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HEND  RAER AAR NEAR HA
I BAR HAR AR R
P R, Agilent 23 A 5 N AR IE 5% 2 R
Mg (PITC), €[ Sigma—Aldrich 23

1.2 UFE5E&E

ER N N o o ﬂ%@(%&ﬁﬁﬁ/\
A ;QP2010Plus “UAH (35 BB, H A By HEA
JW-3021H & =X i 3 #5004l ;“ff%z%ijw(%%”*%
A R W) 5 o OB AL, B T AR i AR R A
AR A B g, B RBHE A R
AL, B IR A ]
1.3 KEH*
13,1 Tl e v v v 3l 10 43 A
1.3.1.1 B[N ZH DNA $#2 5O PCR 9738 SREUE
3 R AL 10 g T 5 000xg 5.0 10 min, R 4%
Z: 7% SCHR[12] 19 CTAB Y5 IFPEME o, 48 B i 5 iR
1 DNA, SKRH NEB A Hl# Q5 i/ H DNA %
A, XA 16S rDNA V3-V4 [X s i 474 4403
4 B V3-V4F; ACTCCTACGGGAGGCAGCA , i
V3-V4R:GGACTACHVGGGTWTCTAAT, ¥ A&
% (50 L) :5xreaction buffer 10 pL,5xGC buffer
10 pL,d NTP (2.5 mmol/L)2 pL, _L¥#514% (10
pmol/L)1 pL, TUHESI4# (10 pwmol/L)1 wL,DNA
FEHR 2 wl,dd H,0 23 wl,Q5 DNA R4AH# 1 ul,
PSR HUEPE 94 °C 5 min; 28 PE 94 °C 30 s, 3B
K 55°C 30 s, #EMH 72 °C 1 min,30 46 ¥ ; &K SE
fifi 72 °C 10 min,
1.3.1.2 Mlumina Miseq M /¥ i FH By AR B 5 fise
ali Ak [ ) 67 (Biomed ) X 97388 77 4 08 47 52 ] Wi
alifl,, I HZEEIH Quant—iT PicoGreen dsDNA
Assay Kit, 7 B #r 1% (BioTek , FLx800 ) 2 & 1 % I
XF PCR 938 B 7= o) 47 98t 1t . >R H Tllu-
mina 23 7] ) TruSeq Nano DNA LT Library Prep
Kit #1455 SCE , 3R H Agilent High Sensitivity
DNA Kit #E47 Fife, B0k il 45 00 SCHEA H 2 A 5
— g, HIoHk . A MiSeq Reagent Kit V3
(600 4G PR )X I 7E MiSeq M 4 L Xt H Ay A B
HEAT BN | oA PR E I o, @ H AR R B

T AR 7K A 200~450 bp!'+1,

1.3.1.3  Hduab s 45 20 i J5 bh XL I v 41
i, L FASTQ #& AR A7 . 72 5 R Bl i A e —
Py TR A s, S TS R B B 4 SR n
AT 4, R DADA2 J7vE 45 844 8, Bl
H QUME 2 #A45% J5t b &t kA7 K 519 it i
-3 I Wﬁ FHR AR, LU 10090 L 2K (B
FREE), 43 DADA2 a7 A 1Y 25 5110 7 5
o] ASVS(Amphcon sequence variants ), 3¢ FK A
FRAEJP I, Tk 26 3 3 26 AR A v (1 3 B R Bl e
R, BJEHET LRSI 4R iz H QIIME 2 3k
PEFT R 5T geplot2 AL iE AT W FhoKSF- 20 5 53
AT AT ARAL  BEAT Alpha Z2REPE 4307

1.3.2 IR i & PR 5 i D

1.3.2.1 Tz A GAC U AR 2 A o 4?“8]151’]
Tk B2 ¢ FESINACE] 20 mL T00 25 gEREIR Y, 2%
£, 60 CAE A, P 10 min, #f 75 pmol/L
PDMS/CAR £ Bk 4 A ZFFEIR T 25 ZE 1, 0028 I
[ 30 min J& , 96 A GC #EEE O f# % 5 min,

1.3.2.2 GC-MS 4r#r a3k &4, ikt DB-
5MS (30 mx0.25 mm,0.25 pm) , N &I, HE
4 1.0 mL/min, FHERF AR IRE 32 C, HEES
min; %8 J5 DA 4 °C/min {9 B R R F] 130 C; &5
PL 10 C/min B3 2R T+ 2 200 °C, #FFF R B
250 °C.,

