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Abstract: Objective: To analyze the changes in phenolic composition and antioxidant function of mulberry beverage before

and after fermentation. Methods: Mulberry beverage was prepared by a secondary fermentation method using Pichia
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kudriavzevii and Weissella confusa. The scavenge rate and reducing power of phenolic substances on DPPH, OH, ABTS"
free radicals before and after mulberry fermentation were compared. The differential metabolites in different samples were
identified using non targeted metabolomics techniques. Then the correlation between changes in phenolic composition
before and after fermentation and antioxidant performance was further explored. Results: The free radical scavenging rates
of mulberry phenolic substances (I mg/mL) on DPPH increased from 45.97%+2.23% before fermentation to 59.01%+
3.59% after fermentation (P<0.05), while the scavenging rates on OH increased from 68.68%+1.23% to 78.55%+0.57%
after fermentation (P<0.05). The reducing power of phenolic substances in fermented mulberry beverages was significantly
increased (P<0.05). There was no significant difference in the ability of phenolic compounds to scavenge ABTS" radicals
before and after fermentation (P>0.05). A total of 46 differential metabolites were screened from mulberry phenolic
substances before and after fermentation, including 3 anthocyanins, 10 phenolic acids, 18 flavonoids, and 15 other phenolic
substances, of which 26 metabolites were up-regulated and another 20 metabolites were down-regulated, involving a total of
4 related metabolic pathways, including the biosynthesis of secondary metabolites in plants, phenylpropanoid biosynthesis,
flavonoid biosynthesis, and anthocyanin biosynthesis. 58.70% of phenolic substances were positively correlated with DPPH
and OH radical clearance rates. Conclusion: Both the changes in phenolic composition and increased content of mulberry
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after fermentation result in a significant upregulation of antioxidant capacity.

Key words: mulberry; fermentation; polyphenols; antioxidant activity; non-targeted metabolomics
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Table 1 Qualitative analysis of differential metabolites

. N e TR (mAU min) -
eSS 2 L&A %t B Cs) Pl preme e Akt
W 1 K K2 23-0-(6-0O-T Bt I-p-D- A ) 535.11 523.8 0.0038™ 7930053.9 18027413.7 1
