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KR M SR i KBRS, R A U S Hh R RE H
SRR BEHLSE T —80 CUKFEIRAF 75 H LB 5 A~ F1T,
fir 44 J SC1,8C2,SC3,SC4,8C5 ., TGuide S96 A
41 DNA $2 B0 &, RARA AL A (L) AR 2
Al AR R KN & d st e W SR A R
Al ;OMEGA DNA lifbi ) &, b st s BRAHT R
AR 7 ;KOD FX Neo (TOYOBO) Phusion HF
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Synergy HTX Fi§ 5 {¥ , GeneCompang Limited
KA BR 2N F ; Vortex—2G560E iR ek % 4%, SEHE
Scientific Industries Inc;veriti96well9902 Ff & K
B84, % FE I N AE M RSG5 5 (B ) A
BN ;3-16P 24 FLES O L, 78 [ 28 2 R A #
BE-1100 VU4 JiE 7 10 214, g ] oAk DL /R A ES
il 15 A7 B 23 7 51260 LA 441542 7890B U AH (4
WAL 5977B B, ZHER A RA A .
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PEMCT H A PR ICRE A A R, FH A (S o 2
(A% TR ViR e R DN e 5 R A7 1, )R o 4t 4
BN 1.8% 1) Byt I W 8 Jig riL Kk T 2 B 4 )5 19 PCR
PR SE R AR SF XTSI F ACTCC
TACGGGAGGCAGCA ;R:GGACTACHVGGGTWTC
TAAT, 751K s LI 42k #£17 PCR, PCR

() 52 N7 2% A - A 1 (95 °C)5 min, 25 P (95 °C)30
s, 1B K (50 °C)30 s, 25 YK, LEAH (72 CC)H40 s,
K SE A (72 °C)7 min, ¥ PCR P2 HI LA 4 CIV7E
2 F o e 38 A D A5 3 Y D PSR S R
FE 79 BT 9 B e A0 A B e A
OB
1.3.2 AHLERRMNE K 10 mL & F KA 5
mL & B2 JE B Sy, 8T 20 min, 7€ 10 000 1/
min F &0 15 min, FH 0.22 wm 38 BT 3E i,
PR UE 1.5 mL L0, BALARI, (s . Agi-
lentTC-C18 (250 mmx4.6 mmx5 pum); Kl % .
VWD A 2% ; K0 4 210 nm; 3 8546 :0.01 mol/
LWl — A8 B 98:2 (WEMRIH pH H =
2.5); itk 0.8 mL/min; ¥ 20 wh; AR 30 °C,
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mg, Z R 100 wL F i sh AHIE i OF 2 25 2 25 mL %5
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SERR LR AT ERR BRI 10 A WLIR IR & b
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5, A 0.22 pum U8B U8 S, SRR AR 4 04 i X
BT HE v B 1 G R il A T 4k
1.3.3 ¥EMYFRME £ 20 mL TZS oA
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30 min; f# BT B 6] 4 min; 4 3% 4 . DB-Wax (30 mx
250 wmx0.25 pm) ; #7# 1 mL/min , AN 739 254
HEFE FHEFR T 40 CIRAEF 4 min, DA 5 °C/min A&
245 °C, A FFE 5 min; JEFE TR EE 250 °C5 5 F IR
B 230 °C; UM AT IR FE 150 °C; it &2 3 il :20~400
mlz; TN HEIR O min, %A &M gmiE i E B
SNER I IR WAL | 2 5 2 U W 2 SO B - )
Ay I 1B) BT 3 I FHASC, 23 BT I W AR s
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i 37 matplotlib_1.4.3 ,python2 (matplotlib—v1.
5.1) ,MEGAN v5.8.1,picrust2 (2.3.0) % % F1 %k
Y& e A B | 8 3 Mothur B4 2847 Rarefaction |
Shannon 73 #7 , GrapgPad Prism 9.5.1 X H 4 £ ¥
YEATALEE R SPSS 19 #4147 Spearman £H ¢
P M7 (P<0.05) , {# F Chroma TOF k{4 (V 4.3x,
LECO) #1 NIST J& X J5i i B4 64740 H7 .
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2.1.3 Alpha ZF:1  Alpha 2 F % & 75 — & 3 Xl 7E T Shannon $5 ¥ X5 2 2R B ) F 5T A B
R ASRE T EANAEZEEN, EERIT &, Simpson F8EO L E YR = BT R HUR, IE
YyAp g £ E A A B K751 K- Chaol A1 Ace A, 78 55 %R (Coverage ) 1 iy , B iy ORI 2192 4
PR R YA Z e BVAE W iR 1 %5t . Shan- ] REE B , AN 1 BT, A Y Feature J&
non Fl Simpson #§ HUE K LY Fl ZHEME G F 2248 B0R 323~457,Chaol $5%0°h 324~457.0244 ,Shan-
b, RN S REAR YR 5 B — AL, M non Al Simpson #8550 1431 4y 3.3218~3.9353
PP Hca A R ETE N T AT 2RI 3 — PR K, 0.6953~0.7734 M4l 45 48 B 25 R R 1, R REIE J 3¢
FREERRETR () ZHE B =, Shannon F1 Simpson F640  FEMERFF R R, SHEAZHEE FEEES
MR R AR RBEIE M R s T W BUh,

