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Analysis of Microbial Diversity and Flavor Quality of Chopped Pepper
Radish in Post-ripening
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Abstract: Comprehending the changes in the microbial community and volatile substances throughout the post-ripening
stage of chopped pepper radish is particularly important for revealing the formation of the distinctive flavor of fermented
peppers. The microbial communities and volatile compounds of chopped pepper radish in the post-ripening stage were
examined in this work using high-throughput sequencing (HTS) and headspace solid phase microextraction gas
chromatography-mass spectrometry (HS-SPME-GC-MS), as well as their underlying correlations. Results indicated that 11
dominant fungal genera and 21 dominant bacterial genera (average relative abundance more than 1%) were filtered out.
Sensory analysis showed that the flavor and taste of chopped pepper radish were significantly improved after post-ripening
(P<0.05). A total of 74 volatile flavor compounds, mainly alcohols and esters, were detected in chopped pepper radish.
According to correlation analysis, 29 volatile flavor substances and 11 core microbial genera (Jcor[>0.7 and P<0.05) were
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significantly related to one another. Pediococcus, Lactococcus, and Penicillium were significantly related to 11, 6, and 5

flavor substances, respectively. The findings in this study demonstrated how metabolites changed as chopped pepper radish

underwent the post-ripening process and offered evidence to support efforts to raise the quality of chopped pepper radish.

Key words: chopped pepper radish; high-throughput sequencing (HTS); microorganisms; volatile flavor compounds;
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Table 1 Sensory evaluation standard of chopped pepper radish
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JE AT PCR P18, 18K 2. 4 pL 5xFastPfu £ i
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0.4 pL FastPfu 4%, 10 ng DNA #i4k, ddH,0 #b
JEZ 20 pL. 4HE V3-V4 a] 28 X P 15 4k 338F
(5'-ACTCCTACGGGAGGCAGCAG-3') Fll 806R(5'-
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ITSIF(5-CTTGGTCATTTAGAGGAAGTAA-3") Fl
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W5, PR 95 °C WASPE 3 min, 27 G ER
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Ay AR, TE 70 °C T4 15 min, ZZEHCELTHZS [
40 min, FEHEFE T 240 °C THE 5 min, Bf)57E GC-
MS EHLME o

GC %14 : DB-5MS E 4144 4 (30 m<0.25 mm,
0.25 pm), RS (LIEE: 99.999% ), Jii# 1 mL/min,
ARGy, AR TR EE 240 °C, FHEFRF: 40 C
A-FF 5 min, L 5 °C/min _ETFF#] 150 °C, £4£4F 3 min,
SRIGLA 5 °C/min _FFZ 240 °C, f£%F 5 min,
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anEl 3 T, 4N B A B PR PR 38 3R B0 0 R
0.0745 F11 0.0001, FKUHFIHE bARIR S 2 Bl A
Y2 W . MWEJTE, DO, D3 1 D14 REAAH 5
A&, UL EAT 1 =Z R AR RS 25 A AL (& 3A), T EL
B DO Fil D14 FEAAEXTHE . BLA BB A b
) D7 FEASE) 5 HADREA S B, RIS 451 55
AEsFE] A 25 5.



S 132 - £ ol B 2023 4F 10 A
2 MEE D a-ZFPEREL
Table 2 The a-diversity indicators of chopped pepper radish
Bt 2 FR
(GRS ZRETEEL
DO D3 D7 D14
Chaol 102.566™ 134.93+14.1% 81.52+30.65° 169.6+47.05°
Faith_pd 8.95+0.22° 11.17£1.14° 8.68+2.28" 12.05£1.99*
I Observed otus 1026 135+14% 81x31° 169+47°
Shannon 5.75+0° 5.07+0.26° 5.2+0.34% 6.34+0.22°
Simpson 0.97+0° 0.89+0.02° 0.95+0.01° 0.97+0°
Chaol 90.33£11.9* 116.33£30.62° 74.33+£20.98* 115.33424.14°
Faith_pd 18.7+1.4* 21.7+3.42% 15.94+4.33% 21.76+2.38"
H Observed_otus 90£12* 116+31° 74+21° 115+£24°
Shannon 2.95+0.11* 3.35+0.38" 2.51£0.25° 2.88+0.26™
Simpson 0.64+0.02° 0.73+0.09° 0.61+0.05° 0.62+0.06"

