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Abstract

The aim of this research was to investigate the influence different stages of fruit ripening and winemaking techniques
have on the flavonoid, phenolic acid, anthocyanin content and antioxidant potential of Maoluang red wines. Results
indicated that the ripening stage of fruit and a longer period of skin contact fermentation positively influence the
phytochemicals and antioxidant activity of Maoluang wines. Maoluang wines obtained by ripe fruit and skin contact
fermentation (RSF) presented the highest concentration of total phenolic content, total flavonoid content, quercetin,
(-)-epicatechin and total of flavonoid content with values of 17.52 mg GAE/L, 800 mg CE/L, 19.69, 381.06 and 460.87
mg/L, respectively. In addition, the highest contents of gallic acid, protocatechuic acid and chlorogenic acid were also
observed in Maoluang wines made from RSF with values of 6.03, 6.81 and 2.51 mg/L, respectively. In all wines, the
dominant anthocyanins were cyanidin-3-rutinoside and malvidin-3,5-diglucoside. The antioxidant potential, assayed by
DPPH, FRAP and ABTS were highest in RSF (90.90%, 177.13 mg Fe(ll)/L and 28.40 mg TE/L, respectively). This
study could contribute to the establishment of optimal conditions for producing Maoluang red wines which contain more

beneficial phenolic compounds and antioxidant properties.
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Figure 1 Change of total phenolic content and total flavonoid content during Maoluang wine fermentation
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Table 1 Flavonoid composition (mg/L)of Maoluang wine made within and without skin contact fermentation

Flavonoid compounds Immature fruit skin contact

Immature fruit without skin

ripen fruit skin contact ripen fruit without skin

must wine must wine must wine must wine
Flavonols
quercetin 5.81+0.12 10.27+0.51 5.69+0.44 4.31£0.18 6.40+0.36 19.59+1.14 0.90+0.05 9.83+0.78
quercetin-3-O-rutinoside 2.41+0.54 3.07+0.36 2.56+0.17 2.21+0.06 1.30+0.05 3.74+0.28 0.34+0.04 3.50+0.19
myricetin 0.76+0.03 1.000.02 0.62+0.04 0.56+0.06 0.5610.13 1.08+0.05 0.58+0.09 0.91+0.08
total flavonols 8.71+1.01 14.34+1.50 8.87+0.51 7.08+0.62 8.26+0.30 24.41+2.12 1.82+0.13 14.24+1.59
Flavan-3-ols
(+)-catechin 21.9442.33 52.5616.19 1.12+0.03 20.25+2.17 4.93+0.31 103.63+31.17 5.07+0.06 61.40£3.16
(-)-epicatechin 158.98+£10.15  381.06+15.17 18.64+2.17 115.76£15.19  187.40+23.32  329.70+27.18 154.50+19.43 163.57+17.54
total flavan-3-ols 180.92+13.29  433.62+18.19 19.76+2.98 136.01422.76  192.33+13.15  433.33+34.77 159.57+18.16  224.97+24.19
Flavanone
naringenin 0.39+0.05 1.33+£0.11 ND 8.41+0.31 ND 0.08+0.01 ND ND
Stilbene
trans-resveratrol 3.05+0.18 2.96+0.24 2.550.15 ND 3.1610.18 3.05:0.11 3.18+0.09 2.55+0.05
Total HPLC flavonoids 193.07+14.33  452.25+27.16 31.18+2.19 151.5+¢17.15 203.75+18.19  460.87+32.14 164.57+17.49 241.76x28.15

ND: not detected
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Table 2 Phenolic acid composition (mg/L) of Maoluangwine made within and without skin contact fermentation

