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Abstract: Here, the effects of pure and mixed culture fermentation by lactic acid bacteria and yeast on the total sugar,
total acid, total phenol, flavonoid, and alcohol contents of jujube juice were examined. The analysis of the difference in free
phenolic acids was performed with the help of Liquid Chromatography-Mass Spectrometry (LC-MS). The differences in
volatile organic compounds were analyzed using Gas Chromatography-lon Mobility Spectrometry (GC-IMS). The results
showed that, regardless of pure and mixed culture fermentation, the total sugar and flavonoid contents decrease, while the
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total acid, total phenol, and alcohol contents increase. Furthermore, the contents of trans-ferulic acid, 4-hydroxybenzoic acid,
hydrocinnamic acid, vanillic acid, benzoic acid, and syringic acid increase. Contrarily, yeast fermentation results in higher
contents of total phenols, flavonoids, alcohol, phenylalanine, catechin, epicatechin, syringic acid, and sinapic acid in jujube
juice but a low total acid content compared to lactic acid bacteria fermentation. The carbohydrate degradation efficiency, acid
production efficiency, total phenol production rate, flavonoid retention rate, and alcohol production efficiency were higher
after mixed culture fermentation. Similarly, mixed culture fermentation produces higher contents of free phenolic acids,
including trans-ferulic acid, trans-cinnamic acid, vanillic acid, gallic acid, p-coumaric acid, benzoic acid, protocatechuic
acid, caffeic acid, and syringic acid than does pure culture fermentation. A total of 53 volatile components were identified,
including 11 alcohols, 9 esters, 8 ketones, 8 aldehydes, 2 acids, and 2 pyrazines. In mixed culture fermentation samples,
flavor esters, alcohols, and aldehydes account for 17.2%, 58.2%, and 1.3%, respectively. The contents of esters and aldehydes
in mixed culture fermentation samples are significantly higher than those in pure culture fermentation samples and original
jujube juice samples, resulting in a strong flavor. Therefore, mixed culture fermentation using yeast and lactic acid bacteria
can effectively enhance the quality and enrich the taste of fermented jujube juice. This study provides a theoretical, scientific,

and practical basis for promoting the application of mixed culture fermentation in the jujube fermentation and production

2024, Vol.40, No.5

industry.
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Tabel 1 Free phenolic acid analysis

AT AE /%
1 2 3 4

No. fvé&#h CAS# T X

1 RXF# 537-98-4 C,,H,, 0, 0.57 1.19 1.11 123
2 4 HHARTE 99-96-7 C,HO; 1.64 2.09 2.55 230
3 A4LAMAER 501-52-0 C,H,0, 9.41 12.80 12.43 11.66
4 RXWHE 140-10-3 CHO, 1.15 0.01 0.02 0.04
5 A% 121-34-6 CHO, 130 294 327 4.06
6  A¥®  121-33-5 CHO, 0.12 0.00 0.02 0.01
7 EATFE8 149-91-7 C,HO; 023 020 0.19 033
8 FRARM 63912 GH,NO, 2223 3.04 19.27 8.09
9  JLARE 7295854 CH,O, 274 126 233 1.79
10 &R E 35323912 CH,,O¢ 1.35 0.51 1.00 0.78
11 st&28 501-98-4 C,HO, 072 0.11 0.09 0.80
12 E¥E  65-85-0 C,HO, 4149 5824 43.97 49.85
13 RILFES 139-85-5 C,HO, 2.78 2.01 037 0.20
14 FRILFEB 99-50-3 C,HO, 445 198 150 696

15 oweeBR 331-39-5 C,HO, 032 0.12 0.08 0.56
16 TH&B  530-57-4 CH,0, 024 035 047 0.53
17  T&AE  134-96-3 CH,0, 0.18 0.03 0.05 0.02
18 3F8  530-59-6 C,H,05 0.65 1.10 121 0.80
19  K#HB  69-72-7 CHO, 8.42 12.00 10.08 10.00
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Table 2 Qualitative analysis of volatile substances

