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Abstract: [Objective] This study aimed to investigate the effects of Lactobacillus plantarum (L. plantarum)
fermentation on the metabolism of flavonoids and organic acids in mango juice. [Method] Six strains of
L. plantarum were selected for fermentation of the juice samples from two mango varieties ‘ Tainong’ and
“Guiqi’. The mass concentrations of organic acids and flavonoids in the juice samples were determined by ultra
high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Orthogonal partial least

squares discriminant analysis was employed to compare the metabolites in the mango juice samples fermented
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with different strains. [Result] L. plantarum fermentation significantly enhanced the total antioxidant capacity
(T-AOC) of mango juice. Furthermore, the composition of organic acids changed significantly, with a significant
increase in the mass concentration of lactic acid and decreases of over 99% in the mass concentration of malic
acid and over 10% in the mass concentration of citric acid. In addition, a total of 142 flavonoids were detected in
both unfermented mango juice and fermented mango juice, with 42 significantly differential metabolites
identified after fermentation. The KEGG pathway enrichment analysis of differential metabolites showed that
L. plantarum fermentation promoted the enrichment of products related to flavonoid biosynthesis and anthocyanin
biosynthesis pathways. Compared with unfermented juice, the fermented juice samples of both mango varieties
showed significantly increased mass concentrations of phlorizin, 3, 4,2, 4, 6’ -pentahydroxychalcone, apigenin,
cyanidin-3,5-0-diglucoside, and pelargonidin-3-O-glucoside and significantly decreased mass concentrations of
eriodictyol, luteolin, pinocembrin, pinobanksin, phloretin, quercetin, and 3,4,2" 4’6’ -pentahydroxychalcone-4’ -O-
glucoside. [Conclusion] L. plantarum fermentation significantly affects the levels of organic acids, anthocyanins,

and flavonoids in mango juice, enhancing the mass concentrations of bioactive components in fermented mango juice.
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TREEET TN EEREEHTAR
ZWEM R A e A A . R B
R R EZRFEE Y B A Co—C3—C6 4
s R EEIM AR VRE LS5 R L ST
By 93 55 05 TR $E E AR T P R A Y
o RE s RE R REEY RAH
S B IR B O DR T L DR i DA
PUBE AR 2 R ROICAT AR Y RE 08 1R B R
R AP O R L DT RS BT A, 2
SR I B8 L 400 R € R B IR R PR IR 2ORE 7K
S AT S0 O A T

AP 2L IR B G AR W AT R N T B i B2 v L
EEE R PTRAA S R R . BF R
WY, P LR TR A I 1) 5% 22 T By ) 4% R DF T o, A
TR o B LI I T 23 %, JRL L2 R o UK R
T3 RILRR I ER AER R R
Moy AR R 52 K AR T R R (BHED B A St
TR FUAELAT T8 AN R FLAT TR D B B 3R -7-0-7 T
Bif fit D 16 B3R5 RORE Al B2 3R -7-0- 75 T B i D il
B R Be A AR L T 26 3R T 2 5 00 A
FRBABRKE ML, MY AHEFEZ 51
MLF g 3 2 2% f = R 5 e H R 10 & e, 1
WL RS 6 T 3R AR J R U, AT O A T B
e

MY AT W AT R KB 2 M it
) L ARLAT B8 A B T DA 35 8 0 21 AL A T T
R B UL R R T A A E . A R

b, AW LR AT B CCMA0743 (3 1 % & 7l ik 3
1x10° CFU/mL, H K & G % Jig it & K B 7] 5 3
0.3 pg/mL" . FE K Z Y FLAEAT B NCU137 K
B, HIE R B R R IT4EH
Yy oFLM A B OHU-C2W KB G, Hoy-& & T R
(GABA) Jfi & ¥k B ] 39 n &2 3.92 g/L". gh b, 5%
Err 2 A B BC114 5 BRI % £F SC125 3t
A R % o 2 GABA & iR T #2 / 2 0.97 g/LM™,
187 FH AR 4 LA AT VR T R K G 0 AT R T mT DA o g
AR RS I A SR

