Table S1: Weekly food intake of STD- and CAF-fed rats treated at ZT0 or ZT12 with VH or 25 mg/kg b.w. GSPE expressed in g/day and kcal/day.

Week 1 Week 2 Week 3 Week 4 Week 5 Treatment Week 6 Week 7 Week 8 Week 9
ZT0-STD-VH 25.56 +1.58 25.53 +1.33 2591 +5.25 2434 +1.24
STD 26.64 +1.74 26.13+2.15 25.13 +1.74 25.14 +2.16 25.08 +1.62
ZT12-STD-VH 26.26 +1.11 25.26 +2.09 23.49 +1.53 25.15+1.94
Food intake ZT0-CAF-VH 62.85 +10.95+ 55.03+7.17++ 57.83+7.96** 45.19 +14.72+
(g/day) ZT0-CAF-GSPE 56.84 +11.63 47.85 +8.24 58.39 +12.2 52.68 +11.7
CAF  68.22 +9.47++ 64.19 £ 15.61* 62.76 +11.69+ 64.66 +17.03*+ 57.69 + 14.55*+
ZT12-CAF-VH 63.09 +9.22++ 54.7 +13.08+ 58.33 +16.337 57.14 +17.78+
ZT12-CAF-GSPE 61.54 + 8.64 53.22 +3.4 68.35 +15.65 49.95 +10.55
ZT0-STD-VH 79.23+4.9 79.15+4.12 80.31 +16.28 70.4 +12.83
STD 82.59 +5.41 80.99 + 6.68 77.9 +5.38 7795 +6.71 77.73 +5.04
ZT12-STD-VH 81.41 +3.44 78.31 + 6.48 72.81+4.76 77.95 + 6.00
Food intake ZT0-CAF-VH 302.76 £ 78.67++ 248.95 + 32.08*+ 262.8 +29.77++ 202.12 + 67.11++
(kcal/day) ZT0-CAF-GSPE 278.87 +51.05 226.42 +31.87 280.49 +61.03 246.98 +47.69

CAF 332.87 £40.79 306.64 +77.12*+ 286.98 + 55.24 302.86 + 84.24++ 270.07 +75.49+*

ZT12-CAF-VH  296.22 +24.37++ 246.08 + 32.45* 274.02 + 76.98*+ 256.17 + 86.1++
ZT12-CAF-GSPE  294.41 +38.72 2492 +35.14  332.11+83.99 227.1+64.89
Values are expressed as the mean + SD. (1 = 32 and 64 for STD and CAF-fed rats before treatment, respectively; 16 for each experimental group). + indicates significant differences
(p < 0.05) by diet effect (STD-VH vs. CAF-VH) for each ZT treatment; ++ indicates p < 0.01; +++ indicates p < 0.001. using Student’s t-test. STD, rats fed a Standard diet; CAF, rats
fed a Cafeteria diet; VH, rats administered vehicle; GSPE, rats administered 25 mg/kg b.w. grape seed proanthocyanidin extract.




Table S2: Liver antioxidant-related parameters of STD- and CAF-fed rats treated at ZT0 or ZT12 with VH or 25 mg/kg b.w. GSPE.

