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Abstract

In order to explore the microbial community structure of sturgeon caviar during different storage pe-
riods stored at —2°C. Samples were taken at 0 d, 25 d and 50 d for detection. The results showed that
the initial microbial count of sturgeon caviar was 3.08 * 0.03 Ig (CFU/g), which increased to 3.68 *
0.05 Ig (CFU/g) after 50 days. The sensory quality is good and no signs of decay appear during storage.
The microbial community structure of sturgeon caviar varies significantly during different storage
stages. With increasing storage time, there is a trend of increasing bacterial diversity. The relative
abundance of microorganisms in the V3-V4 region amplification of samples at 0 days, 25 days, and 50
days showed that there were 1 genus, 14 genera, and 11 genera, respectively, with a relative abun-
dance greater than 1%. The main genera were Paenibacillus (0 d, 8.49%), Aquabacterium (0 d,
6.52%), Sphingomonas (25 d, 29.51%), Pseudomonas (25 d, 3.29%), Acidovorax (25 d, 3.72%) and
Psychrobacter (50 d, 98.65%), ect. The results of this study provide a theoretical basis for the control
of microorganisms in sturgeon caviar and the development of preservation techniques.
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1. 518

3 e 7 R BRI 1 N 2 I AR TR R B, P A R TR PR RSO R AR v R 1 A R 2 1 1 A
AL RR O s, HMA TS, Bl DRt —MEER B i K2R L a1, Hah EHRARKR
A, SRERTTCUBMR = EEN 2], AFEE 544 KA. C. Byy Bew PPL Bi). JREENRLLAK
BhOBE M. BE BEZ MY TR MNEETR SRR, EA. SAMARENR, EEAEEN
DHA il EPA, AMUEFMEMR S, EEG IR 557, RERE . fEm s 152 M E(EH[3]
[4] [5]. kPRI T — MLt 635200, WP, PEUR. k. Wik, Bhik. MEHIMaERELNSE], A
B AR O ) BRI AE AN T —FERAE 10~15 min P58, AR HEAT B0 A s o (R ik 6]

IR B AR PRAF K B 5 FE PR 88 P TR 2 —, R I S80I BE ] DL AR e el AR, ik — M /E—10°C
PAR s DR AR AT AT 2 K= b Hp A i A K B S S AR SV, B S A B o e 2 4
KEH, (HETERIVK I KA 51 K = S ZH 2R R R A R AN VR R B AR %A T SRR B M s
FEUKF= BRI AR R SR 7K il (0 H ol P A 2 A T A R 500 P RS, (IR N T I A7
DAORAEZR ™ it i 0L ) — b FEE VA VAR R 7025, BB B R ORISR/ it PRI T P82 PR AR e s 1) it 2 5
AL RE[7] - BIAEIFHE (RO T3 — AP R AE BB UK S AR 1°C~2°C 2 ) T Y, o P IR —2°C,
AT R A DI UK, 6 R LIRS M 2 R AR /N, THBIR RS, P iU 5kt T I 2
SRR, AEATES G B A SE K A AR 1.5~4 1%, % I Fi 63tk 5 (e 10 3 P S RE 8]
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TE R S Bt T R 5 e A A R, il B BOR (1lumina: Miseq) T DLZE J6 I 8] A 1) 52
FE b S E R AR 54, 2 — T AN T A SRR E T IR 1053, WT RA— IRk B T3 9%
LR > TR AT IFATIN R, AEERE S P S AR A R Mt w] DA I ok, B s i RBUE[9], 7267
TR RN I A S A 22 BEVERT ST 7 T AT T2 (1032 - Bagge-Ravn S 10]3a HY ey i &l Fr oA K
POASZK P o0 )00 42 TR A A AT 7 AR, b7 B8 1009 A AN I A=A, E0 98 £ 65 f0kF 5
)R o3 S B TR bR R A B A S R . T [LA)A A S [12] 32 H el B R BORBT AT 13
8 T AN GRS 8] £ 5t 5T S O S B A AR A, R IR A D B TS 3 K g TR S £ ] 22 4
MR, JCHAIL AR RE, X7 5 R R .