FEL ) AR AT 1R 5 T T SR Hpovs 1 i A —
SE 5L AH AT AR W LA AT B R B R v b R R
B A B A b . IR E S R R
i, HOE S 0 R s R TR S P A A S Y R
MR R M EER R EHEUTRRA
TR R 5, 36 W 6 Ak 1 3 O I 1 AE 4 FLAE AT IR R IR
364 kL, R A2 JE#E 1) UPLC-MS/MSS %5 43 BT 7
L VRS T R A LR FF B B R T R R R
T R R TR DL KA HILTR R B 2R )
ARG 52 A, DA A S 0 % 0 1 4 44 B0 0 4
1 MES5J7ik
1.1 #r5iKF

CHERCTERMOEL TR TEHATHAR
o TR G . 6 BRAE A FURE AT B R I B K SR
H AR R I R, 28 16S rDNA K58 A MY FL R AT 3 .
BHRR: HARTCI AR HEE H KRN EH
Meker 2w ; 55 i : 3¢ B Sigma A 7] 79 T« B



Vol. 44 No. 5

AR AR AR R 4R B T
WAV THEARAA BB TR B TR RETT
RIEA TR s A AR - PF e il ) A8 AR - 1 R
7 s b e AR BR A A s T-AOC A Il 77
Gt EBEEREARAFA.

12 XE5EE

i RTRORH B i Y s Nexera X2 T, H A I i
oy @l 5 i i A : ABSCIEX 4500 QTRAP A, 5
SCIEX 2 ] 5 fay RV AH 3% 4% : ACQUITY UPLC®
BEH 7!, i # ACQUITY UPLC” BEH C18 & i
(2.1 mmx100 mmx1.7 pm) , 32 [ Waters A 7 ; Jii
A : AB4000 %Y , 3 [H SCIEX A ] .

1.3 7%
1.3.1 ERTABHROH &

TSR E R E B R RE I & 5 2
0.05% 2T 4k 3= B A1 Jot & 7 4 0.15% AR B , 40 °C
B ff 2 h, F2b A o sE 3R AS T gV . Kt RIS
T # 2 35 °C, 43 Jill 82 F 1x10° CFU/mL 3 £ (1) 18
YL 1~6 5, 247 T2 BT M IE IR (35 °CHO K
B . KB40 h )5, T 80 °C F /K E KA H 15
min, ¥ FE T -20 °)C N RA7 . R RE T
45 N TMGL, “ 6 &SRR 95 8 TMG2.
TMG3.TMG4.TMG5.TMG6.TMG7; ‘ -t~ &
Rt 9w 5 A GMGL, “HEB TR KBTS N
GMG2. GMG3. GMG4. GMG5. GMG6. GMG7.
AN E R 3K
1.3.2 AR

FA 3 4 0 5 1F W0 e w1 TR ) 0 A
K 2E MR R I e ks JE BE R R s R A
GB/T 12456—2021 " [ B8 5 72 CLAFL IR 1) I
A7 E R 5T B R 5 FH pH RS A I 52 pH s
SR T-AOC ; 3K H A Ak —FF J& ik Il i€ 5 ot
O3 05 R A 4 M6 FE TRV T bR UE D W E B 3
i) JoR 5 53 HK
1.3.3 A HLER 69 &

Z W SCHER (20119 77 925, 5K FH wn R0 A £ 3 -
TR 7R E 26 PR MLER I R EIR L R A
ACQUITY UPLC" BEH C18 fa i £ , EST £ & T HL
3, 2 5 N I I COMRMO 5 k47 1 3
1.3.4 B X4 i by €

