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B (Escherichia coli)DHS5o F1 P48 2= Wi 7 i (Lis-
teria monocytogenes ) LM1 A+ | Zhao SEEME A 4
FLAF E DP189 )iz i B 5 B 14 WU (Leuconostoc
mesenteroides )UA107 VE b Ui K& 1857 53 1) £ Fh 2]
ARACER S, W52 S DU BRI AE M FLAT I DP189 1Y
RACTR S 7 MR FE DR, ] 1k A 1 A SR ) A1)
PR FLIR B R 22 5 R A ¢ P KUK ) o & 1
ST TR 3 1 it 5T XU A 3 R GE
y-RIET R (y—aminobutyric acid, GABA )%l
PR A4S T W, oA ORI 1 | Bl B IR 25 119
it B 4t A, S AIF 2 T B 1 o 1 I P4 L SR
17 MR FLIR 3 b 0 2k 1 R 5 7= GABA BYAE 9 3L
FF B 8014, K Ho i FH7E £ h oK A Wb, 2B 7= iy
21K R > L R K T GABA, {7 4F
75 BN e e 5% b 1) T I b B R B 1 PR R GABA
A FLAT B SG=5, # o ITE R &3l %™
mn R B X ACE i 9 4 1 25K 90% , B A 55
U AR S I RO . A TR RN R I b
HaR AT 1 AR B A U5 L GABA BB ) A Y FLAT
W PI-7, FERA 0.48 mg/mL, HA B0 K B
P o SR, HAE S BRI HT o 2 75 B B3 A R
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GABA XU B it 5T () e 1 iR AT 4

A SCULP* GABA WY AE ) FLAF B PJ-7 i B
RN o3 M He A A8 b, R FH W 8O €8 | T
23 [E] AR A SRR €905 — B i M el A ) ) 4
AR e BB DA g . SRR . AL
PR 15 M R 1 ot K A oR 22 RE M R 987 GABA
TP FLFT R PI-T7 X K B2 I XU B i B2 (9 52 1)
kR R RN PR GABA MW FLAT R A —
ENPLINToei=E
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HFUAT T PI-7, DROBTE ) 75 48 ol A6 ) T ol
P78 ot (GDMCC 163005 ) 5 36 25 B K, KA 1| 55
TEARIE s £ P E bR R 2 A e R
MRS $5 58 PRI AR AL R A
TS TR B AR VS WL, T AR B B L 25 (1 ) R 5 A1
RN F] S 40 B KL N 40 DNA R BURHI &, b ot [ %2
TEA W AR RS WD 3,5 R kK 4 iR (DNS)
IR, KRR AL 2= 0 BUIR I AR | 4 i3 2
HLERR AR FLIR AT IR SRR BRIIR
REEEEVBEARAH,
12 FENR5EE

LHN—TT DL R EE T, HAC B fE 4 X pH
it SG2-ELK, [ METTLER TOLEDO 7 ; 3§
22 M) i 34 o UK 25 K- GL2201-1SCN, 1 ifg 8 i
I ESHE AT BRA W) 5 = R0 A £ 154X Agilent 1260,
K Agilent 24 7] 5 AL B IR 46 LRH-250F , I 335
BRI A R A SW-CI-1D B TAE A
R E R RS AR A AR TR
OB KS50R, 453 T LA S 0 A 25 A7 BR A 7 5 5 T
KR, BURA S A BRA B 5 ¥ R TR AL, Wi L E
KA RN A, B2 T4 DZF-6020A,
T BRI R AR A FRA A
1.3 Hi&
1.3.1 MWW AFE PI-7 KB A H & K iE 1
e WA P FLAT B PI-7 LA 2% (IR B 00 0) 35 Fb 2
MRS AR R R He |, F 37 CHE 3% 24 h, 2 10 000
r/min %0 10 min J5 ,PBS 28 A B UE % 2 W, K
B 5 AR 50 (R W5 Ky 25% WS 7.5% . H I
0.75% /KW ) LA aE L 121 IR G )5, 47 B2

P UR T AR AT I8 PI-7 KT,

1.3.2 REES MHl KRR 8 bk L
B, V148 i 1.3 emx1.3 emx4.0 em 19 20K, FR
1 500 g LA 70 C/K 2 15 min K 255 19 2
2% I sk p e fif PR Ve A 28 F R R K
A 3% &L B 5135 1 h J5 KR s
Ky ZBRIF VR R Z R ER Sy . R E R AR B S  E
MR R FEfE R, $BE8 N BRI, A
A% YV FUATF B PI-T KR 4% B 2% % &R
1.1 500 mL 7K 2% B R B S5 do DL IR B ok i
b & TR AL SY RN R WS & A B SR & A
CK Nt e

