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Abstract: [Objective] This study aims to investigate the effects of spices on the microbial community structure
and volatile flavor compounds of Fuling pickled mustard tuber and explore the correlations between dominant

microbial genera and volatile components. [Method] The effects of spices on microbial community structure and
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volatile flavor components of Fuling pickled mustard tuber were investigated by high-throughput sequencing and
headspace solid-phase microextraction (HS-SPME) coupled with gas chromatography-mass spectrometry
(GC-MYS). Pearson correlation coefficients were calculated to reveal the correlations between dominant microbial
genera and volatile components. The mass fractions of total acids, nitrite, and reducing sugar were determined.
[Result] The dominant microbial genera in the pickled mustard tuber without spices addition (control) were
Lactobacillus (35.61%), Halomonas (15.13%), Leuconostoc (10.40%), Debaryomyces (77.51%), etc. In the
(80.49%), (43.17%),

unclassified k Fungi (28.33%) were dominant. A total of 60 volatile flavor compounds were detected in the

pickled mustard tuber with spices addition, Lactobacillus Debaryomyces and
control group, with the total mass fraction of 1 286.94 pg/kg, mainly including esters, organic sulfides, and acids. 84
volatile flavor compounds were detected in the spices addition group, with the total mass fraction of 14 304.21 pg/kg,
mainly including alcohols, ethers, and acids. The pickled mustard tuber with spices addition had higher total acid
mass fraction (10.95 g/kg vs. 7.14 g/kg) and higher nitrite mass fraction (5.57 mg/kg vs. 3.13 mg/kg) than the control
group. Lactobacillus showed positive correlations with alcohols, ethers, alkenes, acids, ketones, and phenols (P<
0.001) and negative correlations with organic sulfides (P<0.001). Debaryomyces, Halomonas, and Leuconostoc
showed negative correlations with most volatile flavor components (P<0.05). [Conclusion] Spices can increase the
acidity of pickled mustard tuber, the relative abundance of Lactobacillus, and the number of dominant fungi. By
regulating the abundance of Lactobacillus, Wallemia, and Alternaria during the fermentation process, spices help
improve the flavor of pickled mustard tuber.
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Table 1 Physicochemical indexes of pickled mustard tuber samples
w5 AR BRI B SRR B I RO B B
(mg/kg) (g/kg) (g/100g)
X34 5.57+0.12 10.95+0.15 0.09+0.01
X4H 3.14+0.15 7.14+0.03 0.27+0.01

22 BEMAMNEREXRMEDZHMEAE I
22.1 o EH
W2 fros, AN Ee i, X4 4H 40 18 1 ACE $5
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Table 2 Alpha diversity indexes of pickled mustard tuber samples

WA 205 sobs fi £ ACE 8% Chaol 5 % Shannon & % Simpson 1§ %4
. X34 205.00+£10.58 205.56+11.24 205.05+10.67 1.84+0.05 0.31+£0.03
A X4 4 172.67£10.97 174.83+9.39 173.28+10.36 1.19+0.11 0.53+0.03
. X34 149.00+11.00 149.19+11.00 149.3+11.02 2.36+0.07 0.23+0.02
S X4 4 92.33+£2.08 92.33+£2.08 92.33+2.08 1.12+0.27 0.61+0.11
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Fig.3 Relative abundance of bacteria in pickled mustard tuber samples at phylum and genus levels
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Fig. 4 Relative abundance of fungi in pickled mustard tuber samples at phylum and genus levels
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Table 3 Mass fractions of volatile flavor compounds in pickled mustard tuber samples
. J5 i AU/ Cpglkg)
il CAS 5 {4 B4 1 1] /min 5V R 53
X34 X4 4

141-78-6 1.891 LR LT 6.58+0.29 1.93+0.68
2445-78-5 3.993 2- R TR HR RS T — 3.56+0.94
123-66-0 4.125 iE 2 41 6.24+0.80 —
687-47-8 5.183 L-A 1% T 26.31+0.93 —
97-64-3 5.185 FLIR L1 33.38+7.32 5.02+0.73
106-32-1 5.902 E B L 7.79+0.43 6.13+0.59
3856-05-1 6.847 S 1R 95 W B — 5.28+1.31
80-26-2 7.703 a- PR KA I g 9.15+2.24 —
125-12-2 7.196 LR 5K )T T 7.45+1.81 —
5655-61-8 7.198 Te e R VK v i 6.74+1.28 —
110-38-3 7.611 TR LR 5.50+0.49 7.57+0.57

