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Abstract: This study focused on crayfish shrimp paste as the research subject, with the addition of 0, 20%, and 40% shrimp
shell powder, respectively. Across three fermentation stages of 0, 6, and 12 days for the crayfish shrimp paste, an
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investigation into the flavor and microbial evolution was conducted utilizing electronic noses, gas chromatography-mass

spectrometry (GC-MS), and 16S rRNA sequencing. The results showed that adding shrimp shell powder could significantly

increase the types and contents of volatile flavor compounds (sulfur compounds, amines, ketones, esters and heterocycles)

in shrimp paste samples, and adding 20% shrimp shell powder could better promote the production and growth of volatile

flavor compounds. Combining odor activity value (OAV) and variable importance for the projection (VIP) screened out

three substances (2-decanone, methylmercaptan, dimethyl trisulfide) as the signature flavor compounds to distinguish the

difference of different addition amounts of shrimp shell powder and different fermentation time. The addition of shrimp

shell powder increased the abundance and diversity of microbial genera (Oceanobacillus, Virgibacillus, Cerasibacillus).

Combined with Spearman correlation coefficient analysis, it was found that the unique Virgibacillus in the shrimp shell

powder sample group showed significant positive correlation with several key flavor compounds and contributed the most

to flavor. In summary, adding shrimp shell powder to lobster paste, especially when the amount is 20%, is conducive to

promoting the growth of flavor-related microorganisms and enriching the flavor of shrimp paste.