f, 2 R 3-HRT 449.11 469.2 0.0018™  56075864.9 18612678.5 !
# 3 KA A F3-(6-IMMEmERL ) A b 611.16 352.5 0.0001" 6422528.6 18155704.5 1
1 34-ZRIR TR 167.04 94.1 0.0001™" 993500.7 133945.3 !
2 R Bk R 198.19 619.7 0.0128" 4009956.1 7479375.0 1
3 S BB R 193.05 338.3 0.0009"  18285684.9 46320238.3 1
4 IR 207.07 382.7 0.0470° 97829002.5  120284458.1 1
iy 5 FRREAEETLIR 182.05 144.8 0.0041" 742694.9 460844.5 !
2 6 BETF® 169.01 84.4 0.0001"  40291778.2 1476319.7 1
7 5-FRHENIVE 2R 190.05 297.4 0.0385"  21562887.0 34204296.6 1
8 3RS RR 171.03 79.9 0.0003™ 29419273 393490.7 )
9 34- AL EL AR 181.05 376.5 0.0014™ 6992926.3 19471374.3 1
10 3-RFEERHIR 138.03 118.1 0.0091™" 1494778.2 950463.8 !
1 Wik R4, 7- AR 607.13 291.5 0.0265 377377.0 32925.2 )
2 Jid & H 434.08 268.7 0.0466" 398195.2 260119.5 !
3 TR RA-O-HHE 433.13 570.7 0.0010" 214415 782002.2 1
4 i Bz 3 3- BT A P 433.08 323.8 0.0036™ 1551899.3 574427.4 !
5 HEH 417.12 97.4 0.0068" 6587036.3 21715.7 !
6 R 303.09 518.1 0.0067"  12066316.0 15235765.0 1
7 By i) 287.06 558.1 0.0024™ 1861810.3 3545255.3 1
8 i 285.08 771.9 0.0001"" 582132.0 2749706.0 1
%f;; 9 5,7- R S 281.08 756.1 0.0001"" 266555.1 5480145.7 1
il 10 AR RLRE 271.06 657.8 0.0008™ 1406236.7 3855778.0 1
11 (28)-H# T 271.06 657.8 0.0001" 98419.7 443456.5 1
12 (LT 301.03 599.1 0.0017"  13408274.7 905696.5 !
13 A ZE 125.02 89.6 0.0001" 1296137.2 70320241.2 1
14 AR RER - W 448.10 367.4 0.0250"  21923326.1 30530199.6 1
15 HPEARAE 2R 267.20 784.2 0.0352" 219391422 1353502.9 !
16 EYRA 283.17 849.6 0.0481" 1135990.6 14194629.8 1
17 JRR 269.05 642.7 0.0001"  17184700.5 549561.4 !
18 57-% 253.05 735.2 0.0007" 1204465.3 2391814.4 1
1 N-PUERHERE-1,4- T e 265.15 380.0 0.0001°" 17410922.0 287392.8 !
2 I 209.08 697.7 0.0051"  22323439.0 40979686.0 1
3 4- BRI 119.05 307.4 0.0001™" 5369199.0 27089465.0 1
4 4RI T 136.06 348.1 0.0001™  10017509.0 3149718.0 !
5 3-FR AR T 123.04 470.9 0.0081™" 9526250.0 11071953.0 1
6 34-ZRERIL O 152.06 268.7 0.0026™  92090296.0 1496601.0 !
7 Pt 293.16 739.5 0.0001™  10366329.0  116000000.0 1
% 8 QIR 159.09 362.6 0.0001" 2898634.0 1151910.0 !
9 2,6- A SR B 155.07 655.6 0.0001™" 5844268.0 14428558.0 1
10 1-Z519) 145.06 486.6 0.0003™ 4583512.0 9913822.0 1
11 (-)-F T 153.13 473.5 0.0193" 8745552.0 10540312.0 1
12 Pl 286.18 765.2 0.0001"" 42662.9 1518102.0 1
13 (VARSE 757 227.08 88.6 0.0011"  11281908.0 4383068.0 !
14 [18] FH Ty 107.05 160.6 0.0002" 693982.2 401547.9 !
15 4-HIBE LS 123.05 98.5 0.0012" 2071516.0 1159673.0 !