S 150-84-5 7.813 LR F T 7.45+1.20 —
158-16-8 7.967 5,7-3 T Hf-1-JE — 2.91+0.55
627-90-7 8.504 —m 2 M — 2.19+0.67
83-17-9 8.632 T3 1-FE T = AR R R TR — 6.14%0.12
105-87-3 8.652 Z IR A 20.97+1.86 —
119-36-8 8.916 KA 2 7 i 6.61=1.11 3.81+0.78
103-36-6 9.984 LR LT 16.20+1.08 —
124-10-7 11.450 + DU ot 1 — 3.61+0.44
124-06-1 11.955 +IURR £ 34.25+1.51 11.69+1.28
7132-64-1 12.825 + TR T e — 1.71£0.41
41114-00-5 13.371 + 1R T 12.23%1.19 6.28+1.05
112-06-1 13.564 B 12.14£1.56 —
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Ji = 5 HU/ (uglkg)
[iES CASS & B N 18] /min RN AR il 23
X34 X444
112-39-0 14.288 FRAE IR H i — 154.43+1.14
546-22-4 15.220 9-F N BR M R £ T 9.21+0.48 4.93+0.09
55682-88-7 16.731 =11, 14, 17-2 Bk = ) B2 9 5.36+0.21 —
e 111-61-5 17.913 QAN ¥ 5.67+1.56 3.85+0.58
58-52-1 18.351 9T, 11 J5z -3 e 37 itk 12 FP 1 19.60+0.99 28.13+1.93
301-00-8 19.352 IV JBR R 20.33+1.32 39.7942.20
1191-41-9 19.857 KRR 2. T 164.99+3.53 182.63+7.27
67-63-0 2.627 B 44.57+3.85 —
470-82-6 3.927 Fiz vt ity 114.04+14.40 —
3391-86-4 4.942 -3¢ 45 -3- B — 3.85+0.37
78-70-6 6.849 75 4081.61£65.90 6.16+1.16
562-74-3 7.341 415 475 I 553.34+21.59 7.80+1.20
696-71-9 7.390 o B — 2.554+0.35
108-93-0 7.663 4-C1-F 3 25O 3 Ol 10.76+0.28 —
. 98-55-5 8.118 oA 1 564.93+29.83 4.45+0.30
s 106-22-9 8.694 g 46.48+4.91 —
106-25-2 9.048 P A6 34.39£1.62 —
1960-12-8 10.251 R 29.60+3.16 11.64+0.48
7212-44-4 11.804 T A AN 150.06£6.16 —
122-97-4 11.970 3-2R P 25.29+0.56 —
489-86-1 12.911 K i I B 14.67+1.49 —
481-34-5 14.425 A-EE R Tt 12.87+0.50 —
513-85-9 20.456 2,3- 7 " 124.29+12.38 —
99-83-2 3.485 I I 10.48+0.60 —
123-35-3 3.570 VERER 8.72+0.38 —
5989-27-5 3.806 D-Fr 15 ) 155.11+4.10 —
109-67-1 3.931 -1 — 8.84+0.69
80-56-8 4.113 a-JR I 15.38+1.19 —
99-85-4 4.235 y-A4 I 90.98+9.51 —
(e
6753-98-6 7.961 a- W iR I 12.81+3.53 —
99-83-2 8.319 RO A 2 7K A 8.41£2.59 —
99-86-5 8.414 a-F2 T i 121.40+6.58 —
87-44-5 11.165 S AT I 19.86+1.07 —
1139-30-6 11.178 AN 10.46+0.60 —
54324-03-7 16.732 (Z,Z,2)-F1-1,8,11,14-PU 47 3.40+1.13 3.10+0.05
409-02-9 5.108 FH 35 A7 — 1.5240.21
471-15-8 5.887 ()-F 22.20+0.37 —
546-80-5 6.041 0] 41 P 36.92+2.31 —
89-81-6 8.446 AR 53.79+6.49 —
iTES 3796-70-1 9.638 B W A 4.47+0.34 10.86+0.62
14901-07-6 10.592 BT A — 3.33+0.96
52978-85-5 11.365 3-MF 1A AR R (4.5 198 -2 9.29+0.41 7.25+0.58
89-84-9 11.741 2,4- R H R L 10.55+1.64 18.34+2.03
699-83-2 11.752 2,6- R L 10.61+1.63 9.99:+1.30
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J 5 HU/ Cuglkg)
[iES CASS & B 1§ 18] /min RN K il 23
X34 X4 4