S 254 . B T HL B8 (Electron ionization,EI)
P& EREE R 70 eV, HHERE 40~350 m/z!®,
BRI T 230 °C,

FIHITEHL NIST 3% 2 A7 8 K & | 45 453
AEDT i e 0 T B — AR R T,

1.3.3 fMmEmRh AR E B (Bhise
B Zhn e &8 A HLRR I %E ) (GB 5009.157 -
2016) 2 iy J7 vk, 64T T 1L A0 R A BILRR 1
ﬂio

1.34 FHifaEmh g rie  RaE (b
A E GARUE £ 5 P OB I RR (I 5 ) (GB 5009.
168-2016 )21 Py 7 72 14 77 425, % 7 1L £ 396 1R v i
i I P A T 00 2

1.3.5 FHiifaEmhZEReE HEERRT
FH E 30 43 A SO B L 9 R v A 2 R R A T
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VR HOAE S EAT AR B 3 S AH A4 I5C L A R 2R
R B A 1R it W] 2 AR A IR O 3 0 R AU e,
o 5 Ui B R ETRARME RO AR L, MRS O Bk ] AT
TR 5

2 HREHSW
21 HEWSHEESHT
2.1.1  BA/EW R Alpha 2 REPESM BT OE i 40 T
V3-V4 il 5, 3545 115 616 741, ia H QIIME2
BFEST DADA2 K5, 3R4% 102 586 151,
FEAR I SITE 100% WAL K- T #4758 00 01, 3K
#1515 4> ASVs,

Coverage %4 .Chaol #§ %0 Fll Shannon 15 %3
S0 T VA £ 3 R A T R I TR
o3 A Z R, Coverage T8 £ ST, R A FEA
JF 5 B0 ) M 4 1T 5 Chaol 98 %05 FE & i
WAV 3= BE WL IE AH 5% ; Shannon 8 %00 5 4 5 A=
Y2 REVEA G BUE O, U E A ISR .
1A, wilfaERAEA DAY Coverage 15
BT 0.99, BEBIARE SOy 51 BEAR T # Bl
AT EEAT A IR AR S R SR ) 2 R Y
a3 M, W E RS A L R IR R IR AR R
Bt TRMEEE

®1 BLEEREHREYSHEER

Table 1 Microbial diversity index of Thunder mountain

fish sauce acid

Goods_
Chaol Simpson Shannon

coverage
1515.15 0.970774 7.54824 0.999919

2.1.2 Ll P AN [ KPP 240 T A 7 2 R0 A

R 8 X5 B L R R S ) DU e 435 2R 43 A T A
FE s g 22 AT R R 2R T A
I R RS R H ] Ta(UR 7R TR 20
AEEE TR & &) rlH, 22 T2 B 1] (Proteobacte-
ria) . JEBEF [T (Firmicutes ) A& 0% 12 W 19 G F i
) AR BE 45 39.13% 1 30.68% , i 5 T
B 69.81%. FH AT Mt i 1] (Actinobacteria,
17.47%) HLFF# T] (Bacteroidetes, 8.09% ) . i 1]
(Cyanobacteria, 1.464%) . ¥ EETE '] (Tenericutes ,
1.226% ) . #i # & ] ( Deinococcus — Thermus ,

