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Comparation of bacterial community diversity and functional differences in
Litopenaeus vannamei during mid- and late-storage at room temperature and
under refrigeration

GAI Xiao, SONG Ru"

(School of Food Science and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China)

ABSTRACT: Objective

Litopenaeus vannamei during mid- and late-storage at room temperature and under refrigeration. Methods

To investigate the bacterial community diversity and functional differences in
The
bacterial community structure of Litopenaeus vannamei during mid- and late-storage at room temperature and under
refrigeration (4 °C) was characterized by 16S rDNA sequencing. The Kyoto encyclopedia of genes and genomes
(KEGG) database was used to predict the functional differences of spoilage bacteria in Lifopenaeus vannamei stored
at room temperature and under refrigeration during different storage periods. Results Phylum-level analysis revealed
Firmicutes as the predominant lineage (>95.5%) in spoiled Litopenaeus vannamei. At the genus level, mid-stage room
temperature storage was characterized by the co-dominance of Family XI unclassified (32.59%), Tissierella (19.97%),
Vagococcus (8.00%) and Kurthia (6.00%). This assemblage transitioned to a Peptostreptococcus (26.60%),
Family XI unclassified (26.56%), Vagococcus (12.90%), Tissierella (5.95%) consortium at late-stage room temperature
storage. Conversely, refrigeration significantly attenuated the relative abundance of spoilage-associated Kurthia and
Peptostreptococcus, while concomitantly enriching Vagococcus (16.03%—22.86%), Peptoniphilu (9.24%—17.34%),
Family XI unclassified (<0.5%—12.04%) and Tissierella (0.06%—10.11%) at terminal storage. KEGG-based
functional prediction revealed that mid-stage bacterial communities under room-temperature storage upregulated
nutrient acquisition, energy metabolism, and nucleotide biosynthesis pathways, conferring competitive growth
advantages. Compared with room temperature storage, the abundance of certain nucleotide biosynthesis pathways was
downregulated during mid-refrigerated storage, which contributed to the suppression of spoilage bacterial growth. At the
end of storage, bacteria coped with adverse conditions by upregulating genetic material synthesis to repair
temperature-induced DNA damage, and enhancing amino acid metabolism and cell wall reinforcement pathways to
improve survival and adaptability. Conclusion The dominant spoilage bacteria in Lifopenaeus vannamei stored at
room temperature and under refrigeration partially overlap, yet their relative abundances differ significantly.
Refrigeration exerts a certain inhibitory effect on spoilage bacteria of Litopenaeus vannamei, altering the community
structure of dominant spoilage bacteria, and consequently resulting in functional differences.

KEY WORDS: Litopenaeus vannamei; storage temperature; specific spoilage organisms; microbial community

structure; functional differences
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AHIFFE LA 2 TR FA V8 9 2% A4 T B 35 1 % I A AR
JE M T4, JETF 16S tDNA M5 AR S i e S
1) 40 R AR Ak, 2k P ) 1) 43 BT (LEfSe-linear  discriminant
analysis, LEfSe-LDA)A [R5 15 & FI Rk 0 19 22 5 58, R
FH AR EE IR 5 3L R 4 B4 5 8508 7 (Kyoto encyclopedia
of genes and genomes, KEGG)#ATHIHEITF BRI M 22 72
e, BENJEEREN XM T & IR RV A T R 25 G R
PR TR0 (SR PR R0 B9 A

1 MR5ERZE

1.1 #R5ERF

P I HXTHRIG R CE AR 25 g5 g): WF 31L&
%Y, WOk %, 30 min NB R IRE,

DNA fili #2175 £ (3% E Omega Bio-Tek /A H]); AxyPrep
DNA BE IS5 2 (52 [ AXYGEN 22w
12 UHF5EEF

HZK-FA210 LT R DRE 2% 0.0001 g, HEE (R HL
FRE A PR ], ZHeraeus Multifuge X1R B 4 B0
HLAST R AL Z AT BRZS v]); DSX-280KB24 F4220 1 /17
FOK B A (LI R ); VD-650 31 b AR
B (LI RITFERB A R A); GeneAmp® 9700 %l
A ity 5% X S (polymerase chain reaction, PCRY{Y [db 514>
&AW AR (TransGen Biotech) B34 FR 2> ] T; Qubit 3.0
YOG GEEFERR IR B A H]); DYY-6C HLUKAL LT
H7A—{Y#8)7); QuantiFluor™ -ST blue 756 E = RS (GEH