3 E0 N L 2 R R T 3 0™ il W52 S M B B R P bR 2 TR AR o, T 1A ) L 1 SR
FEEMBIR, FIRGEAAAE—E B M LRSS KTV RO AT R S U E M AR T, DadE
WEEY o B T TR 18 B S AR, A WE FUSR B v AT T o A8 i B Y o R o 2 AR A T
[Fi B 52 BE A () T 5 B 1] B 00 32 B i A e K 22 S5 [1.3] o 7 1 HE 90 P BRATT R IIAS [ D2y 191 P ) K 3
¥ V4 S e 10° CFUMg LA bo BRI,  H AT BRI 4% 1 63 fORF 35 o A e B 4 ) O 2 R
RGP TOEAR WARIE o ASZH A Hlumina Miseq SR 73 T istids OREE S 2T AN R JeR g1 63 £k 6 rp sl A=
VI RENE,  PRAE. M3 f10KF 3 v RN I ol A 00 R R 8 ) B LR AR, [RIIH R BE BT A o B A 4 6
BE, B3 A RUE YR B SR AR K

2. MR 55%
2.1 MRENE

fF R WAILIETL e e A PR A R A=, AT PR B A PR A FI Rt

DNA $2HUA 7 Z(DNA Kit)ild 3 3 [E Omega A 5 Qubit3.0 DNA il i1 &0 H 3£ [ Life 2
2xHieff® PCR iR . Hieff NGS™ DNA 43i% i ¥k (Hieff NGS™ DNA Selection Beads)I [ 35 2 A B3
A IR AF]

B R, ERE HRBARAT,: Pico™ 21 RfEELLHL. HulaMixer™FE R & 2%,
SimpliAmp™ PCR 1%, Thermo Fisher; DYY-6 C B KX YR . DYCZ-21 BUHEKAE, b —{E8)
Q32866 /i Qubit® 3.0 %ttt AL AR EVIFHEA PR A F]; Research plus 2 #%, 1%[E Eppendorf
Aw]; Miseq BMFAX, 3 E 1lumina A 7] .

22. EWAIE

2.2.1. HmAYTE

i kR RE N 3 2, 41209, —2°CIi#K 0, 25,50d, FHirb O d FIRES Juxd AL, FEG AL FE 2% Ak
SRS = LR R M AT [9] [14], AEFH JC B AN BRI BURE, B4 53 Sl BZE /S [R5 i 663 f20F P35 A 5 0.5
g Fo2ml B0, SHLBREHERE 10s j5&H.

2.2.2. T4 YEE B BONE (Total viable count, TVC)

1118 GB 4789.2-2022 (& i 22 4 [H SbRE & i A AE M) A0 B0 R 7 S B0 e ) [15]3E4T, MsESS R 1 g
(CFUIg)F R, FREX 10 g fa 13 B TR B, I 90 mL Jo i A= 3 3K, A #7035 5 2841147 2 min,
HIEL 1:10 PORE S FRRE, FEMVRE 10 1%, 23 il WCHBORVRE B2 29 1:10 1 1:100 OFF AR FEIK 100 pL, IRATHEE
R TR AR K SRR TR (TSA), BT 36°C + 1°CH45% 48 + 2 h, Ve ¥ B07e 1 21 5070 Bl P9 F s
FEFEBHAT IR, AR E S 3 IR
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2.2.3. DNA BJ$REY

DNA $ B E 480 &= S e W kAT, ke 2%
(http://omegabiotek.com/store/product/soil-dna-kit/), i 2%F#)E ks e ko 63 085 L R 41 DNA il
B BEATREI[9] [16] 6
2.2.4. PCR ¥R SREBNF

XF#-2HRE ) 16S IDNA FP31 V3~VA IXIREAT Y1, DLEREE] R 41 DNA Jufiti, 51%79:

341F, 5'- CCTACGGGNGGCWGCAG; 805R, 5- GACTACHVGGGTATCTAATCC. i@id7EIElA 5]
Y ESEFEAFIRIERR 2 41 (barcode) K AR AR HIREf, FR25FFFI4: 0d, GTGTAT; 25d, TGGATA;
50d, GTTTCG.