FE: TR FAR/ING FRER R FR 25 5 1035 (P<0.05), Sl FREF R 2 78 B (P>0.05)
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Fig.3 Bacterial (A) and fungal (B) community NMDS in the
post-ripening stage of chopped pepper radish
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B 96% LA L, MHHHF T T TAEXT BT 2.63%.
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[CRAJEAE A N 5 2] = B e 4 B s, RS
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Table 3 Types and contents of volatile compounds at different post-ripening stages
K R (min) v itueke)
DO D3 D7 Dl4
[ SE S 22.64+4.48 9.55+2.97 20.81+14.04 42.26+17.36
Al 13.83 B-URI 1.45+0.34° 0.20+£0.14° 0.92+0.20° 0.85+1.20°
A2 14.04 3-23-14-C 0% 1.77+0.33° 0.55+0.27° 1.39+0.92° 0.56+0.24°
A3 15.09 BB 0.40+£0.28® ND 0.27+0.21® 0.51+0.07°
A4 28.37 o-ZE I 5.44+0.75% 2.24+0.70 5.34+3.53% 10.49+3.77°
A5 28.79 e 7.40+1.99® 3.30+1.30° 7.69+5.45% 17.47+7.68"
A6 29.21 B-L0E 2R 1.65+0.45% 0.54+0.24° 1.56£1.27% 3.62+1.70
A7 29.55 A-FERME 0.260.12° ND 0.11+0.08" 0.30+0.21°
A8 29.75 B- fi5 K M 3.941.30® 1.51£0.52° 3.40+2.44% 8.04+3.40"
A9 34.07 (+) -y Ui 0.36£0.21* ND 0.14+0.05" 0.42+0.08°
[HEES 13.82+1.62 6.49+1.56 8.75+2.93 12.5+1.36
Bl 10.5 2-F B IR A 3.52+0.14" 3.21+0.44° 3.26+0.50" 3.2240.59°
B2 23.27 2- 1.85+0.52* ND 1.19£0.51° 1.54+0.38°
B3 27.38 Tt HEPI R 3.08+0.44° 1.45+0.40 1.17+0.97° 2.97+0.32°
B4 28.28 B-ET TR 5.37+0.73" 1.83+0.80° 3.13+1.23® 4.77+1.26"
23 60.16+40.15 20.73+2.41 18.86+2.41 21.8142.10
Cl 14.36 TS 0.42+0.30° 0.40+0.13° ND ND
2 14.56 (E,E)-2,4-B¢ I 2.39+0.17° 0.58+0.38" 1.80+0.77% 0.82+0.58"
C3 16.15 2- IR 1.50+0.23 0.61+0.22° 0.98£0.24% 1.07+0.20%
C4 20.79 R 3.94+0.30° 3.9440.16° 3.8240.10° 3.85+0.40°
Cs 21.72 (2)-3,7- I H=E-2,6- Ik 19.68+16.69* 4.03+0.52° 2.30+1.72° 4.20+0.44°
C6 22.42 (B)-2-Z8)dME 1.06£0.30* 0.78+0.25° 0.80+0.15* 1.35+0.48"
C7 22.57 A 26.77+23.22° 5.51+0.88" 4.15+0.61° 5.5+0.82°
C8 23.7 i 1.71£0.09* 1.79+0.28° 1.41+1.01° 1.62+0.25"
9 26.42 FRERE 2.12+0.39° 2.22+0.49° 2.82+0.26 2.39+0.19°
e 6.90:0.61 8.85+2.62 7.2542.10 8.96+3.15
D1 13.42 N 1.36+0.09° 1.29+0.14° 1.80+0.29" 1.57+0.06®
D2 29.08 2,4-RUT KW 5.53+0.70° 7.57+2.70° 5.45+1.85" 7.38+3.18"
2 122.74+48.33 65.49+15.78 78.034.66 106.81+24.61
El 14.15 IEC R 21 ND 0.42+0.09° 0.24+0.18° 0.28+0.04°
E2 15.69 - CE 2 B Te 0.35+0.06" ND ND 0.03+0.05"
E3 20.26 N oiNE 5.99+0.36" 7.03£0.46° 6.01+1.23° 6.39+0.62°
E4 20.36 kA% g 0.86+0.07" 0.28+0.21° 0.79+0.31° ND
E5 21.53 BRI g 3.13+0.60° 3.1740.56° 2.62+0.65 2.56+0.57°
E6 23.07 LFRVK iR 64.18+£37.39" 46.07+15.18° 41.39+3.50° 42.86+12.72°
E7 24.13 CTRBk A AATR 4.66£3.76 3.4042.25° 2.3120.19° 2.48+0.89°
E8 25.57 ZRFM TR 42.06£9.74™ 4.44+3.94° 23.72+47.70% 50.52+16.13*
E9 29.87 ARk R 1.3420.04° 0.54+0.31° 0.81+0.42° 1.41£0.29°