Sod Catalase GPx1 GSH Thiols
(U/mg protein) (U/mg protein) (mU/mg protein) (nmol/g fresh tissue) (nmol SH/mg protein)
STD-VH 10.2 (9.6 - 10.56) 711.22 (652.19 - 766.62) ~ 2078.03 (2070.86 - 2084.15)  3133.74 (3018.57 - 3238.67) 119,39 (107,89 - 125,92)
ZT1  CAF-VH 11.72(11.31-11.86)  720.95 (710.18 - 745.11)  2105.57 (1844.87 - 2342.46) 1997 (1958.18-1998.1)$ 86,52 (84,91 - 87,22)
CAF-GSPE  9.59 (9.4 - 10.07) 628.31 (604.98 - 649.96) #  1346.45 (1275.91 - 1589.75)  2054.13 (1640.3 - 2179.92) 88,17 (82,54 - 104,24)
STD-VH 9.42 (9.3 -9.63) 661.04 (644.7 - 694.23) 2019.01 (1856.61 - 2234.34)  3038.34 (2824.1 - 3093.92) 104,3 (85,96 - 116,88)
ZT7 CAF-VH 10.54 (10.27-10.84) + 721.21 (657.94 - 776.14)  1406.69 (1357.37 - 1520.52) + 2274.96 (1542.43 - 3048.87) 108,15 (95,58 - 122,49)
770 CAF-GSPE  9.87(9.73-9.96) # 664.39 (642.27 - 716.37) 1619.85 (1372 - 1891.11) 2095.88 (1794.39 - 2439.39) 111,01 (100,52 - 120,92)
STD-VH  13.54 (12.73-14.35)  722.29 (714.74 - 741.37) 2494.94 (2360.49 - 2603.32)  2204.43 (2147.76 - 2352.55) 83,76 (80,13 - 87,12)
ZT13 CAF-VH 14.76 (14.05-15.03)  724.02 (700.86 - 751.46) 2013.04 (1918.87 - 2084.62)  1999.65 (1633.34 - 2344.42) 80,4 (75,58 - 90,36)
CAF-GSPE 15.84 (14.54-17.13) 714.77 (686.64 - 759.4) 2286.9 (2108.09 - 2372.41)  1599.94 (1360.02 - 1797.15) 89,94 (82,09 - 101,64)
STD-VH  13.11 (12.26 - 13.9) 724.14 (695 - 748.1) 2496.15 (2365.07 - 2599.67)  2090.91 (1926.46 - 2198.96) 82,75 (75,51 - 90,19)
ZT19 CAF-VH 12.63(12.62-12.73)  683.05 (666.55 - 698.16) ~ 2037.15 (1891.08 - 2191.33)  1862.03 (1633.61 - 2033.14) 84,94 (82,21 - 87,68)
CAF-GSPE 13.55(13.06 - 14.21)  650.33 (634.68 - 670.51)  1985.89 (1736.22 - 2334.58)  1494.99 (1348.16 - 1557.59) 79,3 (74,43 - 83,48)
STD-VH  10.47 (9.67 - 11.64) 721.88 (698.81 - 744.46) 2296.09 (2051.23 - 2441.45)  2758.19 (2320.37 - 3036.7) 109,61 (108,9 - 109,76)
ZT1 CAF-VH 1098 (10.31-11.78)  722.19 (717.64 - 726.22) 1686.36 (1617.97 - 1813.18)  2414.3 (2244.1 - 2504.21) 128,37 (116,54 - 139,57) $
CAF-GSPE 10.3 (10.19 - 10.54) 690.53 (652.68 - 736.07) 1710.86 (1607.78 - 1861.59) 2178.28 (2069.23 - 2416.68) 134,64 (121,78 - 142,2)
STD-VH 10.78 (10.11-11.62)  725.53 (694.97 - 742.9) 2296.89 (2125.45 - 2540.07)  3033.77 (2951.82 - 3291.03)  121,5 (114,14 - 133,98)
Z17 CAF-VH 11.13 (10.91 - 11.41) 714.08 (655.4 - 791.33) 1833.63 (1664.38 - 1920.8) + 2365.05 (1974.57 - 2648.96) $ 130,15 (123,49 - 134,42)
7T12 CAF-GSPE 10.98 (10.89 - 11.13) 763.3 (741.18 - 773.68) 1843.94 (1698.48 - 1876.91)  2029.77 (1741.65 - 2171.23) 122,96 (114,16 - 131,93)
STD-VH  13.76 (13.43 - 13.89) 662.92 (647.56 - 701.2) 2465.76 (2382.33 - 2553.05)  1812.39 (1800.34 - 1887.77) 91,02 (78,07 - 104,6)
ZT13 CAF-VH 12.04 (11.36 - 12.91) 659.39 (644.3 - 674.92) 1700.94 (1512.93 - 1882.4) + 1948.27 (1842.69 - 2090.95) 86,64 (83,22 - 89,49)
CAF-GSPE 11.16 (10.87-11.78)  652.89 (644.57 - 662.34) 1816.09 (1496.1 - 2108.56)  1888.86 (1682.44 - 2074.02) 88,05 (77,49 - 100,42)
STD-VH  13.1 (12.17 - 13.76) 670.24 (651.74 - 690.47) 2344.17 (2107.79 - 2515.45)  2197.5 (1989.25 - 2420.08) 89,77 (84,25 - 94,12)
ZT19 CAF-VH 1298 (12.78-13.84)  634.82 (622.26 - 650.85) 1767.47 (1716.32 - 1942.78)  1649.22 (1311.65 - 2059.42) 78,96 (76,32 - 83,3)
CAF-GSPE 12.79 (12.66 - 12.97)  676.69 (638.55 - 708.27) 1790.95 (1497.62 - 2021.91)  1468.53 (1342.59 - 1606.33) 90,13 (89,53 - 90,84)

Values are expressed as the median (Q1-Q3), (n =3 - 4) for ZT0 and ZT12 conditions. + indicates significant differences (p < 0.05) by diet effect (STD-VH vs. CAF-VH), $ indicates
tendency (0.1 > p > 0.05) by diet effect; # tendency (0.1 > p > 0.05) by treatment effect (CAF-VH vs. CAF-GSPE) using Mann-Whitney U test. STD, rats fed a Standard diet; CAF,
rats fed a Cafeteria diet; VH, rats administered vehicle; GSPE, rats administered 25 mg/kg b.w. grape seed proanthocyanidin extract.



Table S3: Antioxidant-related metabolites in ZT0-treated rats expressed in arbitrary units.