23t PCR ™I 4E 5 FH 20035 I B 48 i Fo wikaZE AT A, F5 ) Quibit 3.0 DNA Sl 751 & % 4fifb 5 (1 i
AT E BRI, R A AR AR TR (i) A A BRA R SE R Nlumina MiSeq & & U7 TAE .
225 EHEBEEBNFERIIN

fRHE barcode JFHI%F % AE S HEAT X oy LR, GBI RAEARIE, XA 0T S AT AR S 2o
(operational taxonomic unit, OTU) 73 i AV A 43 2852 53 M (TE 7% M AHIK R EAT), FET 73 2K%%(E
B ST R 5 E S R R A Y B R A A AR

2.3. BEALE

18 F 3 R 3.6.0 A1 Excel 2016 33847 P4 A Ei s A 2 ; 43 F % {4 Cutadap 1.18.PEAR 0.9.8 & PRINSEQ
0.20.4 AT 2 BHE B R 35 18 F 3 Usearch 11.0.667 #E4T OUT BE540#7, 18 F %/ RDP Classifier
2.12 AT OTU W Bt K Giits A6 A Mothur 1.43.0 347 Z FEPE 34T
3. BRE 7
3.1 HEFEABYEEEAHTK

ML L BT CUE H, 5 fORF 5 VA O R B8 % S 3502 o, 28 0 d i V& A 20Ch 3.08 £ 0.03 Ig (CFU/g),
TE-2CIgk 25d A1 50 d J5, FF & B 75 25053 74 3.53 £ 0.02 Ig (CFU/g)F1 3.68 + 0.05 Ig (CFU/g).

3.75 a
S 3.60 | b
E g
5 345 |
ED
330
o
;*1"\_ 3.15 Cc
B 500 ' ' '
0d 25d 50 d

Figure 1. Total microbial count of Sturgeon caviar during cold storage

E 1 SefFE EEEE LK

3.2. #£5 DNA ZBK PCR ¥ 845 R
DB ER 65 42 655 5 DNA VE9AEAR, 1853 16S rDNA V3-V4 XK@ 513 e JH i B E 4. 52
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U sE BN 2 s, SAHEEM(O d, 25 d, 50 d)7E 500~600 bp 2 (A4 &M BISE R A&, A I &
FIAERE ST I 5, R IIFREUY DNA FEA BN 2 J5 S0 5 S 2k

47.0 0.77 51.2 ng/pL
VE: A, B35 DNA; B, PCR ¥ ™21, M, DNA 4 F&EhrdE; 1~3, 3MAF3% 25d, 50d f10d.

Figure 2. Electrophoretogram of DNA and polymerase chain reaction products of Sturgeon caviar during cold storage
B 2. 8375 EEE DNA A PCR 3 18 =468 5k &

3.3. lllumina EiBEENF TG (RITTR)

SKH Mumina =38 &7 773200 3 G ok iE A EAT I, 4eid Cutadap. PEAR J¢ PRINSEQ 4%
BRAPBEAT T 0 108 S B AR IS B4 134,811 S5 80T 41, 7 41K BE S AR i #E 400~440 bp. R A Usearch
BEE IR 97%AR U X 27 A HEAT OUT J2K, JL3k15 881 4> OTUs (¥ 1).

Table 1. Sturgeon caviar during cold storage

* 1 BENERAREHANTFIIEEST

5 R GRIES {85 I 7 A B T I RKFHIKEE
#iF % 0 d 58,737 25,160,740 428.36 350 473
i £ 41 % 25 d 28,535 11,845,825 415.13 350 474
fig £ 1 % 50 d 47,539 19,885,940 418.31 350 473

3.4. WREENLR ST

Vi (R R 2 SR AEAE A BELI I — € BOR 81, GirHIR SR AR MR R 2 AR, B
BB L3tk U 0 Py K B R AR bR, DL OUT B (WA ECa) A Ashrs, Zehlith 2k, AR5 RS th 22 1538
BRI AR P B2 R0 WP BRI R AR, AR T DU SR BB i 1A 0
BE[7] [17], FIH Mothur BAEXTEAREEAT 734, R AR, W0l 3 B, mTLAFE Y 3 4L dh AR RE il 2k
B CIA B AR T2 B, AR P80 B QLR RERE I A2 2 FEVE XTI ZE 5K