x1 REBN|EREHEREMSHEEREY

Table 1 Diversity index of bacterial in fermented Sichuan Swiss Chard samples

o Feature %% ACE 8% Chaol 84 Simpson 44  Shannon ¥4k  Coverage 45 4
SC1 343 343.0000 343.0000 0.6953 3.3218 1.0000
SC2 457 457.5109 457.0244 0.7520 3.8314 1.0000
SC3 357 358.4764 357.2857 0.7734 3.9353 0.9999
SC4 402 403.6873 402.4167 0.7150 3.4832 0.9999
SC5 323 324.9256 324.0000 0.7039 3.3783 0.9999
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Table 2 Linear correlation of organic acid standard curve

A AR 2 M8 B/ (mg/mL) = )2 5 2 A% (R

B G R 0.040~4.000 Y =2287.42X +29.0914 0.9998

FR®R 0.040~4.000 Y =1105.42X + 0.658379 0.9999
FLER 0.040~4.000 Y =997.495X + 8.68246 0.9999
LR 0.040~4.000 Y =695.120X - 2.78682 0.9999

A7 AR 0.040~4.000 Y =1558.66X +42.6178 0.9969

PR3 BR 0.040~4.000 Y =969.244X + 0.150121 0.9999
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Table 3 Types of volatile substances in fermented Sichuan Swiss Chard samples
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Analysis of Bacterial Flora Structure and Flavor Quality of Spontaneous Fermentation
Swiss Chard

YU Shijiao', LI Shuai', WENG Peifang', WU Zufang", LIU Yanan**

(‘Department of Food Science and Engineering, Zhejiang—Malaysia Joint Research Laboratory for Agricultural Product
Processing and Nultrition, Provincial Key Laboratory of Food Microbiology and Nutritional Health, Ningbo University,
Ningbo 315832, Zhejiang
*Key Laboratory of Detection and Risk Prevention of Key Hazardous Materials in Food, China General Chamber of
Commerce, Ningbo Key Laboratory of Detection, Control, and Early Warning of Key Hazardous Materials in Food,
Ningbo Academy of Product and Food Quality Inspection (Ningbo Fibre Inspection Institute), Ningbo 315048, Zhejiang
College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095)

Abstract In order to explore the complex microbial system and volatile flavor components in the traditional fermentation
process of Sichuan Swiss Chard, high—throughput sequencing and bioinformatics related technologies were used to compre-
hensively analyze the microbial flora structure of the Swiss Chard and its relation among the microbial species. The types
and contents of organic acids in the Swiss Chard were determined by liquid chromatography. At the same time,
headspace solid phase microextraction (HS-SPME) and gas chromatography—time of flight mass spectrometry (GC-TOFMS)
were used to systematically analyze the volatile flavor components of Sichuan Swiss Chard samples. The results showed
that the main contributors to the flora were Lactobacillus, unclassified—Cyanobacteria, Halomonas and Lentilactobacillus.
The Swiss Chard contain six organic acids including tartaric acid, lactic acid, acetic acid and so on. And the highest
content of lactic acid was 470.50 mg/100 mL. The relative content of acids in volatile flavor substances was the highest,
mainly acetic acid, followed by alcohols such as 2-octanol and esters such as ethyl lactate. This study clarified the cor-
relation between the microbial community structure and the formation of flavor substances in Sichuan fermented kimchi,
aiming to provide a theoretical basis for further improving the traditional fermented kimchi process and large—scale pro-
duction of inoculation control.

Keywords spontaneous fermentation; bacterial flora structure; organic acid; flavor quality