1450-72-2 13.935 2-FRHE-5-HEL IR 2T — 1.17+0.24
10422-88-0 17.013 1-(2,5-Z 5 He-4- A R 56 4R — 2.85+0.41

LES 684-16-2 18.294 7N 98 A T 34.32+1.39 —
19012-02-3 18.437 1-C1-F B - T H -0 Wk -3- 42 - 1- . T 1.81+0.18 7.45+0.49
1911-78-0 18.652 TOALPHA-¥% J: H 4% il 2 14 -4- il 4.87+0.64 —
144-62-7 4.129 R 650.03+31.39 34.64+1.54
64-19-7 6.135 Y7 664.91+31.03 65.97+5.57

&S 63169-61-9 11.607 2- F R T TR R TS — 13.94+3.67
560-27-0 20.441 2,2- TR EHN 70.74+3.78 44.05+2.36
141-82-2 20.602 AR 574.68+20.73 69.86+2.41
100-52-7 6.735 o 3.26+1.00 4.80+0.36

[ 122-78-1 7.724 KL 15.46+2.55 10.21+0.57
5779-94-2 9.269 2,5- TR OR T 7.87+1.98 7.64+1.84
75-18-3 1.552 L T 2.61+0.34 4.20+0.41
57-06-7 5.676 ST TR 0 7 T 13.77+0.80 125.9249.61

HHLE ALY 764-49-8 6.113 75 TR 7 R 7.60+0.73 12.92+0.12
3386-97-8 6.161 3-TT M R T R B 7.63£0.77 12.69+2.35
2257-09-2 14.358 S R -2- K L1 224.22+4.11 188.27+6.81
108-95-2 11.414 EN] — 4.43+0.85
93-15-2 11.473 T &H 27.80+2.51 —

Ty 2 97-53-0 13.521 TTF&EmH 147.96+5.39 —
123-07-9 13.685 4-Z KKy 16.17£2.30 2.99:+0.84
89-83-8 14.227 EEN 12.84+2.84 —
13179-96-9 2.019 1,4- 2 HAR R T e — 5.920.99
140-67-0 7.921 A0 T J 2 R 389.88+84.96 —

. 104-46-1 9.393 X T s B T 7 4226.58+159.20 9.55+0.91

R 93-16-3 13.740 st 1 Ay Tk 7.254+0.68 —
487-11-6 14.382 &= 16.99+0.87 —
607-91-0 14.904 PR HH: 52 ik 27.22+1.24 —
126-98-7 3.749 FR 3 T 04 I 9.39+0.95 8.51+0.99
54-11-5 9.798 3-0(28)-1-F HE L mt o -2-J Tnk m — 3.30+1.40
94-59-7 9.906 B R 7.19+0.33 —

HoAh % 140-29-4 10.674 3-FEAFE R LI 2.23+1.01 10.42+4.14
4229-91-8 11.435 24 FE R 5.14+0.36 7.14£0.42
645-59-0 11.833 BNy 5.41£0.36 7.1440.42
126-98-7 18.430 1- 1 35 -3- 2, 1 g i 1.81£0.18 7.4240.46

25 EEAMRKAESSHEMBAIEXESH

W S R A RO i 73 52 SR ORE R AE AN T
ST A 2 VA R v AR W A R
R B2 BT B R B .y TS AR
5 S Rk KR i 2 1) B9 AR Ok P, B T
Pearson A 5% 28 K70 #r 17 4% Al S8 4% K M IR AL &
Y5O0 A 0 e RO =R B HE 44 R0 5) 22 T8 1Y

MRKR, A RWE S5 PR, FLH B8 5B ik
EN I CE SN N TP I AR NI S
(P<0.00D) , 5 F MY & & & E AR
(P<0.001) , FL AT B8 J& % M 2% XUk 19 T2 B 25 D) AR
5, IX 5 54 WERCR Tang 2507 ) 0F 70 45 M A .
R B R L B R R R R B L R S R TR
MR B Ay AH G ME — 3, B S IS VR R R R R
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Table 4 Quantity and mass fractions of various volatile flavor components in pickled mustard tuber samples