No. tadh PR FaE HRB A /s IR IE /ms 1 2 3 4

1 FETE (AR ) 1267.3  730.089 1.485 75 197.906 62 671.03580  404.630 65 2 802.734 40
2 FELOE (ZFMK) 12687  732.085 2.033 79 107.662 82  261.73935 27624463  798.034 80
30 2-WEkA 5o FAEY 11112 505.585 1.572 05 259.54294  429.78793  366.01233  377.600 68
4 R 10415 405317 1.259 49 103.33346  111.87792  150.51846  140.999 57
5 2- ¥B 10423 406.555 1.451 43 1442910 3538400  38.87542 56.024 66
6 TEL LB 10068  355.451 1.803 93 3734872 106.55826  125.694 44  2343.424 80
7 6- AR5 B 2-F1 9968 341.055 1.179 02 11.06147 11447745 11642629  124.047 12
8 - F )t -3- B2 963.0 312.848 1.268 29 1831093 40.176 77  92.75127 47.800 77
9 NN 878.9 247.514 1.748 00 48.676 80  93.26863  123.65354 6 088.313 50
10 Z-3- T -1- Bf 845.9 230.953 1.654 46 1543527  31.05146  21.87853 53.520 36
11 S 792.1 203.992 1.562 26 144.65288  103.346 15  117.076 97  2002.918 80
12 N 8 764.5 192.438 1.61571 8.919 00 2091998  31.17842  673.959 10
13 FTERCHE 747.4 185.890 1.564 93 9.17927  133.50570 178.13562  479.302 70
14 2- fBR 903.2 263.278 137995 9.969 60 20.539 10 25.08747  166.486 97
15 5 8B 730.9 179.562 1.48993  1621.55070 9691.567 00 9 885.43400 12 611.005 00
16 AR LB 701.9 168.408 1.454 88 1424818  52.04761 5130806  1414.791 60
17 2,3- K= 679.7 161.286 1.230 87 1023622  111.61765  44.89336  269.642 67
18 F T8 603.3 144.023 1.381 62 51.99048  162.71623  423.92554  1093.593 40
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No. et PR Fa4 RG] /s IRABATE] /ms 1 2 3 4

19 LER LBg 586.0 140.125 1.338 05 31457413 2976.083 50 3539.80250 7728.05130
20 ¥R LB 523.7 126.064 1.203 78 432.81280 1342.77310 1367.43210 1516.02390
21 LEBE 4523 109.915 1.143 72 7787.491 00 8349.378 10 29 300.560 00 29 114.105 00
22 23- —FH -5 FiemkE 1201.1 634.957 1.276 10 56.281 75 142.786 54  160.976 87 201.194 90
23 B 407.0 99.691 0.986 72 443401 34  552.698 80  653.791 40 225.234 94
24 IR -2- B 875.7 245.890 1.408 91 45.997 93 19732576  156.342 79 753.128 70
25 2- A -1- RBE 798.0 206.941 1.292 38 50.403 47 441.316 00  398.149 30 208.165 05
26 3- FATER 785.9 200.894 1.210 97 44.445 83 212.253 19  155.298 54 148.144 30
27 A R B 613.0 146.208 1.227 98 252.06177 412536200 3876.06790  661.640 75
28 L 45 Bk 720.3 175.462 0.981 32 153.076 72 89.656 59 106.729 66 278.285 55
29 7 B 463.5 112.451 1.109 52 1664.04130 13436586 147.522 19 159.510 47
30 AR BE 829.0 222.469 1.081 45 672.178 47  136.759 08  134.311 90 101.705 19
31 3- P TE 636.0 151.413 1.410 07 338.147 58 12.746 87 19.878 90 23.760 73
32 2- WA TEE 649.5 154.456 1.399 80 97.442 47 10.690 11 14.378 32 12.413 60
33 - el 7 732.0 179.953 0.986 46 64.080 33 3.028 02 4.091 31 5.173 66
34 3- ¥R 994.1 338.677 1.714 97 13.156 32 32.330 59 19.231 40 26.011 11
35 E-2- M e 960.3 310.626 1.672 94 13.673 69 21.964 23 23.402 06 19.739 24
36 KL 903.7 263.721 1.428 52 40.725 88 44.629 92 28.004 40 45.512 30
37 E-2- Thrls 850.4 233.208 1.514 94 12.004 15 103.517 55 97.179 02 217.420 50
38 S 682.3 161.873 1.017 45 19.228 22 5.116 52 7.408 17 10.521 88
39 2- ¥ -1- TB: 739.3 182.767 1.467 74 47.845 20 97.797 96 148.169 70 173.990 36
40 T B F B 730.3 179.311 1.43991 34.381 00 24.360 62 33.28279 21.719 83
41 B 683.9 162.242 1.264 72 14.505 28 38.196 18 76.109 87 69.863 40
42 1- MBEF 565.6 135.514 1.246 31 43.804 68 23.53537 31.295 86 20.215 35
43 EE LS 826.0 220.964 1.386 15 7.147 90 30.883 23 24.595 50 22.138 80
44 2- SRR 686.5 162.829 1.376 04 5.437 10 22.583 17 12.600 87 224.908 02
45 3- &R 693.2 165.051 1.351 86 6.329 00 14.816 33 20.174 08 193.237 63
46 1 574.9 137.619 1.209 67 128.887 51 555787 10  504.631 38 311.457 24
47 2 810.6 213.250 1.536 62 20.466 09 727.346 10  257.273 50 192.663 13
48 3 705.0 169.607 1.210 97 308.299 10  697.713 50  548.820 10 473.091 13
49 4 635.0 151.195 1.275 01 333.462 74 25.274 74 45.772 57 159.564 42
50 5 735.2 181.175 0.959 68 62.982 12 11.699 45 12.108 89 12.073 98
51 6 1018.1 371.786 1.897 11 24.589 15 56.151 62 66.143 44 65.600 69
52 7 652.2 155.068 1.268 06 245.681 99 93.332 12 98.489 90 121.660 26
53 8 885.5 250.808 1.023 77 36.177 50 25.195 39 86.082 65 20.615 27
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