ZT1 zT7 ZT13 ZT19 STD-VH CAF-VH CAF-GSPE
ZT1 7717 ZT13 77119 p-value
Metabolite p-value p-value p-value p-value p-value p-value p-value
STD-VH  CAF-VH  CAF-GSPE STD-VH  CAF-VH CAF-GSPE STD-VH CAF-VH  CAF-GSPE STD-VH  CAF-VH CAF-GSPE
0.92(0.56- 3.98(3.88-  4.36(4.26 - 0.86 (0.81- 1.25(1.05- 2.07 (1.62- 123 (0.62- 552(527- 3.98(3.65- 239 (2.18- 4.11(393- 5.02(4.12-
2-Hydroxybutyric Acid 0.140 0.007 0.018  0.687 0.005 0.031 0.000
2.04) 4.08) 4.38)# 0.97) 1.72)$ 257) 2.07) 6.67)+ 4.18) 248) 42)+ 5.8)
192(1.68- 25(242- 225(2.21- 241(1.74- 271(26- 3.34(3.06- 2.01(1.87- 325(3.02- 2.63(2.35- 218 (2.08- 259 (241- 3.12(291-
2-Hydroxyisobutyric Acid 0.076 0.276 0.049 0.174  0.867 0.148 0.433 0.034
2.13) 2.56)+ 2.88) 2.94) 2.91) 3.51) 2.15) 3.46)+ 3.04) 2.32) 2.85)$ 3.36)
3-Hydroxybutyric Acid - 17 (11.59 - 47.06 (37.19 - 53.22 (48.36 - 17.09 (14.47 - 15.08 (11.73 29.47 (23.75 - 25.85(8.87 - 47.55 (44.03 - 44.73 (39.42 - 34.98 (34 - 34.09 (24.41 - 51.45 (42.56 -
0.492 0.841 0.077 0.309  0.205 0.041 0.162 0.044
3-Hydroxyisobutyric Acid  30.45) 58.6) 55.43) 20.31) - 18.66) 31.54) 42.88) 55.37)$ 46.77) 36.27) 44.63) 66.58)
4-Hydroxyphenyllactic 43.6 (42.67 76.67 (67.36 - 34.19 (24.71 - 38.93 (32.98 - 31.91 (23.1 - 23.09 (13.19 - 22.36 (16.26 - 28.55 (25.55 - 30.88 (29.71 - 36.15 (32.84 - 33.07 (26.55 - 27.1 (24.31 -
0.115 0.298 0.368 0.694  0.111 0.059 0.812 0.173
Acid -44.31) 87.66)+ 58.11) 52.03) 43.09) 44.11) 29.12) 34.27) 32.73) 36.95) 39.32) 34.38)
517 (4.68- 11.82 (844- 6.3 (4.99- 6.84 (5.87- 332(326- 4.9(4.07- 484(4.09- 611 (487- 6.86(533- 712 (6.63- 857 (6.08- 639 (5.51-
a-Ketoglutaric Acid 0.899 0.551 0.368 0.779  0.099 0.350 0.453 0.393
5.56) 15.11)+ 7.75) 7.39) 3.76)+ 5.54) 5.68) 7.94) 8.45) 7.42) 10.21) 7.86)
0.05(0.05- 0.04 (0.04-  0.03(0.03 - 0.03(0.02- 0.1(0.07- 0.06 (0.05 - 0.05(0.03-  0.08(0.07-  0.04 (0.03 - 0.05(0.05- 0.06 (0.05-  0.05(0.04 -
a-Tocopherol 0.268 0.013 0.197 0.551  0.162 0.042 0.287 0.017
0.05) 0.04) 0.04) 0.03) 0.12)+ 0.06) 0.06) 0.09)% 0.06) 0.05) 0.07) 0.05)
77.38 104.24
149.78 (128.85 70.63 (64.73 - 75.64 (69.51 - 50.44 (45.89 60.47 (46.99 - 69.23 (57.71 - 61.16 (52.83 - 90.54 (79.06 - 109.89 (95.24 - 89.06 (70.94 -
Citric Acid (67.36 - 0.041 0.472 0.981 (102.58 - 0.298  0.034 0.014 0.916 0.030
-183.72)+ 102.5)# 78.84) -52.92)+ 81.22) 73.45) 83.38) 99.76) 115.07) 103.78)
82.92) 106.04)
0.27(0.26- 0.34(0.28-  0.39 (0.34 - 0.26 (0.24- 0.29(0.29- 0.3 (0.29 - 0.26 (0.25 - 0.37 (0.35 - 0.24(0.21- 0.33(0.28- 0.36 (0.31 -
Dodecanoic Acid 0.260 0.025 0.3(0.3-0.3)+ 0.017 0.033  0.225 0.142 0.222 0.002
0.3) 0.38) 0.4) 0.28) 0.3) 0.31) 0.26) 0.37)* 0.27) 0.39)+ 0.4)
2.26 (1.69 - 2,64 (2.24 - 301(235- 2.09(1.73- 2.53(1.62- 221 (1.67- 26(15-  2.84(25- 264(201- 312(206- 3.19(1.87-
Fumaric Acid 4.49 (4.3-4.91) 0.920 0.874 0.874 0.694  0.750 0.734 0.784 0.979
3.36) 4.17) 3.65) 2.32) 3.82) 2.79) 3.32) 3.19) 3.28) 3.86) 4.43)
0.05(0.04- 0.04 (0.03-  0.03(0.03 - 0.05(0.05- 0.04 (0.03- 0.03 (0.02 - 0.05(0.05- 0.05(0.05-  0.04 (0.04 - 0.04 (0.04- 0.03 (0.02- 0.02(0.02-
Glucose-6-phosphate 0.302 0.089 0.119 0.017  0.954 0.104 0.261 0.010
0.06) 0.04) 0.03) 0.06) 0.04)+ 0.04) 0.05) 0.05) 0.04) 0.05) 0.03)+ 0.02)
9.01(7.87- 10.17 (9.37- 7.42(7.38 - 10.84 (9.62- 9.06 (8.36- 9.03 (7.92 - 9.13(7.66- 10.31 (94- 10.24(8.85- 10.27 (9.22- 10.68 (9.33- 8.09 (7.52-
Glutamic Acid 0.628 0.276 0.618 0.735  0.657 0.185 0.794 0.740
10.32) 10.7) 8.87) 11.89) 92) 10.17) 10.7) 11.43) 11.56) 11.76) 11.81) 10.06)
0.47(0.43- 0.34(0.31- 0.34(0.34- 0.38 (0.28 - 0.56 (0.48- 0.44 (0.39 - 054 (0.44- 034(0.28- 0.42(0.38 - 0.39 (0.38- 0.52(0.44- 0.57 (0.56 -
Glutamine 0.464 0.351 0.130 0.064  0.129 0.248 0.260 0.119
0.51) 0.35)+ 0.39) 043) 0.66) 0.54) 0.73) 045)$ 0.51) 0.39) 0.59) 0.59)
525(516- 524 (513- 4.89(4.85- 521 (4.94- 5.18(4.81- 4.97(4.67- 5.17 (4.96 - 4.85 (4.6 - 4.99 (4.92 - 499 (498- 5.07(483- 49(457-
Glycine 0.052 0.703 0.874 0.084  0.688 0.946 0.365 0.402
5.28) 5.39) 5.01)# 5.4) 5.54) 5.04) 5.29) 5.11) 5.06) 5.14) 5.33) 5.28)