1.3.3 W BECRMIARE W E 2% (B
SEFRHE BRI FERR W SEOE )
(GB 4789.2-2022) I & il & 4 H KA ifE & i
R AR S LR A 5 ) (GB 4789.35-2016)!
R RE T3, A3l GE 3 Al R BEE D P AN R
SVECRN LR RSB

1.3.4 #ALEARWNE % (B E2EER
#E B pH E A E ) (GB 5009.237-2016)1"
(B S22 EERE & &R E I E ) (GB
5009.239-2016)" (& fh %2 EERHE B &t
PRI PR B9 5 ) (GB 5009.86-2016)1"1 (£ i % 4>
B R A gahakmS A N E) (GB
5009.235-2016)™ (& & &4 FEZE R 25Tk
T R &k 55 A B2 £5 19 72 ) (GB - 5009.33-2016)11)
W 7 s, M R WSS b pH fH B R 44 R
C RZMAFAWAEIRER & i, S B e S50
Jrid e RS NP A E AN S R, R
Berthelot [t 83530 5E & /eSS b i GABA 1 & 17,
1.3.5 AHRMNE 2% FESSr %k,
5E CK 41.SY 41 2 PJ-7 kB8 b v A HLER &
i, H3.0 g MR AR A 3.0 mL M 4liK , H
AL PR 20 min J5 , % 9 000 r/min 5.0 15 min, B [
THIRZ 0.22 wm DR U8 5 FH T 8 ROR AR 35 AL
SRt . RS S M. W EAH A 0.01 mol/L
(NH,) HPO,, i it B i H EE A : B=95:5; Jii #
0.6 mL/min; A& 30 °C; #EFE R 10 pl; AN 2%
220 nm,

1.3.6  #RMEXKRY B E S BRERED
ik g NER (YL) .CK 41 .SY 44 &% PJ-7 4
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HEATHE 2 BRI 4 2.0 g FF S I A TR 2 5
R, BT 60 CC/KVE NI 15 min, 7 A [ AH i 4
B (SPME) 41 W Bff 30 min J& , #£47 GC-MS 43 #r ,
W EAE R RIS, KGR VE AL R 4G
B G5 A SCERGE 1 C Ak A W 0 g ) 5
YA AR AT RS AL € 0 £ e T ARUH — Ak ik 1Y
FRUEAL 7 35 T A A AL A B AR 4

1.3.7 #m 2 #2 B DNA 350 & i B 42 B
PJ-7 d0FE S DNA, FfiJ5 F 193005 B R 1 Fi Tk K
I DNA 2l B2 Fne B2 R 519000 A 9 16S
tDNA () V=V, XBEATY 3, 9735 2%
B NG E BS HEAT 40 B A I A4 Je . B i R 3K
VR B 003 A PR 2 ) 58 o 2 B ey 38 1 5
J¥°F 5 4 Illumina NovaSeq 6000,

1.3.8 Hdegeit S50 i a RIE-FATIE 3
WK, 45 5 F T S48 45 M 25 3R, IR A SPSS 19
A Origin 2018 FAF X E 48 #4740 353 #r

2 ERE5SM

21 WEMRBULIERS W

KRR ST R w0 TR AR
AL B i AR W R R VPG R B A
At T — A AR AR, AL FLIR TR & g SR
UL DL TR R, LB AR 28 X 7 XU ) o
T8 A B, R 1 AR R S5 d A
PJ-7 H R WS Db B T S A0S LR T B R
WE ST CK 4R SY 40, 43k %] T 9.89 g
CFU/mL F1 9.66 lg (CFU/mL), i WAH 4 FLAT 5
PJ-7 Ref R E R WSS D b Al T Y 1k
AP BCR K B

pH 1H 5 % Ji 2 4 Bt & 19 i 5 b JoT 1) o 2 4
P, A2 S BT T 7 i BRI L 1 B AR AR,
F 10, PI-T ALk B 5 d 5 pH N 3.00, B &
RTHEWA, PI-7 4R SY 41/ &S DR B
WE ST CK 4L, /05 T 0.58%%1 0.31%., PJ-
7T H K EEE by pH (E R HLRR RS WA )
FUFFTA PI-7 B A B0 7~ BRAE J7 , Al % in 2k & 8%
B IR
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Table 1 Microbial indexes and physicochemical results of fermented radish for five days