0.465%) % , ITAFk , VF 2 F 58 4 W] 5 BE B 1] A1 7AE
EEIMAY EmER 'SP mET], e
FL A ST P ] PO K i R g3 H LR
A FEGE R — 2, X SF P DY 1] B 1 BF 5
RS AR T )R R e A R DR ] R RE
P12 B R D R AR5 1] . 7E Zang
SR OTG e ] 2 8 I 0 1R 0 R I Ik R rh i R
R R S ASMEZREE S T, R T AR
BT R RE TR ] R 0 e ik R v 1 2 A HA A
W o TEJ8 B 7KF b R S A 249 A ZHTR JE L
1b iR (HJER T T 20 MLR R E I & i),
T EE (Arthrobacter ,11.246%) . /R K H &
(Ralstonia,10.929% )k ¥ i 14 {8 S #f | 55 F1 7
H#JE (Ruminococcaceae UCG-014,7.343%) .t
H AT & & (Ochrobactrum ,6.639%) FLAT # )& (Lac-
tobacillus ,5.443%) . V&M S 7 )& (Pelomonas ,
4.945% ) AT & (Acinetobacter ,4.402% ) AR
P05 & (Pseudomonas ,4.214% ) R # & (Vibri-
onimonas ,3.635%) ., B2 i€ i J& (Lachnospiraceae ,
1.939% ) 5L HA — & 19 5 B 19 A B & 7] A
A E B B e AR D R EUA IR, A BT
MR . B 2R BRI 6 ™ W)U A7 450 11 0 fife fiE
JIBN, B M R B AR T 22 B O3 i AR B BRI I
105 (R 6B 7, it R M 0 R P L B A AL A SR
WA i TE BB M R o R EUR TE R, ST
Ja& LR AR, )z oA T AR S 15 gL
N A TN A TR s - B = Y SR Bl i
Bi. 7R R A P AR S 2 A E T
1) v [ A5 G e T £ R £ 5 T ol R o B2 0 R A 3
& AN [R] R T S5 & LLFLIRR 16 (Lactococ-
cus) \ KERE (Macrococcus ) Fl1 ) % BR # (Stap hylo-
coccus ) A F, Al g JE N g R fh 78 K I AR R DL A
KWE R A5 4 [ & B 0 @8 (Myeolchi—aek-
jeot, MA ) F) 4l T 7 7% 45 48 5 A I 5 rp WL 48 3] 1) o
AN, FEARBEERE, DAVUICEK 3 & (Tetrageno-
coccus ) F1E: R A W J& (Halanaerobium) K 3, iX Ff
AL F BRI TEYEE S, R TE R EE N
e TR 5 S5 T oo kT R A 1 ) K e
22 GC-MS £EELEERIFEREM T

MR 2 al L, E L R R A R A K
BLAT 60 AT 32 B MR LA AL AR WS RS
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N ﬁ

75-

Top 20 phylum

/IMHIFTT Elusimicrobia
SRHEMRT] Spirochaetes
Rokubacteria

FRFFIA] Fusobacteria
JEEERFFAN  Deferribacteres
YEAEMIT] Planctomycetes
WPS-2

HEMIAT] Verrucomicrobia
AU PEFERF I ] Epsilonbacteracota
Patescibacteria

LT Gemmatimonadetes
ZE751A(] Chloroflexi

TRFFTH] Acidobacteria
AT Deinococeus-Thermus
BRI Tenericutes

{30 ] Cyanobacteria

P Bacteroidetes
JBERI ] Actinobacteria
l‘?'@mﬂ Firmicutes

50-

Li: RS ESYES
Relative abundance/%

- IR
YJS
(a)

1

Fig.1

B MRS BRIS 45 IR R LT S 33.65%,
33.53%,16.45% ,7.82% ,6.47% , it &4 & %
By, ALFE IF B2 (0.6%) (S S (0.65% ) KEkE
25(0.22%) W, WIS SR g R h 2 8
P4 R M 0 o, o) 3 TR XU ) A K ik, A
Wk il i Z MG, REECEA T&
FRHSVRIEUR R X S dis ke Sk sm B, B RRAIC, 7
09 2 KUK A T2 B R Rt B R pTiik . B A T
il M (13.12% ) .a—F E\ & (2.71% ) \ % &
(2.41%) % R & A0 o A7 e A R

AR X B

Relative abundance/%

100-

60- Top 20 genus

TR Cupriavidus

ZLERIAIE Rhodococcus

FEIE T4 [Eubacterium]coprostanoligenes group
Candidatus Soleaferrea

WIRHIRIFH Cutibacterium

HFHIFF IR Bacillus

W FEREFL UCG-013  Ruminococcaceae UCG-013
NEAAKF Bl Psychrobacillus

K ERE L UCG-005  Ruminococcaceae UCG-005
i AR 4R} 7401 Christensenellaceae R-7group
I VIEREBE UCG-010 - Ruminococcaceae UCG-010
YK Vibrionimonas