711 z17 ZT13 ZT19 STD-VH CAF-VH CAF-GSPE
711 Yav ZT13 ZT19 p-value
Metabolite p-value p-value p-value p-value p-value p-value p-value
STD-VH  CAF-VH  CAF-GSPE STD-VH  CAF-VH CAF-GSPE STD-VH CAF-VH  CAF-GSPE STD-VH  CAF-VH CAF-GSPE
0.12(0.11- 0.15(0.14- 0.15(0.14 - 0.13(0.12- 0.14(0.13- 0.13(0.13 - 0.13(0.12- 0.14(0.13-  0.15(0.14 - 0.11(0.11- 0.14(0.14- 0.14(0.13 -
Glycolic Acid 0.584 0.471 0.874  0.892 0.897 0.982 0.958
0.13) 0.16)+ 0.16) 0.14) 0.15) 0.13) 0.13) 0.15) 0.17) 0.11) 0.15)$ 0.15)
4.13(398- 3.64(3.58-  3.58(3.56- 3.78(3.73- 441(422- 4.18(3.84- 3.73(3.58 - 3.13 (3.04 - 327(3.03- 3.45(2.83-
Isoleucine 0.066 3.3(3.02-3.7) 0.078 4 (3.82-4.07) 0.137 0491 0.840 0.192 0.056
4.18) 3.82) 3.69) 4.04) 4.75) 4.52) 3.21) 3.82) 3.98)
75.32
72.95 (68.72 - 70.28 (68.8 - 82.06 (79.41 - 77.38 (70.97 70.53 (66.12 - 84.27 (82.09 - 95.78 (90.35 - 73.19 (67.63 - 91.09 (87.7 - 76.33 (70.18 - 71.22 (64.4 -
Lactic acid (73.29 - 0.385 0.118 0.537  0.877 0.014 0.096 0.050
79.45) 74.97) 83.75) - 83.28) 74.81) 89.04) 97.79) 78.12)* 95.36) 82.36)+ 81.72)
76.59)
6.73(64- 6.13(5.64-  54(5.34- 6.08 (5.95- 7.55(7.03- 643 (6.13- 5.83(522- 545(5.29- 6.7(623- 5.69(5.22- 545 (471-
Leucine 0.913 6.62(6.31-7) 0.138 0.059 0.368 0216 0.138 0.904 0.221
6.87) 6.57) 5.78) 6.51) 8.03)$ 6.61) 6.49) 5.74) 6.86) 6.43) 6.29)
3.58(339- 327(3.09- 3.04(3.02- 337(314- 35(337- 34(334- 323(3.18- 298(2.84- 3.07 (2.94- 34(337- 297(29- 2.85(2.44-
Methionine 0.100 0.500 0.779 0.735  0.623 0.602 0.158 0.412
3.66) 3.44) 3.08) 3.59) 357) 342) 331) 3.15) 3.16) 341) 3.15) 33)
0.92(0.79- 0.81(0.75-  0.64 (0.64 - 0.98 (0.88- 0.84(0.71- 0.84(0.71 - 0.92(0.89- 0.88(0.86-  0.78 (0.69 - 0.94(0.92- 0.75(0.69-  0.64 (0.62-
myo-Inositol 0.181 0.643 0.537 0912 0.400 0.592 0.371 0.505
1) 0.85) 0.7) 1.11) 0.96) 0.93) 0.94) 0.89) 0.99) 1.03) 0.8)+ 0.71)
2.32(1.96- 1.63(1.52- 1.86(1.78- 1.88 (1.42- 2.24(1.86- 1.69(1.42- 26(196-  153(14- 1.92(1.72- 133(1.3- 146(1.14- 13(1.13-
Ornithine 0.230 0.432 0.637 0.025  0.061 0.334 0.538 0.076
2.96) 1.8)$ 2.06) 2.79) 2.86) 2.22) 3.15) 1.64)+ 2.07) 1.47) 1.88) 1.53)
3.86 (3.6 - 2.8(2.79 - 359(3.44- 394(3.78- 3.48(3.41- 3.62(3.43- 335(3.06- 3.09(291- 298(2.71- 3.07(29-
Phenylalanine 3.21 (3-3.46) 0.126 0.551 0.059 3.75(3.46 - 4) 0904  0.075 0.172 0.444 0.087
3.88 2.98) 3.93) 4.08) 3.58)* 3.75) 3.55) 3.27) 3.3) 3.18)
19.19 (17.3 21.9 (17.07 - 14.13 (14.07 - 25.16 (20.66 - 19.73 (17.9 - 18.1 (16.35 - 22.38 (20.47 - 28.63 (27.13 - 18.59 (15.79 - 2411 (24- 21.98 (19.97 - 17.25 (15.62 -
Pyruvic Acid 0.138 0.197 0.841  0.136 0.075 0.401 0.024
-19.73) 25.88) 17.02) 28.43) 23.18) 19.38) 24.03) 30.29)+ 22.43)* 25.02) 22.83)+ 20.41)
9.73(9.65- 12.1 (11.58 - 11.1(11- 8.61 (8.31- 12.78(11.04 11.89 (11.28 - 9.08 (8.93- 10.52(9.86- 12.98 (11.5- 9.25(8.86- 11.18(9.08- 11.01 (10.63 -
Serine 0.722 0.0 0.926 0.087  0.093 0.991 0.444 0.302
10.22) 13.77)+ 11.18)* 9.23) - 14.74)+ 12.66) 9.27) 11.64)+ 14.5) 9.62) 13.39) 12.5)
0.65(0.55- 0.49 (0.37-  0.67 (0.49 - 0.75(0.67 - 0.97 (0.76 - 0.91 (0.57 - 1.01(0.94- 0.78(0.57-  0.74 (0.68 - 0.84(0.48- 0.84(0.74-  0.99(0.96 -
Taurine 0.036 0.037 0.031 0.118  0.085 0.116 0.229 0.004
0.69) 0.89) 2.38) 0.8) 1.21) 1.19) 1.22) 0.97)$ 0.83) 1.21) 1.08) 1.27)
8.02(7.61- 893(851- 9.04(8.61- 7.14(653-  9(7.97- 8.16 7.14(68- 687(634- 777 (7.21- 6.72 (648~ 637 (557- 6.61(5.25-
Threonine 0.750 0.298 0.693 0.472  0.300 0.543 0.304 0.497
8.39) 9.77) 9.1) 7.77) 975)  (7.58-8.72) 7.56) 7.42) 8.46)# 6.92) 7.69) 8.08)