Key words: crayfish; shrimp shell powder; shrimp paste; Volatile flavor compounds; microbes
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Fig.1 Electronic nose principal component analysis (A) SR T LR I A P R P () 2 R
and radar chart (B) of each sample group R T 2L TR S 1 1
2 BHEMEAPEREY RS E
Table 2 Volatile substance content in each sample group
£5 i ALY
Non-D0 20%-D0 40%-D0 Non-D6 20%-D6 40%-D6  Non-D12  20%-D12  40%-D12
33 N - 0.98+0.38 - - - - - - -
= - 8.1242.55 22.55t11.45 834+2.04 30.11£12.40 45.4740.05 23.84+5.63 75.80£1.36 31.61£12.27
. 7S FF 35 P e - - - - - - 1.18£0.39  1.38+0.01 -
Wik R T P e - - - - - - - 1.74+0.16 -
N-5 T3 2 ke - - - - 27.57+7.60 - - - 3.42+1.19
1-FARCRE-2-TA 1% 1.43+0.60 - - - - - - - -
2 (6) 1.43+0.60  9.10+2.93 22.55+11.45 834+2.04 71.62+0.72 4547+0.05 25.02+527 78.32+0.80 35.03+13.38
KW - - - 0.72£0.23  0.66+0.10  0.01£0.00  3.42+0.23  9.9+2.30  4.89+1.30
2-Z LT B - 0.34£0.06 070029  0.58+0.13  2.26+0.50  0.01£0.00  1.46£0.08  2.51£0.56  3.04+1.38
, 1-C - - 0.43+0.22 - - - - - -
Bk S - - - 6.08+1.31 - - 2.17+0.15 - -
1-2F 0531 - 0.27+0.03 - - - - 1.05+0.09 - -
R-3-C- 11 - - - - 2.25+0.69 - - - -
w2 (6) - 0.61£0.09  1.13x0.51  7.38+1.66  4.20+£1.57  0.02£0.01  8.10£0.32  12.41+2.86  8.82+2.03
CLE 2.23+0.87  0.31+0.07  0.66+0.49 - - - - - -
PR - - - 0.57+0.15 - - - - -
AREE - - - - - - - 4.55+0.67 -
2-2F i - - - 2.43+038 55471421 0.22£0.02 241037 10.22+1.06 31.64£15.66
3-2¢ - - - - 1.39+0.34  0.01+0.00 - 1.05+0.18 -
2-+—H - - - - 3.2740.16  0.01£0.00  0.76+£0.06  7.15£1.35  2.23+1.01
IS 2-+ =R - - - - - - - 1.85+0.34 -
2-25 - - - - - 0.0140.00 - 9.85+1.76 -
2-F-Ff - - - 1.24+0.14 9933251  0.04x0.00  3.14+0.50 - -
2- - - - 1.2340.32 - 0.020.00 - - -
B-TER IR - - - - - - - - 0.92:0.20
P - - - - - - - 2.37+0.52 -
2-F - - - - - - - 1.17+0.86 -
MR (13) 223+0.87  0.31+0.07  0.66£0.49  5.28+1.10 68.97+18.45 0.30+0.02  6.06+1.23  45.29+8.51 46.40+8.37
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&gk
s i (ng/g)
25 2FR
Non-D0 20%-D0 40%-D0 Non-D6 20%-D6 40%-D6 Non-D12  20%-D12  40%-D12
xfr,raT%ﬁ;t:LMql B 3 3 _ N 3 B 41554772 B
SRR H g - - - 475+0.80  14.03£3.42  0.08+0.01  6.80+0.89 18.23+14.75 28.44+17.03
TRRH R 4.69+0.24  136+0.57  2.20+1.70 - - - - - -
2- TR H iR - - - 1.10£0.62 - - 0.82+0.15 - -
sk -HETREE  1.74+0.12 - 0.73£0.01  2.07+0.38 - - 2254045  3.73%1.14 -
- R
3,3 E@Wkﬁ L - - - - 1.38+0.52  0.010.00 - - 1.99+1.21
%:n’*‘_ S ,‘::
I a%ﬁﬁqﬁa _ _ - - 1.80+0.13 - - - -
2-H BT IR HR - - - - - - - 0.99+0.30 -
T RS TR - - - - - 0.0120.00 - - -
fEZ(9) 5.85+1.07  1.36£0.57  2.93+1.68  8.79+1.27 19.50+2.14  0.10+0.01  10.24+0.99 71.42+11.40 30.43+18.23
2,6-HISEnk g - - - - - - 1.16£0.04  2.95+0.82  3.04+1.40
SiEelidc - - 0.60+£0.31  0.54+£0.11  4.24+0.89  0.02+0.01 1.37£0.07  2.82£0.69  3.47+1.53
2,5- H Sk - - 1.5540.57  3.9340.92  22.08+4.92  0.11£0.01  12.14+0.55 24.5445.43 29.15+13.24
2,3,5,6- P4 HH ik iz - - - 1.550.50  4.07+0.92  0.02+0.00  18.74+1.19 13.59+2.46  5.17+2.47
3-G Sk - - - - - - - 3.14+0.77 -
2-1E 3 HE kg - - - - 9.99+0.35  0.02+0.00  3.63+0.91 - -
2,3- T H Sk - - - 0.54+0.10  4.36£0.99  0.02£0.00  1.90£0.09  1.47£0.22  3.07+1.39
2,6- - FEnk - - - - - 0.01+0.00 - - -
2-Z,F-5-FR LA - - - - 2.08+0.46  0.008+£0.00  0.75£0.03  2.15+0.63  1.91+0.85
hﬂ:)& -
RIPIR _ ! _
3 Z‘%ﬂtég T - 0.30£0.04  0.72+0.30 - 2314046  0.02+0.00  1.80+£0.02  5.30+1.06  3.52+1.65
2-2FE-6- ML v - - - - - 0.01=0.00 - - 1.130.56
7 35— {
2 L*uﬁt’fﬁ*m% - - - 0.52+0.11  2.72+0.46 - 3.3240.13  3.5240.84  6.79+1.46
= JEnk - 0.33+0.05  0.80+£0.38  4.53+0.97  20.03+4.42 0.09+0.004 28.08+0.82  42.55+8.4 28.53+13.44
2’3’5'g$§'6'5 - - - - - - 3.86£0.14  2.22+0.45 -
Gk % 9 14.02+13.28 - 7.8243.44  7.16£2.66  60.51£8.26 134.31+0.00 53.25+4.93 77.43+13.93 90.75+46.52
Z'H}F%}g&*@% - - - - 0.91+0.13 - - - -
ZREA(16) 14.02413.28  0.64+0.09  11.48+4.00 24.21+4.92 131.62+18.46 133.70+0.97 136.51+8.46 203.35+17.46 221.93+36.62
HB - - - - - - - 54.27+5.67 -
3-H 3-2- T - - - - - - - 1.24+0.44  0.61+0.24
gﬁ’%}c ZHIEE =R - - - - - - - 61.69£16.39  6.16+3.12
&) S-FIZENN_Z 5
ThARE LR - B - - - - - - 1.93+0.95
3-EF'%E$L!1EETE& S- N _ _ _ _ - - - 2.13+£0.89
EHALADI(S) - - - - - - - 126.98+5.70 10.13+5.15
LR - - - 2.77+0.34 - - 5.77£1.35 - 15.240.24
2-MNALIRRTR - 0.58+0.00 - - 1.30+0.29 - - - -
s - - - - 318.90+84.66 3.42+0.02 323.22+11.21 - 0.98+0.43
Al A - - - - - - - 1.47+0.12 -