3.5. ERS

TR o3 HT B (P 4) AT BSOS A ARE dl REAR 73 A 1 O, PCL [ DTHR A0 92.86%, PC2 [ 5Tk Ny
7.14%, P FERITTERZ AA R 100%, Ui SE A RENS S NAE A I AT A (5 o = AIRE dh7E £ R 70 H
BB RE, ASFEIEC BRI AR, R W] & AL A R e Ak R A T B R A4 .
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Figure 3. Rarefaction curve of Sturgeon caviar samples in different storage time
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Figure 4. Principal component analysis of Sturgeon caviar

4. BBIFERRBERD STE

3.6. BRSNS

XFANRI A (R il 3RAF 1 OTU FRAIREAT MR RE,  ForpoA =2 B KT 1% 11 /KRR 254 23 A1 L
P 50 MK 5wl N, i R RE S PE S O R T EALH R NASTE AT ] (Proteobacteria) , HHXS 3222y 99.15%:
I 25 d J5 , FEAR A E BN AT B ] (Proteobacteria, 64.71%) . H A A LFT i 1 (Bacteroidetes, 8.04%).
425 B ] (Chloroflexi, 5.78%). 7 J(Cyanobacteria chloroplast, 4.60%)%%; 7 50 d J&, FEMHAEREN
A% 4T B ] (Proteobacteria, 45.07%). J5BETE [](Firmicutes, 16.40%), kit #04T & 1] (Bacteroidetes,
6.59%). 74 ](Cyanobacteria chloroplast, 4.60%)%% .

M3 e F 5 D 5B () A E VDR VR AE SR /K P S5 M 40 A WA 20 AAHE 2 WIS AR KT 3 7 74 U 1R) S A2 4
FRRAREOR, W O d PR S AR FE B KT 1% HBAE 18, AWEW T JE (Psychrobacter), JHAHXY
F BN 98.51%; K 25 d HIFE S ARXT KT 1% MR 14 &, Horbor s = B 1A i e o M v e
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BEH E

(Sphingopyxis, 29.51%). W& 1% J& (Acidovorax, 3.79%). i =i )& (Pseudomonas, 3.29%). AT JE
(Acinetobacter, 2.76%) 1% % i% &L i J& (Sphingomonas, 2.16%)%%; i 50 d Ja AHX £ KT 1% @ g A
11 )8, FEQHRZEHT E & (Paenibacillus, 8.49%). 7KATH# J&(Aquabacterium, 6.51%). HHZUEE L b 8
(Sphingomonas, 4.82%). & i 42 B J& (Herbaspirillum, 4.55%). 1576 5. 1% J& (Pelomonas, 4.16%). - #iFT
T )& (Bacillus, 3.55%)F123L 4T & (Phenylobacterium, 2.37%)%%. LA L4550 EH], #3645 E—2 °Ciukr
FECAN ) SR S B R A T BCRINAR AL, 3X ] e DA AS B T J8 IR (R 32 BE AN ], ek — B It 8] J
Ty 52 FEE 50 PR ] SR B A0 T SO A BT, RN X S B T x5 72 B I SO ) T o e = AR

100% . = ]
. u EREE ]
= 4y KA
-yﬁgm
m ST
80% r D%gnn
m R
= T ]
]
_ T
g 00% m O E 1
& ] ‘
= R ER A ]
£ SR
| r
Z 40% = i E T2
= AL T
WZ AT ]
-§£%%m3
LR |
20% R JEART]
BE O )4
= eSO 5
Er e
A . 7
0% T

0d 25d 50d

VE: TR ST 1T 1~7 23 5124 Ignavibacteriae . Candidatus saccharibacteria. Candidate division WPS-1.SR1. Parcubacteria.
BRC1 F1 Microgenomates.