Treatment Hydroxybenzoic acid Hydroxycinnamic acids Total
GA PA GTA THBA CHA VA CA PCA THCA
Immature fruit skin contactmust 1.991+0.04 | 2.27+0.14 ND 4.26+0.15 | 1.73+0.06 ND 0.92+0.01 ND 2.65+0.04 | 6.91+0.80
wine 1.69+0.12 | 6.81+0.32 | 1.94+0.08 | 10.44+0.84 | 1.12+0.03 | 1.28+0.06 | 1.07+0.02 ND 3.47+0.15 | 13.91+1.46
Immature fruit without skinmust 0.31+0.06 ND ND 0.31+0.06 |0.70+0.04 ND 1.66+0.04 | 0.59+0.07 | 2.95+0.08 | 3.26+0.27
wine 0.28+0.02 | 1.30+0.06 ND 1.58+0.03 |2.49+0.13 ND ND ND 2.49+0.05 | 4.07+0.34
Ripen fruit skin contactmust 9.20+0.54 | 8.92+0.17 | 4.44+0.10 | 22.56+1.05 | 0.81+0.05 ND ND ND 0.81+0.06 | 23.37+1.59
wine 6.03+0.41 | 1.66+0.03 | 20.04+1.61 | 27.73+1.47 |2.51+0.20 | 6.90+0.11 ND 6.37+0.18 | 15.78+1.49 | 43.51+2.87
Ripen fruit without skinmust 5.78+0.09 | 7.30+0.15 ND 13.08+1.39 ND 1.35+0.03 | 1.12+0.01 | 0.54+0.06 | 3.01+0.07 | 16.09+1.48
wine 5.49+0.48 | 1.52+0.07 ND 7.01+0.95 |[4.02+0.15 | 8.44+0.17 ND ND 12.46+0.81 | 19.47+1.96

ND: not detected,GA: gallic acid, PA: protocatechuic acid, GTA: gentistic acid, THBA: total hydroxybenzoic acid, CHA: chlorogenic acid, VA: vanillic acid, CA: caffeic acid,

SA: syringic acid, PCA: p-coumaric acid, FA: ferulic acid, THCA: total hydroxycinnamic acids, Total: sum of phenolic acid

Table 3 Anthocyanin composition (mg/L) of Maoluangwine made within and without skin contact fermentation

Treatment Cyanindin Malvidin Pel Del Total
C-3-G C-3-R CcY TCY M-3,5-D Mal ™
Immature fruit skin contactmust 1.52+0.05 | 2.36+0.08 ND 3.88+0.06 | 0.47+0.07 | 2.47+0.05 | 2.94+0.41 | 0.51+0.03 ND 7.33+£0.28
wine 1.59+0.02 | 4.82+0.15 ND 6.41+0.08 | 2.21+0.08 | 2.45+0.08 | 4.66+0.12 ND ND 11.07+0.64
Immature fruit without skinmust 1.020.01 | 1.22+0.07 ND 2.24+0.05 | 0.50+0.03 ND 0.50+0.01 ND 1.02+0.02 | 3.76£0.15
wine 1.01£0.02 | 1.24+0.09 ND 2.25+0.03 | 0.68+0.11 ND 0.68+0.07 | 0.51+0.04 ND 3.43+0.21
Ripen fruit skin contactmust 2.98+0.07 | 2.87+0.03 ND 5.85+0.07 | 5.25+0.05 ND 5.25+0.13 | 0.52+0.02 ND 11.62+1.05
wine 1.2040.06 [19.18+1.28 | 1.02+0.01 | 21.40+1.40| 4.03+0.03 ND 4.03+0.05 | 0.68+0.07 | 1.02+0.05 | 27.13+1.87
Ripen fruit without skinmust 0.96+0.03 | 8.71+0.61 ND 9.67+0.12 | 1.27+0.07 ND 1.27+0.02 | 0.51+0.06 ND 11.45+1.15
wine 2.54+0.14 | 1.92+0.07 ND 4.46+0.06 | 5.16+0.04 ND 5.16+0.06 | 0.51+0.03 | 0.79+0.14 | 10.92+1.48

ND: not detected,C-3-G: cyanidin-3-o-glucoside, C-3-R:cyanidin-3-rutinoside, CY: cyanidin, TCY: Total cyanidin,M-3,5-D: malvidin-3,5-diglucoside, Mal: malvidin,

TM: total malvidin, Pel: pelargonidin, Del: delphinidin, Total: sum of anthocyanin
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Figure 2 Change of antioxidant activity during Maoluang wine fermentation
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