Values are expressed as the median (Q1-Q3), (n = 4) for ZT0 condition. + indicates significant differences (p < 0.05) by diet effect (STD-VH vs. CAF-VH), $
indicates tendency (0.1 > p = 0.05) by diet effect; * indicates significant differences (p < 0.05) by treatment effect (CAF-VH vs. CAF-GSPE), # indicates tendency



(0.1>p =20.05) by treatment effect using Mann-Whitney test. p-value for each group comparison was calculated by Kruskal-Wallis’ test. STD, rats fed a Standard
diet; CAF, rats fed a Cafeteria diet; VH, rats administered vehicle; GSPE, rats administered 25 mg/kg b.w. grape seed proanthocyanidin extract.

. == | =Saaaas . class
] omith ZT0-STD-VH-ZT1
e 2 B 7T0-CAF-VH-ZT1
Glycine ZT0-CAF-GSPE-ZT1
Phenylalanine 1 | ZTO-STD-VH-ZT7
i ZTO-CAF-VH-ZT7
Fumerichcd o L zTocar.GsPEZT7
Eelicine ZT0-STD-VH-ZT13
Methionine ZTO-CAF-VH-ZT13
. . -1/ |ZTO-CAF-GSPE-ZT13
2Hydroxyisobutyric ZT0-STD-VH-ZT19
alphaTocopherol o I ZTO-CAF-VH-ZT19
Glutamine ZTO-CAF-GSPE-ZT19
Serine
DodecanoicAcid
Taurine
alphaKetoglutaricA
GlutamicAcid
GlycolicAcid
2HydroxyButyricAci
] 3hydroxybutyricAci

LacticAcid
myolnositol
Glucose6phosphate
PyruvicAcid
4hydroxyPhenyllact

CitricAcid

Isoleucine

Threonine

T1Z-HA-QLS-01Z
T1Z-HA-4VYD-01Z
T17-3dS9-4vD-017
L1Z-HA-Q1S-017
L1Z-HA-AVD-017
L17-3dS94vD-01Z
€TLZ-HA-QLS-0LZ
E€TLZ-HA-IVO-0LZ
€T1Z-3dSD4vD-01Z
6T1Z-HA-QLS-01Z
6TLZ-HA-d¥D-0L2Z
6T17-3dS9-4vD-01Z

Figure S1: Heatmap analysis of antioxidant-related detected metabolites in liver metabolomics of rats treated at ZT0. STD, rats fed a Standard diet; CAF, rats
fed a Cafeteria diet; VH, rats administered vehicle; GSPE, rats administered 25 mg/kg b.w. grape seed proanthocyanidin extract.