E10 31.38 SR A R 0.15+0.10° 0.04+0.01° 0.04+0.01° 0.18+0.08°
Ell 42.13 FEAEAR TR 0.02+0.03" 0.110.03° 0.09+0.06° 0.11+0.10°
fisks 159.68+22.94 61.62+29.68 149.76+34.82 166.22+5.15
F1 15.17 AR 58.43+10.06" 38.6+27.54° 77.64+18.24° 71.75+10.49°
F2 20.06 A-TIREE 2.56+1.38" 0.23+0.17° 0.92+0.33® 2.29+0.75°
F3 20.5 RN 19.66+3.35 6.69+1.23° 13.88+3.13" 16.2+1.06°
F4 21.39 i g 8.02+1.36° 1.47+1.11¢ 4.88+1.29° 6.84+1.10%
F5 22.08 iy 59.19+3.50° 11.42+3.55 45.39+10.73" 58.53+6.46°
F6 24.81 Fiti R A 2 5.17+1.67 ND 3.09+0.68° 4.18+1.35°
F7 2522 2- T Hre 0.28+0.40° 0.30+0.21° 0.26+0.18° 0.60+0.43°
F8 27.46 1-£ =1 0.29+0.14° 0.62+0.15° 0.25+0.04% 0.03+0.01¢
F9 28.14 F AR 2.38+1.13° 1.46+0.19" 1.98+0.61° 1.69+0.26
F10 31.01 2R A A 1.54+0.84" 0.40+0.13° 0.65+0.33° 1.76+0.76"
Fl11 33.98 - 2.18+1.27° 0.43+0.31° 0.82+0.22% 2.36+0.53
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Hk3
N i (ng/kg)
75 13 B4 B 18] (min) AL/ EA
DO D3 D7 D14
fekak 6.50+2.56 8.48+1.84 8.92+1.31 6.29+0.56
Gl 16.04 2,6,10-= I FE- PO f 0.10+0.02° 0.11+0.02° 0.14+0.10° ND
G2 20.62 + k% 1.87+1.37* 1.94+0.24° 2.67+0.60° 2.07+0.03°
G3 22.76 2,6,11-=HI I+ —he 1.73+0.32* 1.48+0.11° 1.12+0.80° 0.89+0.76"
G4 24.06 4,6- " HH Tk ND ND 0.81+0.23" 0.33£0.25°
G5 26.18 + Pk 2.43+1.14* 2.40+0.57° 2.3740.12* 2.42+0.14*
G6 28.96 ET Ak ND 1.26+1.25° 1.17+0.86" ND
G7 3233 IE75%E 0.04+0.03" 0.46+0.26° 0.14+0.11® 0.14+0.10®
G8 35.27 E-EE 0.34+0.13" 0.83+0.38° 0.44+0.18" 0.43+0.18"
[i7ES 140.08+21.57 22.02+1.07 133.45+12.01 111.80+9.20
H1 3.68 SRR R 0.10+0.07° 0.21+0.06° 1.03£0.47° 0.34+0.08"
H2 18.88 124 116.73+20.52° 0.28+0.10¢ 104.71+7.87%® 86.68+9.5"
H3 19.28 SR 11.08+0.98° 15.56+0.91™ 22.28+4.03° 19.710.49"
H4 23.86 8- FLT--6-JAiTiR 1.43+0.09° 1.18+0.15° 1.38+0.38" 0.97+0.20°
H5 25.13 WiE 10.51£1.57° 4.47+0.41° 3.82+0.53° 3.93+0.28"
H6 4138 FRAE R 0.23+0.04® 0.33+0.07° 0.23+0.05® 0.17+0.03°
FEIENR 1.11£0.31 1.12+0.15 0.23+0.22 0.70+0.53
Il 8.97 IR 0.210.04* 0.14+0.03* 0.03+0.04° 0.09+0.11%
2 9.37 Xof R 0.34+0.14%® 0.66+0.2° 0.19+0.16" 0.37+0.22%
I3 9.36 B 0.24+0.21° 0.28+0.24° ND ND
4 10.09 R 0.06+0.01* 0.04+0.02% 0.01+0.01° 0.04+0.03%
15 14.99 B-FPHER 0.25+0.18* ND ND 0.20+0.17"
[PRES 2.03+1.55 0.39+0.14 0.66+0.16 2.38+1.82
J1 12.32 B 2.03+1.55° 0.39+0.14° 0.66+0.16* 2.38+1.82°
e 38.63+8.78 7.31+6.04 15.26+7.53 6.13+4.59
K1 16.83 IR R 38.63+8.78° 7.3146.04° 15.26+7.53° 6.13+4.59°
HAh 2 16.34+4.42 4.95+1.70 8.37+2.70 11.4442.32
L1 19.81 KA 12.3142.56° 3.354+0.59¢ 7.64+1.76° 9.35+1.23%
L2 21.19 FhidET 0.56+0.78" 0.17+0.24° 0.34+0.48" 0.4240.59°
L3 23.24 il ND 0.72+0.16° ND ND
L4 26.54 e irres 2.64+0.53° 0.54+0.47° ND ND
L5 26.89 VELUES 0.13+0.09" 0.17+0.24° 0.39+0.46® 0.88+0.25°
L6 32.73 (2)-p-f5Fi KA 0.51+0.28" ND ND 0.55+0.17°
L7 34.66 AR EY 0.19+0.18* ND ND 0.24+0.08"