T
B 4n 2 45
CK SY PJ-7
i# % % 4 /lg(CFU/mL) 8.17 £ 0.04° 9.65+0.07" 9.89 £ 0.06
FLER ) ¥ 4/1g(CFU/mL) 7.18 +0.19° 8.85+0.13" 9.66 + 0.10°
pH & 4.13 £0.08" 3.18 £ 0.004" 3.00 + 0.05°
B 1% 0.07 + 0.002° 0.31 +0.005" 0.58 +0.01°
T #5823/ (mg/kg) 10.75 + 0.48° 7.73 +0.31° 4.94 +0.12*
%% % C/(mg/100 g) 6.10 £0.25 7.85 +0.20° 7.99 £0.15°
E B A R/ (/100 g) 0.12 + 0.03° 0.29 + 0.004" 0.36 + 0.008*
T 5 & G/ (mglg) 0.71 £ 0.04* 0.35£0.01" 0.23 + 0.008°
GABA/(mg/mL) 0.04 +0.01° 0.58 +0.02 1.33 +0.03°
T LAR/ANE TR ) 2R FAT 035 22 54k (P<0.05) .
AW A S O A R, iR SRR LR A A A R SR, mT L
IR RS IR R 2 1 T G B, DIk, WA RR I AR R, B A R SR S A R R AR, R
IR ) 6 5 22 e — A EEAR AR, iR 1T i FURR R AR pH AR ER I X A FR R 1 TE

A, KIS d B, PI-7 UM SY 4k S NI AH
MR L & B0 W oN 4.94 mg/kg 1 7.73 mg/kg, ¥ B %
KT CK 4, [A] At 3 A% T 5 B 2 A 1 20 mg/
kg, XA fEEH T PJ-7 A1 SY i T FLMR i

WA —E B .

F3 MNP A EENAEER C, BA R
R RETIRE, 1 AT, RRES d i, 5 CK 41
FHE,SY 4L 1 PJ-7 RS 4R C i
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Sy AR T 28.69% 11 30.98%, H. PJ-7 & i fx
4 7.99 mg/100 g, P BESE i T 45 I 1 ) 4H 1Y
LR TG VLT RE S R A KB 7 A R YR
J, JE B R R IR BT BHLAE T 4R R C AL, R
T NP YEER CRY

AR P W) i 25 v ) 1 O L 4 e B 22 e
GREETR , DT HE 0 7™ o (0 S 0 38 5 o SRR A
SRR T M R 1A B8R T DR B e i v A
PR H &R, R 1 AT PI-7 AL EES N
PRI AR TR N 0.36 ¢/100 g, B35 5 T CK
M SY H, 52, PI-7 Al R FESS N rponl i ok
EE SR, N 0.23 me/g, WA PJ-7 41 A A
FHARTE

GABA E A FEAR IR IR | B B AR 55 A 21
ifie , fEDIRe vk & A b )z Y, kR 1]
HLPI-T Uk BEE N GABA & 54 1.33 mg/
mL, B F 5T CK 415 SY 4, I K nl B 5 5 {9 #F
SR B W) LT B PI-7 ELA B U1 GABA & A%
RE 1A G, #E— LUl IR Y ZLFF T PI-T7 K IERE
T 7= SRR Y GABA G & L B R INE L
22 HHE

BiSE R W R LR ALK SRR (2 o)
AR L Z R R R Y L, G LR L LR PR R
SROR, A BT E W XERAE R, Pk
W, 6 S K e e v DUE SRR A R SRR |
FLWe KRR BRFIRR 6 FhA HLIR hy P P A
SCEERERG I KBRS N b A 6 R LR &

EWESd S MPANLRRY S RNE 2 i,
ML A 0,3 2R S b P RLER SRR | LR AN
BHR T EERRE, FlEAmR,PI-7 AR
FRBEIL 2291 mg/mL, ULHAEY FLATE PI-7
RESE A T2 S b BRI B LR R A AL
1%, T T2 7 i 2 R BR IR o PJ-7 20 30 SR iz
TN 0.17 mg/mL, B EF (LT HEWA , SERERE
A AR = R TR IR R R R AA R R E
17BN o i R FLRR W) ™, PJ-T 2 BIR 7 ik
7 4.88 mg/mL, 1% A B 5 A A AR
FLR 5 IE ) O S I A R 2R W T, ] B R X
At XU B 5 114 4 B8 R S R A B IR A TR, PI-7
IR SY ABRHIMR &R IA BEEER (AR ES
F CK 4, SRR rh B =4, Bl 4 &

R2 RESJIENHFEIREE
Table 2 Content of organic acids in fermented radish

for five days

S A AL 4% /(mg/mL)
CK SY PJ-7
o 4.62+0.05> 3.80+0.02° 4.88x+0.11°
F R 0.27 £0.03*  0.36+0.03* 0.17 £0.01°
FLBR 2.37+0.02° 8.49+0.12> 2291 +0.29*
AT AR IR 0.31 £0.02*  0.30+0.02* 0.29 = 0.008"
R0 IR 0.21 +£0.03>  0.30+£0.02* 0.27 + 0.008*
BB R — — —