Table S4: Antioxidant-related metabolites in ZT12-treated rats expressed in arbitrary units.

ZT1 zT7 ZT13 ZT19
zT1 717 ZT13 ZT19
Metabolite STD-VH CAF-VH CAF-GSPE
STD-VH CAF-VH  CAF-GSPE p-value STD-VH  CAF-VH CAF-GSPE p-value STD-VH CAF-VH  CAF-GSPE p-value STD-VH  CAF-VH  CAF-GSPE p-value p-value
p-value p-value  p-value
0.63(0.62- 375(276-  216(1.71- 086(0.72- 1.38(1.23- 1.4(1.11- 222(1.81-  3.03(25-  3.26(2.44- 3.89(358- 3.84(3.02- 4.12(38-
2-Hydroxybutyric Acid 219 0.083 0.155 0.397  0.361 0.708 0.023 0.046
0.85) 4.28)+ 2.8) 1.01) 1.94)+ 1.84) 2.67) 3.96) 4.16) 4.38) 4.6) 4.65)
214 (2.06- 248(2.01- 2.85(2.64- 2.74(259- 256 (24- 194 (157- 322(295- 2.95(2.87- 26(239-  26(2.38-
2-Hydroxyisobutyric Acid 0.174 2.08 (1.78 - 2.3) 0.276 0.071 2.09(2-2.6) 0472 0.897 0.162 0.356 0.120
2.28) 2.83) 3.08) 2.8)+ 2.72) 2.37) 3.31)$ 3.17)¢ 2.72) 2.83)
3-Hydroxybutyric Acid - 13.65 (10.54 - 29.31 (21.95- 18.95 (16.4 - 12.9 (10.63 - 15.74 (13.83 16.87 (11.86 - 33.3(27.23- 35.18 (26.06 - 43.43 (40.03 - 5491 (51.46 - 41.61 (34.35- 42.89 (41.85 -
0.472 0.219 0.055  0.009 0.282 0.007 0.001
3-Hydroxyisobutyric Acid 19.42) 40.08)$ 21.98) 14.43) -21.5) 21.42) 41.88) 45.44) 51.98) 60.4) 44.04)+ 43.31)
76.11 (64.13 - 48.68 (32.84 - 114.34 (82.21 - 28.43 (26.02 - 73.81(59.57 50 (41.99 - 33.83 (29.81 - 28.89 (22.83 - 42.35(28.82 - 30.38 (24.17 - 35.94 (32.4 - 41.67 (33.37 -
4-Hydroxyphenyllactic Acid 0.174 0.390 0.841 0472 0.562 0.755 0.027 0.234
86.98) 65.25) 144.56)# 40.03) - 86.39) 51.87) 37.3) 41.48) 55.48) 36.45) 36.68) 64.39)
9.63(8.99- 7.56(598-  8.21(6.82- 7.38(6.99- 9.66(7.36- 523 (4.94- 7.93 (6.21 - 8.44 (7.64 - 587(49- 6.61(5.74 - 9.7 (8.01 -
a-Ketoglutaric Acid 0.291 0.199 5(4.07 - 7.63) 0.874 0.584  0.108 0.589 0.792 0.613
10.52) 8.57)% 10.31) 7.96) 11.33) 6.02) 9.88) 8.81) 6.81) 7.51) 11.27)
0.05(0.03-  0.06 (0.05-  0.06 (0.06 - 0.04 (0.04- 0.07 (0.06 - 0.09 (0.05 - 0.05(0.04-  0.08(0.06-  0.07 (0.05 - 0.05(0.05- 0.07(0.07-  0.09 (0.08 -
a-Tocopherol 0.263 0.081 0.333 0.025  0.490 0.898 0.530 0.059
0.08) 0.08) 0.06) 0.04) 0.08)+ 0.12) 0.05) 0.08) 0.09) 0.05) 0.08)+ 0.09)
111.99
130.5 (109.15 80.42 (73.26 - 123.05 (112.44 95.61 (81.28 - 67.62 (61.67 - 109.67 (93.88 - 71.54 (57.9 - 125.84 (110.52 93.52 (87.92 - 96.16 (87.22 - 132.93 (115.14
Citric Acid 0.390 (102.49 - 0.298 0.116 0232 0.642 0.080 0.290 0.196
-138.59) 97.38) -143.68) 118.58) 90.98) 131.46) 101.71) -132.61) 94.81) 102.91) -159.09)
118.32)
0.07(0.07- 0.16(0.14-  0.2(0.18- 0.08(0.07- 0.14(0.11-  0.2(0.16 - 0.11(0.1-  0.19(0.16-  0.21(0.17- 0.1(0.09- 023(0.19- 0.19(0.16 -
Dodecanoic Acid 0.014 0.053 0.083 0.024  0.969 0.189 0.599 0.002
0.08) 0.17)+ 0.25) 0.08) 0.17) 0.26) 0.12) 0.25)+ 0.23)* 0.1) 0.25)+ 0.24)
356 (32- 293(256- 3.62(252- 3.74(279- 317 (249- 259 (2.24 - 251(238- 21(1.58-  2.63(2.15- 227 (1.81- 238(2.02- 3.08(2.85-
Fumaric Acid 0.442 0.437 0.926 0.103  0.298 0.718 0.423 0.578
4.48) 3.89) 4.75) 4.77) 4.45) 3.05) 2.63) 2.87) 3.05) 2.66) 2.66) 4.03)#
0.1(0.08-  0.04(0.03-  0.04(0.03- 0.06 (0.06- 0.06 (0.05- 0.05(0.04 - 0.06 (0.05-  0.03(0.02-  0.05(0.04 - 0.04 (0.03- 0.02(0.02-  0.03(0.02-
Glucose-6-phosphate 0.858 0.193 0.020 0318  0.084 0.015 0.170 0.009
0.1) 0.05)$ 0.05) 0.06) 0.06) 0.05) 0.08) 0.03)+ 0.06)* 0.04) 0.02)$ 0.04)
1117 (10.2-  9.16 (7.96-  8.69 (7.68 - 10.12(9.42- 9.22(9.05- 10.16 (9.69 - 1024 (9.13- 854 (7.72-  9.65(9.05- 9.66 (9.11- 9.87(9.49- 10.78 (9.92 -
Glutamic Acid 0.319 0.390 0.146  0.165 0.657 0.159 0.267
11.46) 10.33)$ 9.75) 11.02) 9.39) 10.27) 11.65) 9.67) 11.16) 10.29) 10.33) 11.61)