- 4-5 o
32 4@;\' PR 91.14+37.59 94.59+15.68 133.35+20.25 50.21+0.08 - - - - -

XoF R - - - - 1.300.30 - 1.1240.41 2.3+0.68 -
1,3- K - - - - - - 1.06£0.07  1.18+0.18 -
e T FRAK

PEMRE ) A AS H 13 Fb e RIS 2 A, SPRrARRARL. MRS R BT A TR R 2L, TR
M) 0T T 2ok A T Z AN AR IR A A elid i A HNIRTERy I BESE IR BT, AT RERIRS el R g
TRANNE D A E S A= ARV A A et ™), s SeERMEG] T ORGP B S AR K
PR RIS D e HE AR, ST REJ IR PR PRI o W% | A AR B Z A AR T IR AN ki A Y, 7
BRI, SX SR SR XF O I AREE XK B8 20% HRSER ISR 2H ) P e e, Ho 240
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T o b e i, 2~ ) S SR Bl A A EEE R TR A 2 T
Fhig, 5 Zhu 2E0 L5 RARR, X T EESE Tk
255,

B o FH K AL G ) 53 . R 84k . Tk
AR e AP, AR AT LR Y, BEZETE 20%-
DI2 A& mim (12.41 ng/g), Al HERIN N &l
HARY IR 30 S A A, IRFe e 2 JL
TSR WV E N EEIS TR IO, FERAE IV E T BE
— oI IR S R . BRSSP R RN
HILTR 104 = 1l PR A 52 o % Sk A= 0 ) iR A0 i I8 T %
R, BAT RAFIRIA, FER IR 12 d BFFRSF & f fx
=1, WA 20% UFFEA IS EET  E H 10.24 ng/g T+ &
71.42 ng/g, X "] e S51E A ERISHIMAR MBS Y BT AE S
JINURFERY e R AR A G, Mot B2 ey
AR A= A S Tl 5 AF N 1) S 18 & A A RN, i
WEB S SR r= AR, IR P F oy —
FA iz, = FRHEAE 20%-D12 4 &=, i 75.80 ng/g,
X HER S Zead LS AR B, MA PN AY A = H e
BAVEH T A dEME o= = U7, Liang 2524 [F]
FEAERIIN TS5 XTI A = P %, ik &9
ANAE RIS 12 d K2, FLAEsin 20% ERFokr2E 5
g s (126.98 ng/g), Sl E AR5 50RAE
WEER AV ERT T, BRI TR A B & i 2 R R 42
P2 A AP, MRS SR AT R AR ) K 1
FEAEMURE B USRS, nIRBE S LA S AR

