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Abstract To improve the lycopene content in compound fruit and vegetable wine, using tomato, mango, pumpkin, and loquat as the main raw materials,
a compound fruit and vegetable wine was prepared by co-brewing technology of pulp and juice. The brewing process conditions of the compound
fruit and vegetable wine was optimized by single factor experiments and response surface experiments, and the antioxidant activity was analyzed. The
results showed that the compound fruit and vegetable wine with orange-red and transparent color, rich aroma and mellow taste could be obtained under
the conditions of initial sugar content 21.7%, Saccharomyces cerevisiae (1.3x10” CFU/ml) inoculum 5.5%, fermentation temperature 20 °C, and time
5.0 d. The sensory score and lycopene content were 89.6 and 40.63 wg/ml, respectively and the concentration for 50% of maximum effect (ECs) of

the compound fruit and vegetable wine on the scavenging ABTS"+, DPPH+, O, -, and -OH were 54.76 mg/100 ml, 39.71 mg/100 ml, 20.08 mg/100 ml,
and 30.18 mg/100 ml, respectively.
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0.08% C 65 C.30 min
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o 1.3x10” CFU/mL
1 65 °C.30 min o
1.1 1.3.2
N | BN N 19.0%-.21.5%.24.0%.26.5%.29.0% .
N Saccharomyces cerevisiae 1%.3%.5%.7%.9% . 19 C.
CICC31482 21 C.23C.25C.27C 5d.6d.7d.8d.9d
10° U/mL
N C =99.0% 3 o
2,2'- - 3- - -6- di- 133
ammonium 2,2'-azino-bis 3-ethylbenzothiazoline-6-sulfonate
radicals ABTS™> .1,1- -2- 1,1- Y, Y, A .
diphenyl-2-picrylhydrazyl radicals DPPH- . B . C D
superoxide anion radicals O, hydroxyl 4 3 o
radicals -OH 1.34
1.2 O 6]
BS210S (23] (224
WIE2802D DHP-9162 GB/T 15038—2006¢ N
LXJ-1IB p) 2 11 6 5
723 28~38
SPHs-3¢ N N N 4
pH o 100 11 .
1.3 1,
1
Table 1 Sensory score standards of the compound fruit and vegetable wine
20 16~20 11~15 6~10 0~5
2 19~25 13~18 7~12 0~6
33 28~35 19~27 10~18 0~9
20 16~20 10~15 6~10 0~5
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SPSS Statistics 20.0 Origin
Pro 12.1 GraphPad Prism 8.3.0
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) Fig. 2 Effects of Saccharomyces cerevisiae inoculum on the sensory
score and lycopene content of the compound fruit and
21 vegetable wine
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Fig. 1 Effects of initial sugar content on the sensory score and
lycopene content of the compound fruit and vegetable wine
1 19.0% 24.0%
P<<0.05 94.6+
1.0 24.0%.26.5% 29.0%
P>0.05 .
21.5%
3435+043 pg/mL.
[25 26] 3
¢ ° Fig. 3 Effects of fermentation temperature on the sensory score and
21.5% 24.0% lycopene content of the compound fruit and vegetable wine
3.16% 11.50%.
1 3 19~27 °C
19.0%~24.0% o 23 C 91.7+
2.1.2 1.6 o 23 C
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23 C 2
91.7 P<0.05 . Table 2 Design and results of response surface experiments for
fermentation process optimization of the compound fruit
and vegetable wine
21 A B C D Y, Y,
38.42+0.43 pg/mL, 21 C 23 C 1% 1% /C /d /) pgrml! /
4.09% 10.59%. 1 24.0 7 21 6 36.69 73.8
50 19~ 2 190 7 21 6 36.41 732
3 24.0 5 19 6 38.36 80.1
23T ° 4 21.5 5 21 6 40.21 88.2
2.14 5 21.5 5 21 6 40.45 81.4
6 21.5 7 19 6 36.78 76.8
7 19.0 5 23 6 37.06 74.5
8 19.0 5 21 7 37.71 75.8
9 24.0 5 21 7 37.85 87.8
10 21.5 3 19 6 37.15 77.6
11 24.0 3 21 6 40.12 83.8
12 21.5 5 19 7 36.78 82.5
13 21.5 5 21 6 39.82 86.3
14 24.0 5 21 5 39.61 82.7
15 21.5 7 21 7 37.76 78.9
16 19.0 5 21 5 37.89 76.2
17 21.5 5 23 7 38.27 77.0
4 18 21.5 3 21 5 39.10 88.7
Fig. 4 Effects of fermentation time on the sensory score and lycopene
content of the compound fruit and vegetable wine 1 240 > 2 6 3757 7835
20 21.5 5 21 6 4091 89.2
4 5d 9d 21 21.5 5 19 5 39.84 80.1
813414 88.140.9 22 19.0 3 21 6 36.55 84.8
23 21.5 7 21 5 39.80 83.1
77.9£1.5 o >d 7d 24 215 3 21 7 36.18 81.2
25 21.5 7 23 6 36.64 76.5
By 26 215 5 21 6 41.19 86.0
88.1:0.9 . 27 215 5 23 5 36.92 85.7
28 21.5 3 23 6 36.46 73.3
P<0.05 . 29 19.0 5 19 6 36.64 73.7
4 5d 9d Y, Y,
43.86+0.32 pg/mL N
25.84+0.53 pg/mlL. 5~7d Y=40.52+0.66A-0.12B-0.22C-0.72D-0.82AB-0.30AC-0.39AD+
° 0.14BC+0.22BD+1.10CD-1.37A*1.73B*1.87C*0.72D*
22 Y=86.22+42.37A-2.26B-0.44C-1.11 D+0.40AB-0.60AC+1.38 AD+
Box-Behnken 1.00BCH+0.83BD-2.78 CD-4.43 A>-3.58 B>-5.50C*0.08 D*
32 2, 3 °
3
Table 3 Variance analysis of regression model
F P
Y, Y, Y, Y, Y Y, Y, Y, Y, Y, Y, Y,
60.83 516.33 14 14 4.34 36.88 7.41 2.50 0.000 3 0.048 5 wE *
A 5.25 67.71 1 1 5.25 67.71 8.96 4.61 0.009 7 0.049 9 Hk *
B 0.18 61.20 1 1 0.18 61.20 0.31 4.16 0.585 8 0.060 8
C 0.58 2.34 1 1 0.58 2.34 0.98 0.16 0.3384 0.696 1
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F P
Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y, Y,