Figure 5. Distribution map of the community structure of all samples at phylum level

5. BENTECBABEE A K TEESENN T

Table 2. Relative abundance of microbial flora at the genus level in Sturgeon caviar during cold storage

*® 2. BENELHMEEEERKT LA ER

WR AR od 25d 50 d

W& ¥4 #T 14 J& (Psychrobacter) 98.651 0.385 0.173
4 5 B i # 8 (Sphingopyxis) 0 29.510 1.137
K LEFHT % (Paenibacillus) 0.160 1.110 8.489
7K AT 18 J& (Aquabacterium) 0.064 1.651 6.517
B4 B 50 15 ) (Sphingomonas) 0.205 2.161 4.819
T8 5 R T JE (Herbaspirillum) 0.009 0.163 4552
75 I ¥ 15 J (Pelomonas) 0.053 0.333 4.157
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Continued

I AE YY) (Streptophyta) 0.086 3.303 3.819
ZEFHF 8 (Bacillus) 0.083 1.077 3.552
ZEFE AT B )& (Phenylobacterium) 0.011 0.222 2.368
R4 SE AL # R (Candidatus kuenenia) 0.009 0.372 1.676
W& TR 1 )& (Acidovorax) 0 3.792 0.461
5% 5. fu T4 J& (Pseudomonas) 0.023 3.290 0.752
ANBHAT # JE (Acinetobacter) 0.017 2.761 0.781
& F T & (Chryseobacterium) 0 1.671 0.092
LEBAAT 1 J& (Gemmobacter) 0.002 1.403 0.401

T AT B J& (Thiobacillus) 0 1.345 0
& H L 5 J8 (Methylophilus) 0 1.312 0.341
1] 14 J& (Ensifer) 0.002 1.116 0.092
111 7% 8 /R 15 4 J& (Burkholderia) 0 0 1.003
JiBROFT 7 J& (Desulfomicrobium) 0 0.875 0.079
754 B Ji 14 )| (Stenotrophomonas) 0.011 0.698 0.105

YA & (Lysobacter) 0 0.646 0
1% £E #2987 1 J& (Bradyrhizobium) 0 0.398 0.524
A fir 4 1% J& (Ignavibacterium) 0.015 0.307 0.728
LT 74 J& (Lactobacillus) 0.011 0.124 0.726
KR 7 MR 2 M AT B (Rummeliibacillus) 0.009 0.052 0.760
i % J& (Ralstonia) 0.004 0.026 0.901
SAH AL B (Sulfurovum) 0 0.007 0.856

42K J& (Unclassified genus)
K53 M H (Unclassified bacteria) 0.449 6.410 13.704
PRE 48 B FH(Unclassified anaerolineaceae) 0.011 5.725 2.211
FFE 1 J(Unclassified bacteroidetes) 0 1.012 2.263
B-A% T B 4N (Unclassified betaproteobacteria) 0.026 0.979 2.672
772 B Al (Uunclassified planctomycetaceae) 0 1.345 0.684
214 W #H(Unclassified rhodobacteraceae) 0 1.070 0.634
I J1 T 5 i BH(Unclassified chitinophagaceae) 0 0.816 0.361
415 FHUnclassified sinobacteraceae) 0 0.770 0.107
KT 5 H (Unclassified bacteroidales) 0 0.744 0.312
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Continued

{152 R H (Unclassified burkholderiales) 0 0.725 0.312
y-Z5 T 40 (Unclassified gammaproteobacteria) 0 0.718 0.697
200 5 & (Unclassified xanthomonadaceae) 0 0.718 0.602
B AT 1] (Uunclassified acidobacteria Gp4) 0 0.646 0.610

L (Unclassified cyclobacteriaceae) 0 0.601 0
AT AH(Unclassified enterobacteriaceae) 0.017 0.313 0.516
A5 ] (Unclassified proteobacteria) 0 0.111 0.589