ZT1 z17 ZT13 ZT19
7711 717 77113 ZT19
Metabolite STD-VH CAF-VH CAF-GSPE
STD-VH CAF-VH  CAF-GSPE p-value STD-VH  CAF-VH CAF-GSPE p-value STD-VH CAF-VH  CAF-GSPE p-value STD-VH CAF-VH  CAF-GSPE p-value p-value
p-value p-value p-value
0.45 (0.4 - 0.44 (0.32 - 0.77 (0.69 -  0.47 (0.45- 0.57 (0.51 - 0.37(0.35 - 0.51 (045 - 0.51(0.45- 0.67(0.59-  0.67 (0.47 -
Glutamine 0.52 (0.38 - 0.8) 0.123 0.8 (0.64 - 1)+ 0.397 0.608  0.046 0.967 0.616 0.623
0.58) 0.83) 0.56) 0.64) 0.46) 0.55)* 0.59) 0.75)% 0.97)
555(5.47- 5.12(4.83- 4.8 (4.44 - 526 (5.02- 4.5(434- 532(495- 52(5.05- 475(4.62- 515(5.13- 487 (4.82- 5.14(4.85- 4.85(48-
Glycine 0.794 0.551 0393  0.159 0.332 0.703 0413
5.63) 5.34)+ 5.09) 5.34) 4.84) 5.46) 5.37) 4.79)+ 5.22)* 4.96) 5.27) 4.98)
0.08(0.07- 0.11(0.1-  0.11(0.11- 0.13(0.11- 0.12(0.11- 0.08(0.08- 0.12(0.12-  0.11(0.11- 0.09 (0.08- 0.12(0.11-  0.11(0.1-
Glycolic Acid 0.039 0.1(0.09-0.1) 0.694 0.024 0904  0.045 0.985 0.595 0.121
0.09) 0.12)+ 0.12) 0.14)+ 0.12) 0.09) 0.12)+ 0.11)* 0.09) 0.12)+ 0.13)
479 (4.45- 441 (419- 4.42(432- 473 (419- 437 (401- 4.1(3.87- 346 (3.13- 3.67(3.03-  3.39(3.28 - 3.18(28- 3.63 (3.33 -
Isoleucine 0.141 0.109 0.017 3.5(3.4-3.6) 0.594  0.770 0.458 0.979 0.071
5.07) 4.72) 4.6) 5.05) 4.81) 4.47) 3.74) 4.3) 3.46) 3.58) 3.9)
76.32 (70.53 - 75.08 (72.98 - 87.36 (81.85 - 95.72 (87.36 - 104.51(96.9 84.8 (78.29 - 80.02 (79.36 - 93.95 (83.03 - 82.76 (81.61 - 88.69 (82.2 - 88.45 (84.42 - 94.82(90.46 -
Lactic acid 0.511 0.874 0.491 0944  0.016 0.037 0.094 0.003
82.04) 80.84) 94.69) 101.69) -107.52) 94.92) 81.49) 106.22) 85.72) 95,09) 95.42) 99.66)
7.73(6.98-  7.02 (6.67 - 7.27 (6.94 - 746 (6.95- 722(6.7- 6.79 (6.18 - 571(5.24- 6.21(5.35- 5.58 (5.41 - 522(4.82- 545(539- 6.17(5.97 -
Leucine 0.926 0.551 0.841 0.944  0.205 0.122 0.819 0.397
8.5) 7.52) 7.54) 7.75) 7.75) 7.5) 6.17) 6.94) 5.74) 5.65) 5.58) 6.33)*
3.72(3.61- 336(3.25- 3.22(3.13- 3.31(3.17- 3.28(3.24- 3.24(3.15- 297(291- 3.07(294- 295(2.86- 3.01(298- 3.03(2.93-
Methionine 0.841 0.794 0.437 2.85(2.76-3) 0.058  0.168 0.053 0.033 0.015
3.84) 3.48)+ 3.32) 3.51) 3.38) 3.39) 3.11) 3.23) 3.01) 3.03) 3.08)
0.84(0.77-  0.79 (0.75 - 0.91(0.79- 0.91(0.84- 0.95(0.89 - 09(0.84-  07(0.62-  0.74(0.68 - 0.69 (0.63-  0.76 (0.73-  0.77 (0.72 -
myo-Inositol 1.16 (1-1.33) 0.025 0.828 0.939 0.779  0.006 0.190 0.094 0.006
0.9)+ 0.82) 1.13) 0.97) 0.97) 0.99) 0.76)+ 0.82)* 0.74) 0.77)$ 0.81)
6.18(5.14- 3.07(2.85- 3.04(2.71- 2.85(249- 322(3- 247(242- 2.84(2.59- 25(1.94- 249 (2.38 - 197(1.8- 2.08(1.86- 2.09(1.98-