DA 45501, MRSEAG S T AR SE 5 ik
(e 1 =N T E N 155 U B TN o e 2 = Ui
A=A, X T RESZ R O RS A ST R B T ik
IKA Y, A8 K B R b G S W A Pl Y K AR,
KARRIVEA . SEHAESE— R SN, SE ARG RUBR
YA il
2.2.2 HT OAV EHFHTCHEXURIL G — Mk
Ui, OAV B -5 X1 it KU STHR R 2 B EAHDE, OAV>
1 UEEP 00T SR XA B i STk, Al e S oG
BRG0P ARYE B AN S AR, e T
8 Flt OAV=>1 WXL, Unze 3 Fion. AIAIAES,
OAV HWMAFHE—EZESR, ARG INEFFEm AT T

REIRE AL ZE TP I A S 1 LD OGRS 4, B %
ZHIRUARAFFAEAS 8355 TSI 20% HRFER L HE 12 d A
i OGRS S R S 22, GG =W e, 2-F—
Pl 2-SS R SR F PR . PR . SRR =, DR
HRSEHT BN REAS = 5 W A XU

—WAE 8 LHUREEAR S h AR BE W AG I ke, AH
X s e, BRI, HA R, X XU sTikds
R, AT5E SR KPR 1 S XU ) Jot; — Pk —
L [ A o S B RV, (B AAE T U IRt
RE 12 d PYEREEAESL b, SRy DRI A 1 v 25k 5
AR B AR EE RAEGSIN 20% HRSEM AT 12 d BE5h
R0t ke, [ BAT AR L, s AP 7E T K
ai o SRR A 2H R AR () AR AR S8R R L
A UHAB R, FAAET R 6 d 1 12 d AYEREFE S
ZAr, SR XK EAGE A 3 T A AVE I R
HREA AT | AT AT IR, (H A HA 5 i B A
T2 OAV HAR/N, RAER IS BRI 20% HREAE A
2H H AT B R O XRS5 1

BAKATE , BSINERTEN) 5 AR A A i 2 = FH i
I 22, PO E R OCEEIXUIR Y BT, H S AR RSk
PSS I IG Z2, SR = o i B XU SR 7 & i e
PR IR SRR IXUBR ) JB R IS 1 o, A SRS | RS | I
B, HEshn 20% HR5Eks BOAE Sk 2H TP R 2 N2 A5
HA AR RAFRMIE XU BT 2 BRI, HRE XUBR i
REA Tl -
2.2.3 HTIEA /N A S AT IR ¥ T 1 25 bR
BRI GY) s E MRS (VIP) B T
1E A2 i f5c /y —.3fe 2: (Orthogonal Partial least squares
Discriminant Analysis, OPLS-DA ) #% #U vjr 74 5 55 %
FREE VY, VIP AHEK, RIUIZE W SIS R
FhZE ST PR EE P AT s BRI 31 i T
62 FPHERAERIR Y B 4T OPLS-DA 7347, 4152 HY
SEERNE 2(A) s, B IBITCE G, fefsRcar-ib
WX I3 Z2id 200 YOEHRAS L, AniE 2B, AR EA
HHEE(RYy) R 0.999, BIAIFHINFE XL O° 2 0.997, Ui
BRI FAE L A, ARG TIEAT 24

VIP (B A& 2(C) iR, Mg ) 24 FhoCH 2 55

®3AHMET OAV>1 Y
Table 3  Substances with OAV > 1 in each sample group

Hir's E4S 18 (ng/kg) RT3 oAV
Non-D0 20%-D0 40%-D0 Non-D6 20%-D6 40%-D6 Non-D12 20%-D12 40%-D12
1 = 0.20 PRSI R Rt SRy E — 4060 112,75 41.70 150.55 22735 11920 379.00  158.05
2 23 50.20 PSS - - - 0.05 1.10 - 0.05 0.20 0.63
3 2~ 5.50 Sk - - - - 0.59 - 0.14 1.30 0.41
4 2-Z41l 8.30 RO - - - - - - - 1.19 -
5 SN R 4.40 HeIRATFIR - - - 1.08 319 002 1.55 4.14 6.46
6  2-1EJIEILI 6.00 ek - - - - 1.67 - 0.61 - -
7 CRbiii 0.20 TR - - - - - - - 27135 -
8§ MR 0.10 T i AT 280 AR PR - - - - - - - 61690  61.60

e T FRIR A, SR BB AN A 32 B IR A4 7E 26 BHE e http://www.odour.org.uk/, http://www.flavornet.org/, https://www.chemicalbook.com/

