHz, CD;OD-TFA-d; (19:1, V/V)) 5 9.06 (1H, s, H-4), 8.26
(1H, dd, J = 8.6, 1.8 Hz, H-6"), 8.24 (1H, d, J = 1.8 Hz, H-2), 7.07 (1H, d, J = 8.6 Hz, H-5), 6.95 (1H, s, H-8), 6.69 (1H, s,
H-6), 5.34 (1H, d, J = 7.7 Hz, Glc-H-1), 4.04 (3H, s, -OCH3), 3.95 (1H, dd, J = 12.2, 1.8 Hz, Glc-H-6a), 3.74 (1H, dd, J =
12.2, 6.2 Hz, Glc-H-6b), 3.68 (1H, t, J = 8.8 Hz, Glc-H-2), 3.59 (2H, m, Glc-H-3, 5), 3.46 (1H, t, = 9.4 Hz, Glc-H-4); ©*C
NMR (150 MHz, CD;0OD-TFA-d; (19:1, VIV)) & 170.8 (C-7), 164.1 (C-2), 159.4 (C-5), 157.9 (C-9), 156.5 (C-4), 149.5
(C-3), 145.6 (C-3), 137.3 (C-4), 128.9 (C-6"), 121.1 (C-1), 117.6 (C-5, 115.2 (C-2), 113.6 (C-10), 103.8 (Glc-C-1), 103.4
(C-6), 95.3 (C-8), 78.9 (Glc-C-5), 78.2 (Glc-C-3), 74.9 (Glc-C-2), 71.2 (Glc-C-4), 62.4 (Glc-C-6). L #5324
TEREAR—E, MBI 2t R-3-O- G B .

&) 5: kK. ESI-MS:433[M]". *H NMR (600 MHz, CD;0D-TFA-d; (19:1, VIV)) § 9.05 (1H, s, H-4), 8.57
(2H, d, J = 8.6 Hz, H-2', 6), 7.02 (2H, d, J = 8.6 Hz, H-3', 5), 6.90 (1H, s, H-8), 6.65 (1H, s, H-6), 5.27 (1H, d, J = 7.7 Hz,
Glc-H-1), 3.92 (1H, d, J = 11.8 Hz, Glc-H-6a), 3.71 (1H, dd, J = 11.8, 5.9 Hz, Glc-H-6b), 3.64 (1H, t, J = 8.5 Hz, Glc-H-2),
3.54 (2H, m, Glc-H-3, 5), 3.43 (1H, t, J = 9.2 Hz, Glc-H-4); *C NMR (150 MHz, CD;OD-TFA-d; (19:1, VIV)) 5 170.8
(C-7), 166.6 (C-2), 164.5 (C-5), 159.4 (C-9), 157.9 (C-4), 145.4 (C-3), 137.7 (C-4), 135.7 (C-2', 6'), 120.8 (C-1'), 117.8
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(C-3, 5", 113.6 (C-10), 103.9 (Glc-C-1), 103.4 (C-6), 95.2 (C-8), 78.8 (Glc-C-5), 78.2 (Glc-C-3), 74.8 (Glc-C-2), 71.1
(Glc-C-4), 62.4 (Glc-C-6). A% 5 S0P HRIGIEA — B, % S YA R 26K -3-O- M GIHET .

&M 6: LTaK A . ESI-MS:597[M]*. *H NMR (600 MHz, CD;OD-TFA-d; (19:1, V/V)) 6 8.86 (1H, s, H-4), 7.73
(2H, s, H2', 6), 6.83 (1H, s, H-8), 6.63 (1H, s, H-6), 5.47 (1H, d, J = 7.6 Hz, Glc-H-1), 4.70 (1H, d, J = 7.6 Hz, Xyl-H-1),
4.00 (1H, t,J = 8.7 Hz, Glc-H-2), 3.93 (1H, dd, J = 12.1, 1.9 Hz, Glc-H-6a), 3.79 (1H, t, J = 9.0 Hz, Glc-H-3), 3.76 (1H, dd,
J=12.1, 5.6 Hz, Glc-H-6b), 3.62 (1H, m, Xyl-H-5a), 3.60 (1H, m, Glc-H-5), 3.53 (1H, t, J = 9.4 Hz, Glc-H-4), 3.37 (1H,
m, Xyl-H-4), 3.29 (1H, t, J = 8.9 Hz, Xyl-H-3), 2.98 (1H, t, J = 11.0 Hz, Xyl-H-5b); *C NMR (150 MHz, CD;0D-TFA-d;
(19:1, VIV)) & 170.3 (C-7), 163.9 (C-2), 159.1 (C-5), 157.4 (C-9), 147.5 (C-3', 5'), 145.4 (C-3), 144.7 (C-4"), 135.3 (C-4),
120.0 (C-1Y, 113.0 (C-10), 112.7 (C-2, 6, 106.1 (Xyl-C-1), 103.3 (C-6), 101.6 (Glc-C-1), 95.0 (C-8), 82.6 (Glc-C-2), 78.6
(Glc-C-5), 78.0 (Glc-C-3), 77.7 (Xyl-C-3), 75.8 (Xyl-C-2), 70.8 (Xyl-C-4), 70.7 (Glc-C-4), 67.1 (Xyl-C-5), 62.2
(Glc-C-6). LA L-Hieifi 5 SrikPNRIE A5, #% E %Ab AN (HE H2K-3-O- S A WURE .

AW 7: ¥ K . ESI-MS: 581 [M]*. 'H NMR (600 MHz, CD;0OD-TFA-d; (19:1, V/V)) & 8.86 (1H, s, H-4), 8.20
(1H, dd, J = 8.6, 1.9 Hz, H-6"), 7.92 (1H, d, J = 1.9 Hz, H-2)), 6.93 (1H, d, J = 8.6 Hz, H-5), 6.82 (1H, s, H-8), 6.61 (1H, s,
H-6), 5.43 (1H, d, J = 7.6 Hz, Glc-H-1), 4.79 (1H, d, J = 7.7 Hz, Xyl-H-1), 3.97 (1H, t, J = 8.7 Hz, Glc-H-2), 3.95 (1H, m,
Glc-H-6a), 3.81 (1H, t, J = 9.0 Hz, Glc-H-3), 3.77 (1H, m, Glc-H-6b), 3.73 (1H, m, Xyl-H-5a), 3.62 (1H, m, Glc-H-5),
3.53 (1H, t, J = 9.4 Hz, Glc-H-4), 3.44 (1H, m, Xyl-H-4), 3.33 (1H, t, J = 9.1 Hz, Xyl-H-3), 3.20 (1H, t, J = 8.0 Hz,
Xyl-H-2), 3.09 (1H, t, J = 10.9 Hz, Xyl-H-5b); *C NMR (150 MHz, CD;0D-TFA-d; (19:1, V/V)) § 170.3 (C-7), 163.6
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