X34 X4 4
(HES
g o HU/Cpg/kg) g JF 4 $/ Cug/kg)
[ZES 14 5 806.90+£166.64 6 36.45+3.86
ik 2% 5 4667.93£264.97 2 9.55+0.91
(&S 4 1 960.36+86.94 5 228.46+15.54
[LEES 22 444.16+33.20 20 476.68+22.95
P S 11 457.55+33.55 2 8.84+0.69
(GBS 10 188.80+15.39 9 62.76+6.83
[EES 3 26.60+5.53 3 22.65+2.76
A LAY 5 255.83+6.75 5 344.00+19.29
[IES 4 204.78+13.08 2 7.42+1.70
Hofth 2% 6 87.08+8.01 6 82.70+11.07
5 s 84 14 304.21+£245.01 60 1 286.94+24.68

1.0
Lactobacillus 0.5
Halomonas I 05

-1.0
Leuconostoc
Salinivibrio
Halanaerobium

(a) 4H B 5 F 2 M XU B2 2 (R AR S
1.0

Debaryomyces 8‘5
Holtermanniella :?(5)
Alternaria

unclassified_k_Fungi

Wallemia

(b) FUB 5 A XU B2 R R G

I3 2 A OE(P<0.05) s+ — 2 35 41 96 (P<0.01) 5 %% — 15 B 2 35 4 5% (P<0.001)
BS5 HFEE ALY mE o L 548 A Rk R o 8948 Xt o AT
Fig. 5 Correlation analysis between dominant bacterial and fungal taxa and volatile flavor components of pickled mustard

tuber samples
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VR KAy 2K B R R 3 U G (P<0.001) , 5
ALY 2w B3 IE A O (P<0.001) . fE
FIREEREE MR EERAAEE, 5K
o FE R KR AL S ) P S8 B U oG, o S5 28
B 3 UM R (P<0.001) , 10 7K 4505 (1 g
FUR A 8 R R REJE 5 S XU 5 OEAE O,
LRBE 545 A I, AT RE S R R RL R B AR
FAA 0%, THHHJE 5 hE 2 B2 EAH G (P<0.05) ;
MR SRARESEEE EMHEKLP<0.00D,5
A 2K W 2 2 IE A 2% (P<0.01) , 5 g 28 F A HL R AL
W) 852 AU 98 (P<0.05) .

3 &l

5 2 35 T vy 38 2 0 R R 0 25 () AR AR R B
AH €0 4% 5 3 B ] (HS-SPME-GC-MS) # R ¥E W] T
IR 2R CHOM AL+ = 3 ) 6 35 B MR Sk
W 2 BEPE CHE R R 2 () RS T s T M SR A
B2 VA TR 3k A8 J5RE T & O 205 B R L IR AR
T EBERB Y B S FE R R PR R 1
FHOCTE o 5 TR W) 22 BE 1R 7 T, o HE 2 4 R AR
R AAAEE RS SR8 S,
A 3 RE 0 W IS AT TR R A 4 R A B B R R
HEZH LT 8 KA 4035 s B 1 R IR BB
O 4 0 B R BE L N N A S RIS N T B B JE UK P
e 34 TR A A, A R IR B S BRI . TEFE R
P R 5 T, AR T 6 R AL, A S R o B I 4
0T PR R 4y e R B BRI AR S . B AL AR
s 77 THT 5 FH LT B W A o R L O T M
S TR R BB 00 R &k 50 & 4 B, B AR T 38 5 RE
B MY T, AT EE VT E
FVEE b £ 8 5 P R M R R A SRR — 8,
Ko 45 R Ve KR i o R IEAR G, Hodb , AT R
1 BN BN E SN &SN U BN
F IE M 98 (P<0.001) ; £ ELF) (K % BF & | 2k o Al B
J& B ER Tk B RO WE 2L B S PR XU 4 A
KM — B, 5 K o H8 RME UR BR 7 5 RORE O%
Ho, MowdmmkBApwES 2 & fE RS AR
(P<0.001) . HF 5045 B3 W, 76 7 3¢ JE i I s 0 2
SR CBURU TR AR - = D) RE 3 N8R JE 2 = LR
PRI JE8 PR RE R = BE RG0S R SRR
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A BT o5 M SR R
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