ProductIndex.aspx.
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Fig.2 Analysis of OPLS-DA (A), random permutation test (B), VIP predicted value (C) of each sample group based on GC-MS

KRS (VIP=1, P<0.05), 454 OAV {HUET4)
BT, B2kt 3 PR o (2-25 00, FAR s, 3L —
i), FTAE SRy DX G5 AN [RI MRS A3 S It FIAN W] & [T TR]
25 F IR ETERRIL G . Gao 550 AEWFIE “ WK
TR X IR 2 e IRUIAR 114 52 i P 22 il A — FH 35—
WA Sk XA A, 22 B HGT XK DTsik BH e, mT
IAE R AS TR ZH S0 i 1 25 5240 Bt . Deng 265081 45
MRS B I P B R 3% = AR S KRR R o
gh 43 2 AT LA HY, 2-SS A G A AR BRI 20%
WRFERy 9 12 d KR R & 555, Al DIVE I RE
i X HAZH 5325 S AR A PR XU A A5 42— HR 3k
FARACAE T EHINERS A R 12 d g il b, (HAE
20% WFSEAT S IS 2H 53 v i B B e K TS 40%
MRS LA, TT AVE A X S I RSy iR 1 AN ]
KPRl K 12 d BRI INAS [] B RS2 A5 25 5114
FrastE RIS o
23 MEMERSR

TR YRR 1 R B R S L AE R, iR
US4 Jot B0 B BB B AN R A W BIE . SR 16S
rRNA WJFXF 27 AFE T P AH B A sh 2387 ik
T, & 3 BIRE BRI ZE A1 Shannon Al £k 20,
LS TR IR e s (RS St NS RS S5
2.3.1 Alpha Z#EM:504T  Alpha ZREPE =225
BT RE S TP U E S 1 ZREPE R R B, A4S Ace.

Chao 1 Shannon 453 #ED?, i & H8 EBUE K, Ui AE
fm ARk R E Y, Coverage S P IR A
R ST R, B ReCERAEAS T A T
Y BSR4 Thol LB R, ra RS
TEFAREIR 0.99, AIIEBM T AT SRR, Tk 4
TR, BE5 Y Ace. Chao Fll Shannon +5 %% 4% 2R 3% BH
R AEY 8 W2 TS, BN e i E ==
B2 N RE(P<0.05) ; HEI AT BRI R A TR e 1 A5 A7
TG G, REYRE S, e E 2
PERGH T & USRSk, A sk 72 R HA PR
AR BT, X Rl A= 9 A f i B, AR Tk
VBT S

2.3.2 MREAESVEE W RBE B S AR FETTKRTE
b, RE R BRI S e A BT ],
ABINERSER AR S A 5E —DE AR T R A )
(Firmicutes ), H.¥RZFUFT 1] (Bacteroidota) . 2812
B ] (Proteobacteria) . 75 ERE ] (Deinococcota) LA
K eRH T ] (Actinobacteriota) , SCHITE WFFT IE A A
NI AZ O BRI REA AR TR A T ]« SR DA ) 0 BE TR
[ LR (5= S5 Vi 1| AN e 7 ST I E 222 /S E VY o
WL, ABTEE] L A BREE ] A SO o 1 1 B,
BEHTHGIN, 3X AT B2 B R T ey B 3 S LA R SR
51, RERSHEAUAT B [ T RANASIE AT ] b 08— LE gl B R,
I HAE K, S EURCRII R R I R Ta T .
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Fig.3 Shannon curve (A) and dilution curve (B), relative abundance of microorganisms at phylum (C) and genus (D) levels
in each sample group