T F—A7 5 BRI FR BA 35 22 57 (P<0.05) , NDFRZR AN iz

FRAR b 37 2 XU 5 A TS T DA — 2 IR 171 265 DU
S RIS, TE OPLS-DA R [ 25 Jim st 8] B LA
IFEESE T B DU G R 1) 55— S BR AL 3y, (BASIE R A2,
A W) OPLS-DA FRIE rh, AR J5 S BSR4
SR AR AEAN RIS RR, 15 BH AN 6] f5 B ) B4 A P XU
YR e R 35 (P<0.05) .

B i S Fe e s (37.17%+0.07% ), h 28]
U N FEEES W, X SRR ST A R —
B, SEOERE. a-PATMEE . FITEL . FHIEEEL BE R A
W5, BRI R S AR RS T, Y7 D3RR
6%, B S 386, AT fE 2 5 RE T D s 4k s N B
P, SR RN EH S RIS AL E I BOR AS
B, ELAAH 2408 RS, - P TSR TR AR TS S A
BT B2 AP EA BOR S, WL
PRI A A s B I I BT R T B 1 A AU s -
FE I EAE — R T AR P

HYR SR HA /K R R ) BEZE 51 (26.78 %+
0.03%), F 22 H BEFNAR I BR AL I i =2 o &8 fm 2k
S, SRS ORRVK A TR . LA R . LBk
S WETER . A BRERENER . LR IR G E R IR

B SRR A M ARSI T T R N EF IR,
CLR 2T « BRI £ T 2 DX 3537 5 SRR 2 T AL
) SR ZEHESS Y Y, e s B S A TN .