D 6.18 14.74 1 1 6.18 14.74 10.53 1.00 0.0059 0.3340 *E
AB 2.71 0.64 1 1 2.71 0.64 4.61 0.04 0.049 7 0.8379 *
AC 0.37 71.44 1 1 0.37 71.44 0.62 4.89 0.442 7 0.047 1 *
AD 0.62 7.56 1 1 0.62 7.56 1.06 0.51 0.3198 0.485 4
BC 0.08 4.00 1 1 0.08 4.00 0.13 0.27 0.724 9 0.610 4
BD 0.19 2.72 1 1 0.19 2.72 0.33 0.18 0.574 7 0.673 8
CD 4.86 30.80 1 1 4.86 30.80 8.29 2.09 0.0121 0.170 1 *
A? 12.23 127.11 1 1 12.23 127.11 20.85 8.63 0.000 4 0.010 8 wk *
B 1931 8298 1 1 1931 8298 32.93 5.63 0.0001 00325 ok *
C? 22.73 196.34 1 1 22.73 196.34 38.74 13.33 0.000 1 0.002 6 *k wok
D 3.33 0.04 1 1 3.33 0.04 5.68 0.00 0.0319 0.960 1 *
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Fig. 5 Response surface plots and contour lines of effects of interaction between various factors on lycopene content of the compound fruit
and vegetable wine
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Fig. 6 Response surface plots and contour lines of effects of interaction between various factors on sensory score of the compound fruit

and vegetable wine
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Fig. 7 Antioxidant activity of compound fruit and vegetable wine



2024 Vol.43 No.12

China Brewing

248 Serial No.394 Application and Technology
7 ABTS': . [10] . [7]. 2022 28 13
DPPH- .0, .:-OH 20-22.
[11] VARELA E, GOMES A, DA S B D S, et al. Potential benefits of ly-
. copene consumption: rationale for using it as an adjuvant treatment for
4 median effect con-

centration ECy, 73.17 mg/100 mL.59.15
mg/100 mL.39.94 mg/100 mL.56.47 mg/100 mL
54.76 mg/100 mL.39.71 mg/100 mL.20.08 mg/100 mL.