HAih 5 )8 (Other genus) 0.071 17.187 23.869

3.7. FAPROTAX ThEEFum

T R A% 2 2B T e 1B (Functional Annotation of Prokaryotic Taxa, FAPROTAX)Z) #r fid 41 7
TS () o 2B P B V8 T T REVERE . FAPROTAX JH B & R AZ A VIR BEThRe SR e, Wi “Wfp - B3
ey 27 MR R, A8 4600 24N FEZMA VI 7600 £ K IR iE (S 5, 40 80 £ Thie
S, Bl GEE IR BEAER . PRk TRERERIFIR . TEAHER #h T AF[18]. HHIE] 6 TR, 6 fkf ¥
5B O d FF al FR A I D e R T R AL R e SR A EAG RE S 77, 70l 7 49.738% 411 49.732%: It
25 d J5, HLRE ST IR AL EALRE S 97 0 ) N %A 30.184%F11 27.924%, [FIF IH-4%14(2.486%) iR £h it
J5(1.946%) U AT FH (1.462%) F1 K B2 D e S5 35 19 5 s 00 25 d )5, AHRE R R MU A RE S 92 0 il T
F% >/ 18.646%7F1 15.839%, [A]f JK 3 7 f#(3.612%) « [l & 1F H(3.568%) M 4¢4(3.129%) K 1% (2.434%) -
PR AE I (1.808%) . EAHER £5FF I (1.280%) R4 S S A0 (1.14%) FHAH TR #5340 )5 (1.125%) 55 . LA - ThRg
BRI RY, 63 H R U R B S IR T RR IR TS, E i A S n) IR AR X A e 5 A R AR
BEDAR. AL, EFFEIEIAE R KRB BIFRIER . HIRIE R . AR #h
RAAE AL S Th e S 108, X AT AE ST E] N, N-— FF 38 TV Al A0 T RS 2 26 AR B4 o6, Stk
e 50 J SO A P R R 2 R R T 7 5 SR — B

100% —— w fkfi u AL B
= AT A 4
- wEWEE L I m A
0% L R AE ] u S RAL AR
m T £ S5 u B
T A RS
_ i 18 0 L B I
< 60% t R AL T AL IR,
P m R E I BRI
HE m PEEE R m AL A & i
B 400 = BT u B
m 0% u R m 5
AL BL AR
i Er s A 7 b WL Eh A
20% F u N MR FAEY
w O AL UL AR T m AR BT
w A AL w I F AL AL
w L TR R w L 7 B I
0% - : = B B B BT

0d 25d 50d

Figure 6. Relative abundance of bacteria function in Sturgeon caviar during cold storage

6. BB FFEPHEMIREEXFE
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4. g

T 0 2 52 T 7K 7 i ot RN 6 A 22 MR R BE DR 3R, TR T I K B 48 3 . Bahuaud %5 [19]
AT T —=1.5°C Rk 19 K P v ik (Salmo salar) i f 25 ARG L2 2R K p S8 48 b,  RILE 5L 4
J (R VG Bk b TR ATD AR R AT s 2P0 i S5 [20187F 78 T E—2 C iR Il 560 RS0 B4k R
SRR AR AL, S5 R I —2°C Ik AT S K L PR 2R 4 20 d; Bl SEZE[20)WF 70 1 Bk A £ (—3 °C ) e i 14D B 1
R AE g R R LT . pH (B TVB-N B 4HpE e B B B NSk S5 F bn (1810, RIS 4°C I,
HAHLL, TR OREE 25 (p < 0.05) 20 | & WR R 5 REE . ALIn g R RY], 63 EAE-2CH
i 50 d J5 A HPUBE IR, EECE S SRS 0 d FIREMIRA B E R, MR AE TR
ATLLAE 50d BA L