BRI IR Pseudomonas

RENFRIR Acinetobacter

IS Pelomonas

FURHT ] Lactobacillus

BEFFE S Ochrobactrum

I VI EREFL UCG-014  Ruminococcaceae UCG-014
JRHA/RICH Ralstonia

YHFIAIE Arthrobacter

40-

20-

0,
YIS

(b)
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Distribution of microorganisms in Lei Shan fish sauce acid at phylum level and genus level

W 4~229 welkg, S A0 AR FIAH A7 28 XU
TS | A X LR R ) AN A AT AR T
P A B Ok, 76 i B R T O T A AR KA |, & it
B I 2 a2 B TR Eﬁégﬁzefﬁwﬁﬂ&*
WM A LA B YR, B2 sy i ok
A AR RN Tk R v R A R, A ORE R A
BT R A A5 AIE 3 £ 3 R IKUATE 1 i) 2
B B RAA R I RE 5 SRR
R R 2RI
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Table 2 Volatile components and their relative contents in Lei Shan fish sauce sour

N X Fizbay . . 8 5
15 4 AR CAS %5 15 4 AR CAS %5
2 %/% B2 /%

i M % LS
R 7785-70-8 1.00 || A%t b B 470-82-6 2.72
3 79-92-5 0.40 | (2)-6—F -5 K K -2-7% 1569-60-4 0.80
Jo kB H 18172-67-3 0.62 || FAEEz 78-70-6 8.35
M 3387-41-5 2.36 | 4-ik A 562-74-3 1.47
2-% i 554-61-0 0.26 || A B3 8000-41-7 2.19
A AR il = 5989-27-5 13.12 | #& B2 106-25-2 0.74
F K 13877-91-3 0.79 || @8 %
(E)-B-% #h % 3779-61-1 0.30 |[ LA T 2396-84-1 0.73
i % i My 586-62-9 043 || A8 T E 110-38-3 0.32
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XTI caswy Ty casmy 0
%1% %%

A F 8 7216-56-0 0.12 | X 98 LB 93-89-0 1.32
R a—A A7 HE K 13474-59-4 0.15 || k#4857 By 119-36-8 0.58
1-% # M 87-44-5 121 || A A8k T g 106-33-2 0.55
(+)-F AW 489-39-4 0.14 | +was 88 124-06-1 0.96
2,6-=FHh -2, 6-F =) 2792-39-4 0.61 ||+ #Z8: T By 41114-00-5 0.18
4-% W 29050-33-7 1.02 || #4885 T Bs 628-97-7 1.02
1-(1,5-=F A 4-T &k )-4-7 451-55-8 0.83 || 9=+ 7 8 K Bt By 54546-22-4 0.39
E-1,3-3R T =4

(-)—a—& ZH 489-40-7 032 ||FA&%

£ 495-60-3 241 | R WE 100-51-6 0.13
1-FRAA4-(1-EFHA-S5-FHh-4-T  495-61-4 1.56 || 1) F & & ¥R 535-77-3 0.47
M ) R T

d—AE AN K 483-76-1 0.93 || @ %

- H 6753-98-6 0.53 || 4-7 A A4 K@ 93-51-6 0.31
a—% 3 K 644-30-4 271 || FPAT Foy 93-15-2 0.12
X588 483-77-2 0.17 ||4-2Z kA4l A 2785-89-9 0.16
¥ JiE 464-49-3 0.11 || BB

B 118-65-0 0.16 || EAa8R 1125-12-8 0.11
1,2-= Bk 288-26-6 0.31 || 4-W ALK ¥t 123-11-5 0.35
-FA-4-(1-F AT HA)-1,4-5r T 99-85-4 0.75 | kP 100-52-7 0.19
=

Bk £

E RIS 1195-79-5 1.06 || L 28 110-44-1 5.96
4K F KK T Bk 140-67-0 8.52 | @i 79-09-4 0.10
¥ A 5 104-46-1 2325 ||4-T A 35194-36-6 1.76
W R R ALk 2179-57-9 0.62 || 2-W KKz 1560-95-8 0.22