VE ¢ L RR/NG R R R 4R A B3 2% S (P<0.05)
1) R4 T 326 4 A

SH LS MhirER G R LR EEES,
TEAE 0.21~0.30 mg/mL, 3 ZH 24 S A P A R
M6 FlA PLER & i 40 A ,CK 21 \SY 4 &% PJ-7 4
KBEE N A LR S 5 o 7.78,13.25,28.52
mg/mL, HH PJ-7 4G HLER B 5w, B AL
FETR PI-7 & T e 6% 41 i & 1% % 3 Hh A HLIR 1Y
B R
2.3 EEXZMERKRYR

AU TP R P R M KR A 1A 1 R 4
R it R A 0 ) 4 R XU T 52 A A
P 3 BEIE 1S Bh ESE T B BRI 4 P RRE T
Fiv Bede e 5 M S EiAL & 11 R B Z % &
PEXUR B 43 22 S BOR

P 2 AT B A R RN A B R A R S N p
AR RR X B e A R IR A B R I 5], 2- R KR &
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Main volatile flavor compounds and their relative

contents in fermented radish for five days
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S AR i 7 HL T A R 5T 1 B R R T
IR EF = R AR e A DR 3— (B Ak ) PN s S A
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35N R, BT O AR RS 8 MR AR A
FIFFIE N ERR, PI-7 4L BEE b PSS A
P YL 4 CK 4/ SY 44 5K T 10.82%,
12.62% ,19.65% . 3 vt WG il 25 b rh g 28 = 2ok R
T8 MG T PJ-7 AFR2E & AR T AR S5
FUAT B & WA = A e i i OeB,

FEJE R EEGE R T B AW L, T LR
TR T B S PR SR PI-T 4 Y BE2E W) o
K5 YL 4 CK 41A1 SY 4l b/l im 1 17.36%,
18.22% ,13.74% , Hovp 1E & B | BF 1 - T s AH X
SR X ATRE R TELRE R AL
R R TR A A 2 W O O RN W AR il
PJ-7 W B BAR R & B

i Pk 25 4y I DI ON hy BL A S R R 9
7N i 1| e - St 7 B L Sy L
OB EA RO R AR, O i B
PR RV 28 % S M 7 R R B L I < RO 1Y
FLEXEKY T, PI-7 APEAHXT & 58 11.43%),
e CK 415 SY 4143 5K 26.91%,61.11% , i B 3%
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Fig.2 Relative abundance of species at family and genus level
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28.52 mg/mL, H P ELR S E R E, 5 22.91 my/
ml., PJ-7 4% &M XK R 2 DIFR S RS
B Mk 26 o, AR B AR 9.65%,21.16% ,
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J& (Weissella) F1 %% Bk 16 J& (Streptococcus ) & PJ-7
HAREES MR EE . AR i LI R s
B y-RAETRAEREE SRR 5% (A y-2 5k
TR wE AN A FRE— 3T, KRR E
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ST R A 7 B RN 7 R A TR
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Abstract In order to improve the flavor and quality of fermented radish pickles, radish was inoculated with Lactiplan-
tibacillus plantarum PJ=7 producing y—aminobutyric acid and commercial starter, respectively. The microbial count, phys-
ical and chemical characteristics, organic acids, volatile flavor compounds and bacterial diversity of fermented radish
were determined using HPLC, headspace solid-phase microextraction gas chromatography —mass spectrometry and high—
throughput sequencing. Effect of L. plantarum PJ-7 producing y—aminobutyric acid on the flavor and nutritional quality of
fermented radish was analyzed in the study. The results showed that the count of microorganisms and physical and chem-
ical characteristics in radish fermented by L. plantarum PJ-7 were better than that commercial starter group and natural
fermentation group. The content of y—aminobutyric acid reached 1.33 mg/mL, and the total amount of organic acids was
28.52 mg/mL, among which the content of lactic acid was the highest, reaching 22.91 mg/mL. The volatile flavor com-
pounds of fermented radish in PJ-7 group were abundant. A total of 48 volatile flavor compounds in PJ-7 group, mainly
including esters, alcohols and thioethers, the relative contents of which were 9.65%, 21.16% and 22.10%, respec-
tively. Lactobacillus, Weissella and Streptococcus are the dominant bacteria genus in PJ=7 group. The results demonstrat-
ed that L. plantarum PJ-7 could increase the y—aminobutyric acid content and improve the flavor and quality of ferment-
ed radish. This study aims to provide a basis for development of pickles rich in y—aminobutyric acid.

Keywords Lactiplantibacillus plantarum; y—aminobutyric acid; fermented radish; flavor; quality