TR PDREVE I B X K B A AR R R S R A RN AR [12] € T 0°C R RS ke
FOFF 5 AN [ R B R 2 R, 5 SRR BT O S 7 U (R LA B AR LR 8, R B4R TUIR R
J&(Shewanella). i 5. H i J& (Pseudomonas) . = fl T 54 J& (Bacillus) F1E ¥4+ )& (psychrobacter) , B K /b
(135 AT 1 J& (Sphingobacterium) . 275 &4 i 1 J& (Stenotrophomonas) F1 A 5 T 14 (Acinetobacter), ix 4
B A K b DL AR (A 28 8 W J8 « T [11]38 58 16s rDNA K 23s rDNA 415087, KRIEATH N
Mt £ K 5 V4 Rt P2 R (O O A T TR, LT R T 0T e 0 K 5t TR A B KR . AR SEEG Y, 3R
F¥AES 0 d ) B4 S48 B VMG ¥ #T 14 )& (Psychrobacter), 7E—2°C i 25 d #1 50 d J&, FENH G IE
AR R HUAT 1R JE (Paenibacillus, 8.49%). 5% N 51 /i B4 J& (Sphingomonas, 4.82%). #Ff#T k)& (Bacillus,
3.55%) 1B 5. /i 1 J& (Pseudomonas, 3.29%) F1 A3l #F 1 J& (Acinetobacter, 2.76%) %%, 5 Lk #ff 7t 45 FHEA—
Bo AT T AR A ) b RO, ARG P SRR [22] Vi1 Sk[23]. YA St [7]
R I 36 ) A 5 v B AR R . BB, AN S bk S IR A R 3 A -2 °C R 2 1R A T B T T R
(Sphingopyxis, 29.51%). 7K AT J& (Aquabacterium, 6.51%). & 5t & 42 i J& (Herbaspirillum, 4.55%). 57 &
Jitd 1% J& (Pelomonas, 4.16%). FEFR 1% J& (Acidovorax, 3.79%)F17K 34T 1 J& (Phenylobacterium, 2.37%)AH %3
R LT, 5 R ERE —wER, XalReSg. ok AP N LIRS R i AN A K.

EARERE, ARSI 25 d RS FAXN FERT 1% wExRE, A 148, HPHEkeg
R B AR 32 B 29.51 %, JEIX —Fr B E AL R . BRSO B R IR TS R A AR, I
FETARME, g KL, HE R IR R BRI 52 708 FR IR EE, 2 — KRB0, Regl
EEE YRR B 5 1R e [24], B AT Rk B AR VR P L) T DL IE et v R v 4 1 B (19 AR KOs FE kAL
PUVT 2 AR I AR [25] [26], 38 ARG 58k 1) 63 f0F P35 Hh BOR 13X — B BRI e b AR 35 B, (HE I
ANBEA IS TN 32 —2°C B A, £ 50 d (R it Hh AR = FERRAIR R 1.137%, HEWINEH G 5 B 8 v e
3 £ K 5 A I B E RO . Ak, 3 kR AR U EK AT 8 . e T AR R . V5 e R
B FEIR 1A B AR B AT B B AR F 2 25 BT, XSS B B ARV R i R TE R D, g A e i Rk
R £ ZLR IR A fpidk— 0 SLIR I B

5. &hig

5 1R A —2 CAYOAR I IR A4 SR Rl k3 50 d DAL, B SR SWIRALEEZER. % 0dH
SH0CH 3.08 +£0.03 Ig (CFU/g), 7E-2C ik 25 d Ji % i B ¥4 = 500 3.53 +£0.02 Ig (CFU/g), I3 50 d )=,
404 3.68 £0.05 Ig (CFU/g), ¥TRFFAEE SR #ER 2 FRE 4.70 Ig (CFU/G) LA T

i fEFF IR AR O d B B BESE R AR T LU B —, R BN RE YA AT 1 & (Psychrobacter),  AHXS 3 ik
98.651%; ik 25 d A ah HAHX KT 1% B @A 14 A, $515 H i 1 )& (Sphingopyxis) & iX — B Bt 1)

B B
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FEARIBEEE, XA 29.51%. 75 50 d FE & AR E R T 1% EEA 114, RERBE K
AT JE (Paenibacillus) F 7K #T 1 J& (Aquabacterium) 2%, AH X325 70 51 8.49%7F1 6.52% .

& YA T B J& (Psychrobacter) . #1151t 1 J& (Sphingopyxis) . 252 14T i J& (Paenibacillus) . % 14T 5 &
(Bacillus) fi & B J& (Pseudomonas) A1 A 5 AT T J& (Acinetobacter) ] BE & i £ 448 It 5k 24 1) Frt) = 782 Ji8 Wik
AW, AEID IR S A R .

B oW

R E K 5 AR RS TR H (W H 455 : 50902110).
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