# 4 Alpha ZFEVEFREL
Table 4 Alpha diversity index

FES Ace Chao Shannon R
Non-DO  358.04+34.06°  359.68+26.72°  3.07+0.78" 0.99
20%-D0 32.34+2.46° 32.44+3.10° 1.640.04° 0.99
40%-D0 32.542.19° 31.44+1.90° 1.48+0.04° 0.99
Non-D6  441.38+£53.79"  434.24+47.25*  3.76+0.02° 0.99
20%-D6 59.95+2.37¢ 58.6+1.90% 1.42+0.15¢ 0.99
40%-D6 69.85+8.18° 74.39£19.06°  1.67+0.01° 0.99
Non-DI2  437.63£15.73"  433.15x13.71*  3.85+0.03" 0.99
20%-D12 68.09£6.21° 64.39+15.66  0.55+0.24° 0.99
40%-D12  59.81+9.28° 55.4+4.98% 1.55+0.08° 0.99
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TET TR L, SRFERs B R IR A2 e I 0 i 1 B
FIFPIESE AR, LR E T VA TS —, NEREE],
5 Li 452 T TELE RIS, nT REJE D D A it A v
pH Ali B A A=Ak, TSR BE B | ) AT B ey PRI IS 1V
PR, TRJ Ay NS RAS Byt 353 T2 6 1 SR RE LR T4,
AR T HABSAAE Y, IS AP RERE T 4 Ml 1V A2 1%
MBSy, AT S A AR . AR
B AR, FERREE S (6~12 d), A RIHE
T ZAEPEI L o AR AE AR SN th 2 R AR
Wy R FAEZ WAL o LR RE R ] o 5 S B—
[z

TEJE KAV b, R A EEASUR INER S5 10 3 A

Mk 10 A FZEAE IR, FHXTFEE /DT 1% g
SRIHABE . LI, KBRS MR DL 2R AT oA
J& (Oceanobacillus) ki 3=, Ui & )5 I BEE 5%
AU AE I, WFST R BRI R e 237 A A WIS miis
WM, s pH A BT, HeB Y A AR R A THE S
T ZE T 18 8 ( Oceanobacillus) A= A< 1) 55 B3 M 24
P, [ — R EEET ] N ESINARFE 8 s, Vg 2R
FFE J& ( Oceanobacillus) . ¥ ZF H ¥ & )& ( Virgiba-
cillus) ZFJF BRI _E TSR Udomsil 46497 &
A 2 AT 1 8 (Virgibacillus ) BEXE i Eh I EREE =
A= B AT, o R 8 B AAR AU 77 AR S )5 1T L BR A
(Macrococcus) M ZFEHIFF B (Bacillus ) F 55 B IR FE
FaTA, NI HEIE B SR MRS X 33 PR A BT T A P VE A o
Soonwooa {NAEA K& BE A A A H , 106 BH & B2 s 11
PRBE AT BEANIE G AR G MEBRRE 25 MU AT IS (Cer-
asibacillus ) {XFER I 12 d, T8I0 20% HRFEHR; 00 UF ¥
A HH S
2.4 XRR-EYIEX M2

Spearman AHI&M:— B TSR A A: B eI 5 XUk
Wy I (a1 AH SC PR i 9 25 43 B, Rl Spearman AH G
RESTHTT 9 FhALERLH Hh (Y 29 Fb EE T AR ) ST
(OAV>1, VIP {H>1) 5 10 25 & [a] B HAR G
2R, RIIGH v S A R ) o = A — e R
PUAHSCHE . R 3 30 X IRUBR - 1 =2 8] i 25 H 5¢
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Fig.4 Flavor-microbial correlation heat map

(|Spearman|>0.67 H. P<0.05), HihHA 13 XFIEARSE,
17 XFHAHC .