1) % [ 1 42 B : 6} A -80 °C UK 8 Fh B HY (1) 15
ST RE S AT R R IR 27 10 s B 1S mL £

B EF: BEYIAEFELBNTRTPRIEYRRENERNZZM

il BEAT VR T NN 0.3 mL AR B4 B 70% f
B PN b 2 BUOWR , W8 e VR 20 3 min, T 12 000 r/min-
4 °C B 10 min, Y 5 EiE W, 4 0.22 pm L JE
ikt it 35 J5 Fl UPLC-MS/MS 34T #: 1

2) W AH 1 % 4 - ff H Agilent SB-C18 £ 1%
FE (2.1 mmx100 mmx1.8 pm) ; i 3 A7 « 17K B 2 %
0.1% F R - /KW, AR 73 %0 0.1% F IR - o G %
WU :0.35 mL/min; i 40 °C; EFE R 24 L.

305 1 2% < SR IE 47 2 Rl s B AT B0
KA. ESHEHEAESEW T 3 7R W mE 25 5 55
TR FE - 550 °C 5 B 1 W5 55 HL K (1S):5 500 V(IE
BB -4 500 VOB E TR D s B TR AT
(GSD A AMATCGSID A 75 < (CURD < 43 3l %
B N 344.74.413.69.172.37 kPa, fif 1 i & L B &
B B oy = H DO 4 8 A MRM B, JF
BRI (RAORE N,

4) 3 W 259 510 e R I < 3 T G
YA A= W BB A R 2 W] I MVDB V2.0 %1
I A AU P15 B A S EOHE B ) gk A5 R, X
T 2 o kAT e M AR I 5 B T = DY 2T R
(1) MRM i 17 25 i 28 9 o 1) 52 A DU, % i A 420 I
JFR Vi U6 1) e T AR AT AR 4) , B Multia Quant £ iE
AT €1 W (1 AR 4 FNRZ IE
135 $IBae

5 FH SPSS 17.0 11 % i 4 2k 47 77 2 4 #r
P<0.05 0% 2 7 & 3% , R H Origin 8.5 % 1 1E &,
i H R AT Z ngi it 54 .

2 #iRS5ivhwe
2.1 AEIERTHEBLIER

W TR, 5 RIE A G, fE A 70 AT B
REEM G AR TR A R A i b
T W I 2t 43 BRI TR OBE TR B R 1 3 BRI, T
T E TR R T, 3% WA A ) LA AT B TE
TRITPEAFRITFMAEKEE. STERETH
bl , A8 4 U A B R IS T SR R L PR R B
i) F JOT B VR FE P AR T R, A TR BR PR 2 TR A AE 22
o 5 A A R AR LG, M PR AT B 3 5 OR BRI
CHRCTERIT IR ERE R E RS, RE N
iR A
22 EYIENFEABTRTHNELEE