AHEFE R B 4 FhEESS AR S B A
1oy (14 2 T N (23.25% ) , 2 7 AR Y E L Y)
JRET, B TRATR A T A, TR AR

T I A0 35 0 i v 2R A b AR B R
BRI W HAT 7 A B E A BRI 1k,
bl ds el i (S Sy AN ERE R D
Hh mfl 8 T 155 B R IR B RE Al i, B 5
TR, X LR T A R | 4l
TEMF R T RRBE | Al I B A5 B (LR, X XUk
TR DT R R, RS FLAT R R AR IR, 2 (o2
Wk e 2=, R URT RS0 20 i ol 2
RRARS o fds R TP Y L SRR AT B3 8 AR AR, vl
DA #0095 T P ot oL, B i ot i AR 2 AR R
SFATAE AR BT IS, BRI R Ak A
T oKW ), EH—HRA TR

LR AR, R R 2R LS YT RE ROk
P8 T JURE vh i /NI 9 22 b B A ) kI AR, BE
B TE R T R P 7 R S A R AR RN
DT RR B RE AR 1 2K R AR BRI, TR R £ A Y
AR, A=A 10 R KRR W ) 22 )
JOT o TR 248 — M I 7 D6 A S I | 2k TR A i kL B
BIZ BN A, Hoad & i R 28 25 oT Bk S Y 48
AR T KUBR 4% PP R A £ 28 7 Ot b 5l A7 7, R
R4 NP A0k, Jf il ad Strecker [ ff 1515
MR IR 7 A, sl i A A R A A 7 AR SRR
23 FLBEEBR~mMmRITNT

23.1 I EERPAYLERN T AP AL
TE R G359 oK it LA R A= ) S e 4 T LA
R O T it AR R R A XUBR T e T XU
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JoE A A JR T L £ R v A TR 2 A TR VR T A
W2 i T 1ok 2 v AL R U R 1) S AL B A . TR I
W2 A A T SR ORI, R A% R R 1Y
R WA FITRTE IR | DA TR X £ 365 TR 14 iy 3 7™ 2 S 2846
T LA R RE R R LR AR,
N 269.6 mg/kg, TE B AFWIN 2 AR K EBRARCA
BLR (285 v A dge R 5 it fie v, FL UL AT 5 2 B ok
WP R AT R | SRR S LRI T T L
BOMUE B AT ETE R R ER LA R
A BT R AL R ARk A JEURE P A BB, SR IR
SEOE L 4 R AR b 0 035 R O F g i S A
PUER IS, AT HLIR y FLIR , 1 L 4 AN T3] ok L 1Y)
aERPAR T EERRE, SEOXFHL TR
JEHT TR SRR PREE I A W R R IS ) R TR
HEEPEG PR AR A D RS
M2, T ELIE v BE A A IR AN AT LR /3 7 T 1
JRUIE: fit S, 340 BE TR T €00 3 R 7™ it BT IV R RRAE
232 Wi ERR TR NTRR 0 4T B TR AR
Wi AL IR, TR R RS T R I E LT
Ak A R AE X A B A AR LR
FREE, A, N8N 1 1 T A B
gy, A BEIME B MAE B AR SR R
1 i 107 8 ELAT T )7 20 ok of R 0 Ak )/ Y, 280t
SYHT, AR TR LA R A b A i D TR Sk i
fiz (0.047 g/100 g) IR (0.0424 ¢/100 g) . k5 Hil
i (0.035 g/100 g) o= JBR % (0.0131 /100 g) .
fif i B2 (0.00946 /100 g) . 43 i il % (0.00692 of
100 g) /A &2 7E M2 (0.00484 ¢/100 g) . X 5B AHZHE
e P A W R T R K3 1 T B T A 0 5 v U
SE AR 07 R A A ARARL S SR AE S AR A 2 Bl

WIRNIRZ —, 556 R Ty e
SHHTAR T LA BAE A DU TR, 85 AT WF 55 22 BH , 2T
Mz fie 2 5 N B A Qe BT I R I8 [ BEls , 7E IR
ros i AE E E | T 7 S0 K o A A Ak T, LA AR AF
FIVE RS, TR FRR 2 AR AR TR, Th AR
TEIE S S K AE AL b —EME 0 v R i I
JE s N AT AR A i ORAg A FHL, B R 2 T LA R Il
Fi e I A S L Y S0 B AT T 7 A O 2 o
I 2 1 g A PR T e R R I O T R
i, AR AT I SR AR R