BEFFAT TR (Virgibacillus ) ASAFTE T B INIRTE
B AR S, AERE S TP AR TR B R ARARAR (B =i
14%), 1B H 5 22 XUk 4 o 52 i 35 AEAH G, dE —
F=hR . SRR . =, 2-- P 2-2FT, U
AHZE A AN B T G A i 22 F5 2 XUBR ) I, Xeh iR
RBRBTHRAR S, Yu S50 e iR b 43 55 R 2R T
W& (Virgibacillus ), I HAE R &), N HE RS
R PR R R E AU, A H pk A R
N ZPN R Jm AT T A Tl i XU BTlikas o, AT
FHHURFEA AT el N & Ik =F B W9 55 R I o
A XU s ASEJRASE 2E BOAT B ( Cerasibacillus ) . 2185
)& (Bacillus) . BEEFRE)E (Macrococcus) . HEZEA
P& (Oceanobacillus ) TEAE i P ARXS F- L4 , [A]
At 55 22 i XU ) T 52 38 TE A 56 A M R TR
(Exiguobacterium) . NshAT T J& (Acinetobacter) . 1
K B 8 (Enhydrobacter) #55 ZZFh XS4 o 52 B0 5. 38
ARG, (HAEXT FEREA EA K. LA RS IRFT I, 2k
PIAEAE S AR X = BE S AR A BRA R IR i XL
PRI DTRRTR AN

HH & 4 AT, Samsfn 2-T Ml HR e 5 B Bk
J& . ZEAAT R 2 B2 IEAH D (P<0.05), SRR ZE
AR TR |« B 2R B R 2 38 T AH G (P<0.05); —
FH B = i S AR 2R AT B R« BRI S 5
FEIEASE(P<0.05), —HI 3t =in] geskiR T Ik
1R . AR AR mERE BN, BEEHARS e T Rl RE A
B E AR, 16515 M R RS T e e R
WA T B R, R AT RS T ) L A AT
DIFE S A R AEAF, BRI TR e m T gk p= A —
e =B PRREMAEY); WS Soonwooa . ASBIFT
PR S 5 T A5G (P<0.05), Che 5519 A7 5C & 7%
WRE AR 9E T R 0 = e S Eh kA= 9 . U/ NER TR AN
FUFFRA R AAESS; AT TR R
FYAS [R] B P TR A AN W] FR AR 5 25T )
AL S ZE A O S

3 g

ARSZIGAFSE T BRINAS [R] R RS2 83 14 /N e iR 7
R AN TR s [] 2 PR 40 o RN A 0 TR R 11 B 25 A
fbo FEREMH 62 XKL GH), BSINURFER: 5 I ZH
SRR AR SS S A R B 22 TRV 20% T
FERTIRES TR INIL Y B R, EECh S AL S
A WSS LA R IS o . LR Y 8 b OB XUBR
TG K 24 T o2 5 RURAL G- ), H4-33C R JXUBR
AP HEATXT H, T 3 Pl XUBR A& ) (2-55 T
L . — FH 3 — 65 nI/E AN [RISRSE A i i FAS
[F) & B bt 18] 22 S i b s e XUBR Ik 5 1 . 456 16S
rRNA W7 53 AT A& B0 ELRE B 1] Sk & 1 i 3 1) P 34
BRIT], MRS S IITAT AR = R B s b s i 22
FEPE . RSB A A W) AN S 25 S XU Ak 5 i 3
29 P XURA) BT 5 AHXT FRERT 10 A58 P0)m HE1 AR
ST, ek B 30 X RUBR T A ) =2 TR] 5 25 AH ¢
(|Spearman|>0.67 H. P<0.05), Jirh 3 13 X} 1EAH
2, 17 XA, BEFMAT RS (Virgibacillus ) {XAT
TETFHNNUARFER RS T, 5 ZZFh XSRS ) 2
TEAHZE, 05 At AR STk R E s . ASFST
2% W MR 728 00 i A A R A 2R AT 1R s (Virgiba-
cillus) WAL, FETEEINHE & R 2 5 & &, B
A B MR IO AU . BIFFESYS 1] 4 R & 1)
Y35 428 LA B/ IN T R 1) 7= i 4 n T i S i R 2
%o ARSRITFFOR R AL T B O B R, 3E—25 00T
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