IR S IR A BE 2SN 5T (8.46%+0.04% ) 5 1
D, AN (Z2)-3,7- W EE-2,6- TR
SR | 2- VMR AT, T U T DL SR A R TR B
I JEA AN PSR AR SR A ST S GaH, A5 10
HHPRES T S A AR v DA R B S 180, SR IR 2 IR
B W1 7

IR G R HoA B R B E Y =
TR R B, KR T A AN D BB AN, GRS
IF RIS BT R B —E TR . Hodh - a-
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Fig.6 The PCA (A) and OPLS-DA (B) scores of the volatile
flavor substances at the post-ripening stage of chopped
pepper radish
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Table 4 Important differences volatile flavor compounds

R B o 1]

s (min) SI Cas # ey VIPfH
BF1 13.42 837 108-95-2 Phenol EN 1.21471
Cl1 20.5 910 98-55-5 a-Terpineol oA 1.07023
c2 21.39 861 106-22-9 Citronellol A 1.07195
C3 22.08 913 106-24-1 Geraniol iy 1.10751
C4 24.81 852 150-84-5 6-Octen-1-ol, 3,7-dimethyl-, acetate Tl P 7 2 Pt 1.04992
Cs 31.01 829 40716-66-3 Nerolidol Sz 2R A A 1.11096
C6 33.98 830 473-15-4 beta-Eudesmol PRt 1.03234
FX1 8.97 757 100-41-4 Ethylbenzene HR 1.06938
FX2 10.09 896 100-42-5 Styrene KM 1.08217
LM1 16.83 817 2179-57-9 Diallyl disulphide IR 1.19662
Q1 14.56 837 4313-03-5 2,4-Heptadienal,(E,E)- (E,E)-2,4-BE i 1.22639
Q2 16.15 794 2548-87-0 2-Octenal,(E)- 2R 1.0479
QTI 19.81 920 507-70-0 endo-Borneol iy 1.05961
QT2 23.24 745 274-40-8 Indolizine w5 1.13567
QT3 26.54 836 123954-93-8 cis-Raphasatin i€ isies 1.25886
QT4 26.89 748 1139-30-6 Caryophyllene oxide AR 1.0057
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QT5 32.73 761 58319-05-4 (Z)-p-Sesquisabinene hydrate (Z)-p-fEtmiK G 1.13322
QT6 34.66 719 145512-84-1 trans-Sesquisabinene hydrate AR EY 1.0466
S1 3.68 877 445-29-4 Benzoic acid, 2-fluoro- LB TR 1.28545
S2 18.88 933 110-44-1 Sorbic acid T 1.16366
S3 19.28 873 149-57-5 2-ethyl-Hexanoic acid, SR 1.2996
S4 23.86 766 21382-25-2 8-Methyl-6-nonenoic acid 8- HT--6-J M2 1.00441
S5 25.13 771 520-45-6 Dehydroacetic acid e 1.20737
S6 41.38 786 57-10-3 Palmitic acid FEAHIR 1.05647
T1 23.27 839 112-12-9 2-Undecanone 2-F i 1.04268
WTI 24.06 758 61141-72-8 Dodecane, 4,6-dimethyl- 4,6- g 1.32313
WT2 32.33 798 544-76-3 Hexadecane E+REE 1.00789
XTI 28.37 838 644-30-4 a-Curcumene o- LN 1.12478
XT2 28.79 874 495-60-3 (-)-Zingiberene B 1.14878
XT3 29.21 818 495-61-4 B-Bisabolene EARE &P 1.12009
XT4 29.75 867 20307-83-9 B-Sesquiphellandrene B- 152K s 1.13644
XTS5 34.07 730 21747-46-6 (+)-Trumpetene (+) - U 1.0678
Z1 14.15 734 123-66-0 Hexanoic acid, ethyl ester IECRR M 1.02979
72 15.69 734 5921-82-4 2-Heptanol, acetate 1-H R CE 2 BT 1.21263
73 20.36 720 119-36-8 Methyl salicylate TKA% R g 1.34987
z4 25.57 914 16409-44-2  2,6-Octadien-1-ol, 3,7-dimethyl-, acetate SRR 1.09102
XT1 o-FEHH
XT3 p-41%2454
XT4 B-f5FoK 4
XTS5 (+)-Hi U
T1 2~
72 1-HRCEEZ R
VAR &7l GH
74 LERFEMHR
Cl oAV
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Fig.7 Correlation analysis of dominant bacteria with differential metabolites
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