233 HILmEmR AR 0 AT Ui R
2 0 TR R ) TR, U R P U 1)
BIRTRYI I, 2 3 nl A, L R i S A A
R St 7 3.91%, 2R SERAE T IR 2 ¢
EEMAE MR IR LR 2 R RN /AT, T 1 fa
R FE i rh i 2 BE IR n oy U HRIEFI Y 3 280 AR 3
g IR R A =R | H 2R o 1L
Mg T i S U B A SRR AR LRI A R R i
WREFAFEAA B TTRAIE ], 3 O o A s A
M2 (1) 26.09% , PR iE 1 S R 7E £0 35 iR 5 bR 2ok 2 b i
FRER . e K SCARFIXTR ot FE TR I A 5T
BRRMRLAR S /5, 5708 0.42%H
0.32% ,3X 5 A5 BRI 45 SR AR AL, % 7 1 fa i
R Et A BTk o 2 H R H AR AR
WNEMR R RS, SCa2 R AR R
M S R v R T AT BRI, 7E f 3G TR R S rh ot
R AR T E SR 6 Fh, Hph A RS &
7 0.3%, LT AERT®ETREN, EATUY
S5 BRI A A R — E VR ME,  B R 44
AN

g

—

&
e

o

®3 BLUBERTHESERNAREREDH

Table 3 The composition and percentage content of free amino acid in Lei Shan fish sauce sour

2 A ELS TR F 5 #% 2 #k EL7S JRF 5 #1%
R T4 R (Asp) $fuk 0.43 EE Eek 0.21

AR sk 0.59 F R Hok 0.04

X8 Hok 0.16 J & — 0.03

EENd Eok 0.27 e Fk 0.17

H R 8¢ /8 ok 0.36 F A E ek 0.30

P Hok 0.17 FSEN Eok 0.17

T 2B Hok 0.25 i Eek 0.07

B BE 8ok 0.32 R B Hok 0.27

B 2 BR F R 0.11 RAREF 3.91
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3 #Hig

ENTERSTRUN =B ES IR cE v N = S 1 ]
IR DAY A B AT S, IR
B B TR & A 22 AR, 249 AR .
AR LB 1] (Proteobacteria) AR BE B ] (Firmicutes)
EEENAET, 5T AR ] S
69.81%, TiFFHJE (Arthrobacter) MEI/KIKH B
(Ralstonia) 2}y 0.3 12 0 AL #5185 0% 12 4 I/
J& T 22.18% , T3 15k A 7 L1 £ 1 v 200 7 T )
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Analysis of Microbial Diversity and Quality Characteristic of Leishan Fish Sauce Acid

Zhang Lijuan, Gu Xinxi, Sun Jilu, Tian Hongtao, Lu Haiqiang"
(College of Food Science and Technology, Hebei Agricultural University, Baoding 071001, Hebei)

Abstract In this study, high—throughput sequencing technology was used to sequence the bacterial 16S rDNA V3-V4
region in Leishan fish sauce acid, solid phase microextraction (SPME) and gas chromatography—mass spectrometry (GC—
MS) were used to detect fish sauce. Volatile components in acid, and used statistical analysis to calculate its quality
characteristics. According to the analysis, there were 1515 ASVs, 22 phylum and 249 genera of Leishan fish sauce
acid. Proteobacteria (39.13% ) and Firmicutes (30.68% ) were the main bacterial phylum in Leishan fish sauce acid.
Arthrobacter  (11.246%) and Ralstonia (10.929%) were the main bacterial genera. Seventy volatile components including
terpenes (33.65% ), ethers (33.53% ), alcohols (16.45% ), acids (7.82% ) and esters (6.47% ) in Leishan fish sauce
acid were detected by SPME combining GC-MS. Among them, anethole (23.25%), d-limonene(13.12% ), 4-methoxyal-
lylbenzene (8.52%), linalool (8.35%) and sorbic acid(5.96%) were the main volatile components. In the quality analysis
of fish sauce acid, the highest content of citric acid in organic acids was 269.6 mg/kg, the main fatty acid was linoleic
acid  (0.047 ¢/100 g), and the umami amino acid was the main flavor characteristic of amino acids. In this study, the
microflora structure and volatile components of Leishan fish sauce acid were identified for the first time, which provided
a theoretical basis for exploring the fermentation mechanism of Leishan fish sauce acid and standardizing its production
and food safety.

Keywords Leishan fish sauce acid; microbial diversity; volatile compounds; quality analysis