30.18 mg/100 mL.,
19.57+0.52 ug/mL P<0.05

40.63+0.49 pg/mL

3
21.7%
5.5% 20 °C 50d
89.6
QB/T 5476—2020¢ > .
19.5740.52 wg/mL P<<0.05

40.63+049 pgmL  ABTS'- .DPPH-.O;-.-OH

ECy 73.17 mg/100 mL.59.15 mg/100 mL.
3994 mg/100 mL.5647 mg/100 mL 5476 mg/100 mL.
39.71 mg/100 mL.20.08 mg/100 mL.30.18 mg/100 mL .

(1]

[J1. 2023 42 4 1-15.

[2] BOHM V. Carotenoids[J]. Antioxidants, 2019, 8(11): 516.

[3] SANDMANN G. Carotenoids and their biosynthesis in fungi[J]. Molecules,
2022, 27(4): 1431.

[4] MAOKA T. Carotenoids as natural functional pigments[J]. J Nat Med,
2020, 74(1): 1-16.

(5]

[J1. 2023 44 21 412-420.

[6] EGGERSDORFER M, WYSS A. Carotenoids in human nutrition and
health[J]. Arch Biochem Biophys, 2018, 652: 18-26.

[77JHONG HT, TAKAGI T, OHARE T J. An optimal saponification and ex-
traction method to determine carotenoids in avocado [J]. Food Chem,
2022, 387: 132923.

[8] GOMEZ-MAQUEO A, BANDINO E, HORMAZA ] I, et al. Characteri-
zation and the impact of in vitro simulated digestion on the stability and
bioaccessibility of carotenoids and their esters in two Pouteria lucuma va-
rieties[J]. Food Chem, 2020, 316: 126369.

[9] SANTOS K C, GUEDES J S, ROJAS M L, et al. Enhancing carrot con-
vective drying by combining ethanol and ultrasound as pre-treatments:
Effect on product structure, quality, energy consumption, drying and rehy-
dration kinetics[J]. Ultrason Sonochem, 2021, 70: 105304.

Hh | &N

https://www.cnki.net

malaria patients and in several diseases[J]. Nutrients, 2022, 14(24): 5303.

[12]

[J]. 2018 1 237-238.

[13]LIUK Y, LIU XY, WANG T, et al. Optimization of main ingredient ra-
tio, metabolomics analysis, and antioxidant activity analysis of lycopene-
enriched compound fruit wine[J]. Fermentation, 2023, 9(7): 591.

[14] . [J].

2020 45 1 322-325.
[15] . [J1.
2020 41 18 202-207.

[16] . D-
[J]. 2022 41 2 164-169.
[17] . [D]. 2015.
[18]
[J]. 2021 47 21  59-66.
[19]
[I]. 2020 46 8 173-178.
[20]
[J]. 2020 46 21 55-61.
[21] . [J1.
2022 37 4 1-9.
[22]
.GB/T 15038—2006 N [S].
2006.
[23] .GB 12456—2021
[S]. 2021.
[24] .GB
5009.225—2023
[S]. 2023.
[25]
[J]. 2021 42 18 56-64.
[26] . Box-Behnken
[J]. 2020 41 10 148-155.
[27] . 1.
2022 40 4 1-4.
[28] .
[J1. 2019 38 8 199-204.
[29]
[D]. 2018.
[30]
[J]. 2024 24 5 41-57.
[31] . Box-Behnken
[J]. 2019 47 4 60-64.

[32] WANG Q, ZHANG Q, LIU K Y, et al. Optimization of solid-state fer-
mentation technology and analysis of key aroma components of com-
pound rice wine[J]. Food Sci Technol Res, 2022, 28(1): 35-43.

[33] . QB/T 5476—2020

[S]. 2020.