Ornithine 0.024 0.967 0.023 0.170  0.048 0.187 0.170 0.016
6.99) 3.39)+ 3.32) 3.96) 347) 2.6)* 3.04) 3.08) 2.52) 2.16) 2.5) 2.19)
3.86(3.83- 352(343- 322(3.12- 3.92(3.64- 376(3.67- 351(3.23- 328(3.09- 333(2.94- 295(2.84- 3.09(298- 2.78(277- 3.18(2.99-
Phenylalanine 0.064 0.138 0.492 0.668  0.024 0.195 0.378 0.018
3.95) 3.63)+ 3.31)* 4.16) 3.82) 3.78) 3.48) 3.66) 3.04) 3.13) 2.87) 3.25)
15.79 (14.32 - 16.75(13.77 - 16.98 (14.1 - 21.54 (20.17 - 25.62 (20.68 19.53 (18.39 - 15.41 (15.08 - 20.98 (18.59 - 15.25(14.9 - 18.96 (13.97 - 18.97 (17.98 - 17.2(14.4 -
Pyruvic Acid 0.024 0.123 0.292 0.127  0.023 0.463 0.306 0.032
17.86) 19.06) 20.44) 22.63) -29.33) 20.35) 15.72) 22.72) 16.7) 23.81) 20.2) 19.85)
10.75 (10.39 - 12.04 (11.86 - 13.27 (12.49 - 8.71(8.25- 12.8(10.91- 14.17 (11.69 - 8.75(8.43- 10.41(9.66- 10.34 (10.06 - 8.04 (7.73- 10.66 (10.59 - 11.33 (10.44 -
Serine 0.735 0.437 0.584 0491  0.150 0.178 0.523 0.295
11.26) 12.42)+ 13.92) 9.28) 14.64)+ 16.53) 9.07) 11.2)+ 10.84)* 8.54) 11.59)+ 12.54)
0.72 (0.3 - 1.23 (0.89 - 0.41 (0.28 - 1.45(1.37- 0.72(0.56- 0.99 (0.83 - 0.64 (0.58-  0.99 (0.94 - 0.79 (0.64-  0.87 (0.62 - 0.84 (0.5 -
Taurine 0.031 0.050 0.95 (0.8 -1.46) 0.105 0472 0.267 0.117 0.042 0.005
1.54) 1.49) 0.58) 1.51) 1.17) 1.36) 0.78) 1.08) 1.04) 1.07) 1.18)
8.85(848-  7.69(7.21- 739 (6.72- 8.66(8.11- 9.18(8.43 - 7.02(6.1- 697 (645-  6.69 (6.17 - 546 (523- 7.18(6.66- 7.04(5.97 -
Threonine 9(8.5-9.31) 0.694 0.334 0.779  0.086 0.954 0.368 0.556
9.63) 8.18) 8.23) 9.72)+ 10.46) 7.63) 7.56) 7.51) 5.8) 7.67)+ 8.12)




Values are expressed as the median (Q1-Q3), (n = 4) for ZT0 condition. + indicates significant differences (p < 0.05) by diet effect (STD-VH vs. CAF-VH), $ indicates tendency (0.1
>p 2 0.05) by diet effect; * indicates significant differences (p < 0.05) by treatment effect (CAF-VH vs. CAF-GSPE), # indicates tendency (0.1 > p > 0.05) by treatment effect using
Mann-Whitney test. p-value for each group comparison was calculated by Kruskal-Wallis’ test. STD, rats fed a Standard diet; CAF, rats fed a Cafeteria diet; VH, rats administered
vehicle; GSPE, rats administered 25 mg/kg b.w. grape seed proanthocyanidin extract.
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Figure S2: Heatmap analysis of antioxidant-related detected metabolites in liver metabolomics of rats treated at ZT0. STD, rats fed a Standard diet; CAF, rats
fed a Cafeteria diet; VH, rats administered vehicle; GSPE, rats administered 25 mg/kg b.w. grape seed proanthocyanidin extract.
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