T S R A R AL AR ) B A AL R T AT

97



Journal of Food Science and Biotechnology

BE3028 2025 F 5B | RREEVEARER

®1 EYLEFELBERTHIELIER

Table 1 Physicochemical indexes of mango juice fermented with L. plantarum
- W56 WEYERETEY R R R ] i R TR = - ST R = LSS s TR
" BB ORBAR%  WE gL WP (/L) P WL B gL (gL
TMGI 17.4+0.00° 172.50+0.00° 5.78+0.50° 4.37+0.05" 8.39+0.22° 3.68£0.08"  0.67+0.00"
TMG2 15.87+0.42° 85.00+2.50% 13.29+0.25° 3.52+0.02° 8.43+0.27° 4.25+0.87° 0.73+0.15°
TMG3 15.03+1.01°¢ 79.17+7.64° 14.44%0.50° 3.49+0.01° 8.78+0.11° 3.90+0.08"  0.42+0.06°
CHELCTER TMG4 16.00+0.00° 95.00+2.50° 11.84+0.50° 3.53+0.03" 8.29+0.53" 4.20+0.24" 0.75+0.12°
TMG5 16.60+£0.00 107.50+0.00° 14.73+0.00° 3.49+0.00° 8.53+1.13° 3.42+0.10° 0.60+0.12%
TMG6 15.97+0.40° 87.50+5.00¢ 12.71+0.50° 3.49+0.01° 8.15+0.00° 3.69+0.02% 0.48+0.04"
TMG7 16.70+£0.00" 112.50+0.00° 14.16+0.50° 3.49+0.02° 7.19+0.59° 3.50+0.00° 0.65+0.04°
GMGl1 18.63+0.23° 192.50+5.00° 5.47+0.23° 4.05+0.01° 9.06+0.71° 3.19+0.12° 0.68+0.01°
GMG2 16.60+0.10° 175.00+2.50° 16.46+0.75° 3.42+0.01° 7.65+0.06° 2.99+0.14° 0.60+0.00™
GMG3 18.27+0.25 187.50+5.00° 17.62+0.50" 3.40+ 0.02¢ 7.76£0.22" 3.29£0.05"  0.54+0.09™
‘HEETH GMG4 16.53+0.06° 175.00+5.00" 16.76£0.25" 3.45+0.02" 8.29+0.34° 3.38+0.03" 0.62+0.16™
GMG5 16.63+0.15° 172.50+5.00" 17.33+0.00° 3.49+0.00° 8.15+0.11" 3.32+0.10™ 0.62+0.02%
GMG6 16.17£0.29° 165.00+7.50° 17.04+0.50" 3.45+0.04" 8.00+£0.22" 3.1920.08" 0.49+0.10"
GMG7 16.57£0.12° 127.50+5.00° 16.76£0.50" 3.45+0.03" 7.83£0.00™ 2.97+0.06° 0.44+0.05°
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Fig. 2 Mass concentrations of organic acids in mango juice fermented with L. plantarum
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Table 2 Proportion of the mass fraction of each flavonoid in the mass fraction of total flavonoids in juice samples of the mango

varieties ‘ Tainong’ and ‘ Guiqi’ BAT %
o R 0 0 M 3 T K0 B M 6 7
e Sr— — -
R R ERER omm wm —asm on PR m wmm e LD AR
LA BRI FAEH %
TMG1 87.38 0.59 5.40 2.78 1.42 1.30 0.24 0.10 0.23 0.11 0.44
TMG2 55.55 1.99 18.87 11.40 4.28 4.08 0.73 0.86 0.23 0.36 1.64
TMG3 73.45 1.15 10.90 6.91 2.62 2.48 0.42 0.50 0.20 0.33 1.03
G TR TMG4 71.30 1.23 12.03 7.46 2.85 2.56 0.48 0.47 0.20 0.33 1.09
TMGS5 58.34 1.76 18.35 10.98 3.56 3.46 0.63 0.70 0.28 0.47 1.49
TMG6 70.21 1.18 12.54 8.38 2.62 2.44 0.46 0.38 0.18 0.44 1.19
TMG7 71.53 1.13 11.97 6.94 2.91 2.78 0.47 0.57 0.23 0.32 1.14
GMG1 56.80 19.15 11.31 9.33 1.21 0.40 0.68 0.56 0.10 0.05 0.40
GMG2 21.80 32.93 21.00 18.18 1.78 0.73 0.86 1.63 0.12 0.10 0.87
GMG3 20.43 31.73 22.79 18.63 1.88 0.75 0.84 1.77 0.14 0.09 0.96
CEEE TR GMG4 21.01 33.56 20.79 18.26 1.93 0.76 0.87 1.65 0.16 0.11 0.90
GMGS5 19.23 32.79 21.47 20.11 1.89 0.74 0.83 1.71 0.14 0.10 0.99
GMGo6 20.16 32.02 21.93 19.47 1.85 0.73 1.03 1.66 0.19 0.08 0.89
GMG7 19.51 33.38 22.34 18.19 2.02 0.76 1.00 1.59 0.14 0.10 0.95
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