AR Seh, T RERRE LR, | RE KRR TP 225 3 (P<0.05), T2 540 83 (P<0.01), 2.

PrEALBE Sy Z R AR AT (3 2) o 45 5R3RHH, 23.91%, SRS 2 IEAHEIIE 20 B, A2y
Hrh 5 DPPH A1 OH H H &5 BR R 2 IEAH K 3y S 43.48%. A ILHEWT 58.70%. 58.70%. 23.91%
B 27 B, RIS 58.70%; 5 ABTS' H 3% 1 43.48% YWy 254 B4R IX XS DPPH, OH., ABTS"
RS IEA S IEE 11 Fr, 5 R IS R H 3B bREE ) B R A STk EH . HodhgvF
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Fig.3 Anthocyanin metabolic pathways
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Table 2 Correlation factors between phenolic differential metabolites and antioxidant capacity
LS T L2 &4 DPPH OH ABTS" Y|
1 KIEHHE 3-0-(6-0O-T B 3k-B-D- 458 H) 0.90878" 0.98624" 0.00001 —0.99582"
PIAuUNES 2 KRG HE 3-WHPT -0.90878" -0.98143" 0.00001 0.99582"
3 REAF 3-(6-MNHERL) W w e 1T 0.88743° 0.97954" -0.02921 -0.99147"
1 34-TRRER R -0.90632° -0.99061"" -0.19335 0.97187"
2 Ey 0.83988° 0.93449"™ -0.19204 -0.91938™
3 S BT AR R 0.91663° 0.95247" -0.15324 —0.97348"™
4 T 0.50862 0.77957 -0.29947 -0.77030
- 5 BRI R -0.98012"  —0.96073" —0.20443 0.97259"
6 BETm —-0.92135™  —0.99480" —0.14385 0.98984"
7 S-FEFLIG|E 2 T 0.66997 0.80957 -0.50138 -0.82340°
8 3-MiEGE R R -0.92173"  —0.99406" -0.11694 0.99476"
9 34- R AN EERR 0.84295 0.94802" -0.09223 -0.97074™
10 kB = & Uil -0.96483™  —0.91825™ —-0.35504 0.94081"
1 Wiz 240, 7-— bl -0.96390" -0.89187" ~0.34072 0.92982"
2 i & -0.91754"™ —0.85857" -0.09250 0.85637"
3 FERRA-O- I 0.78482 0.92352" 0.08970 -0.93557"
4 Hif e 2 3- BT hi AF R T -0.92116"  —0.95360" ~0.34962 0.94891"
5 HRH -0.88882" -0.97715™ 0.06209 0.98670™
6 PR F 0.43285 0.71030 —0.18543 -0.71260
7 SR 0.89155" 0.92484™ -0.20599 —-0.95853"
8 i 0.87325 0.98143" —0.04497 -0.98384"™
- 9 5,7- H A S TR 0.81166° 0.96205" 0.01947 —0.96434™
< B AR e * - ok
10 ARG 0.81626 0.94189 -0.03201  —0.96177
11 (28)-HHH ot 0.90868" 0.96683™ -0.02001 —-0.98842"
12 L1 —0.87578" -0.98172" -0.22992 0.96519"
13 F2E W 0.81059 0.96500™ 0.00517 —0.96418™
14 KRR R 740 0.77696 0.83057" —0.44205 -0.85729"
15 FARAEZR -0.91603" —0.82383" 0.09212 0.87574°
16 HEYERA 0.84997° 0.96222" 0.12845 -0.97175™
17 FrRER —-0.94136"  —0.99043" -0.08836 0.99811"
18 57-HHER 0.87541° 0.95412™ -0.15034 -0.97315
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Fhzk =2 4 DPPH OH ABTS' JE Sy
1 N-FIZRmEIE-1,4-T -0.91754"  —0.98572" —0.04432 0.99835™
2 T HE 0.75689 0.91517" -0.21056 -0.92652"
3 4 FIR 0.87469" 0.97525™ -0.00622 -0.98720™
4 4-FRHIL T —0.88429° -0.96770" 0.03707 0.98736"
5 3- PRI 0.73048 0.88531" —0.14505 —-0.89043°
6 3A4- RSB —0.90284° -0.98926" -0.01395 0.99363"
7 PRt 0.91170° 0.98352" —0.04437 —0.99341"
He 8 QIR -0.91977"  -0.99623" -0.10116 0.99049"
9 2,6- — H A S 0.89086° 0.96871" —0.01544 —0.99039™
10 1- 25 0.82636" 0.94691" 0.04114 —0.96459™
11 (-)-F5 fr 0.73305 0.80200 -0.23375 -0.86512"
12 ELTES 0.87559° 0.98073" -0.01014 -0.98913"
13 (Z)-A g -0.95771"  —0.98305" -0.06978 0.99550"
14 (1] FF 7y -0.93294™  —0.98421" —0.15504 0.99517"
15 4-FE LS —-0.91586° -0.97257" —0.08699 0.97122"
%5 DPPH [ rHIEVEBRAE S A C R B U & R 2 T IR,

£ 3-0-(6-O- N i 3k-p-D-Fj45 P 1) 5 OH H Ak
IR B HE 71 1 AH O R s N-P 2R IEE-1,4-T %
53 )5 A O R B AR R A X ABTS' H H 3t
I BREE S EAESC R = o BTSRRI T ae T
SyMT, KB A s BT DPPH H Hi3E. OH H
B L L i ) 5 OR T H A 25 S 3 A A
12 4~ 38 4~ F1 37 A4, W ABTS HIE F i & g wir
JE ) R4 22 AN .35 (P>0.05), iX R L BERT IR
Wi A4 S (A H A A 23 SE i AN [R] B A AL RE T 48
bro It FEREPU RIS 254 ot v 5 DU R LA AR AR
EIEAHM B Z RS BB E AL, G55 AT
A5 DU g 29 STt B S A TE P TR I R NI 2
A > > 1

K22 Sy R AP E L EE 1 Z RIS
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& &l fE 1 BRI 24 515 DPPH A1 OH H M
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3 e 54ER
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£ b, RIS SR IS 22 AR AT 4 K
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