Promega A\ Fl)o
1.3 W HE

1.3.1  EBAABEM T 5 P 30 A= K200 MOE MR
TR BT O A B8, A RFEERQRS °0)

BT, EIRTCE 4 df 8 d A AlfE N =R
U (NRA) FIA S (NR)FEAS; 7E 4 °C TikE 6 d il 12d
A3 A g ¥4 SHE I 38 P BT (NCO) IR I (NCI2)REA . i) [ &
AR RBIRE B 1S (me ) LBIIn A B TR K, ph e aF i
R RIS ANFE B, SRJ5 4 °C F 3500 g &L 10 min, K
EMEUITE, FF 5 DNA 21,
1.3.2 #RE@ig % DNA

NR4. NR8. NC6 il NC12 ZH#% /B4 DNA filiix
SRRV $E LS DNA,
1.3.3 PCR ¥ 3 & 16S tDNA &l & 5

ZAE T AR AT R A mlEAT, DASRIT 20 T
IR0 DNA fEF#iH, LI SISF-907R A 5| ¥ (515F,
5'-GTGCCAGCMGCCGCGG-3'; 907R, 5-CCGTCAATTCMT
TTRAGTTT-3"), %t 16S rDNA 1] V4-V5 X478 A HEEE I

¥ (polymerase chain reaction, PCR)¥"1#: 95 °C, 3 min; 27 >
FEFR(95 °C 30 s, 55 °C 30's, 72 °C 45 s); 72 °C 5 min, 4E4%
FE 10 °C B ZEF 1L ] AxyPrep DNA B [ i 5] £ 11
1 11 [\ i 3R &l 5% 2V (polymerase chain reaction, PCR)f™
Y, 5 Qubit 3.0 ZEEIHIIE PCR WK I, 2% U IR HEBE
JEHL KM PCR ¥4 i . )5, f#1F QuantiFluor™-ST
blue »¢G5E 1t RGXT PCR 1™ Wik A7 i, B WF7E
Ilumina PE250 V-5 [ 58 .
134 #AEHAS £ & F o

i QUME( & & B & ¥ & & = ot T
H. )(V1.9.0http://qiime.org/scripts/assign_taxonomy.html) Xif
FHR IR B UEAT 00T, 280 s ol Ao & 7 41 g,
TR FEAL ALK (1497 51 2 ETE 49900~73300 Z[8], J¥ 41
SR FETE 309.00~318.40 bp ZIA], KA RUFSHE 97%AH
oL 58 2 Sk 2 4F 43 25 B JC (operational taxonomic units,
OTU). % F OTU R 54 #r [Usearch(vsesion 7.0.1090
http://driveS.com/uparse/)], K a ZFANESHT(FLHE Ace.
Chaol , Shannon Fl Simpson $§#{)NR4 . NR8 . NC6 Fll NC12
P R Is B R e, SR B SRR IR T
UniFrac [ principal coordinates analysis, PCoA]4H [a] (A4S
DRI 22 0T BRG] BHRIUE K404 NR4
NR8., NC6 #l NC12 By YIEE 4. K H] LEfSe-LDA
43T NR4, NR8., NC6 il NC12 [ 583 22 51, 43 B
JECH 1 NR4 FINC6, IFECR ] NR8 Al NC12 #E47 KEGG
DiRedERE, BN TR Rk
1.4 HUREAIE

HAMREL 34, RATPHEREZEFRR0=3),
K7 2253 #r (analysis of variance, ANOVA)/>Hr4H ] 25 7
FBEVE(SPSS 19.0), P<0.05 FRZEH B,

2 FER5HH

2.1 a BN

K Ace. Chaol . Shannon Fl Simpson $&#Ck ¥4 g
2 VTR 28 35 V8 A (I s P A MR BB o ek, 25
R 1.

A2 T RS BT 0.99, R E LA
W TR, ARA P 90 AR Bk . Bk, A5 sh Al
FIWF A AT TR 2R 5 o ZREMEAERM
FehrH, Ace $8EUM Chaol $8 %% WA ¥ F 15 V¢
B, WY K . Shannon $EE(AI Simpson 8E%H
W5 2R A SE, Shannon F845H R, Simpson $5 %L
ARG, 308 R R W R T

FEI L 91, NC6 4111 Ace 45 5UR Chaol H54534) 3%
fIEF NR4 ZH(P<0.05), FAREI T AN FEEIRTER
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Table 1

TR G TREE BT EME o SHMEERE=3)

a-diversity indices of spoilage bacteria in Litopenaeus vannamei under different storage conditions (n=3)

21 51| Ace 5% Chaol $8%( Shannon F5 %% Simpson %% FH R
NR4 1800.67+6.94° 1781.67+24.55° 5.96+0.07° 0.0066+0.0005" 0.9927
NR8 1920.00+37.07° 1905.00+54.26" 6.13+0.04° 0.0046+0.0003° 0.9938
NC6 1427.00+39.61° 1424.00+58.49° 5.53+0.02° 0.0095+0.0007° 0.9957
NC12 1880.33+25.30° 1872.00+33.89% 6.01+0.03° 0.0059+0.0004° 0.9947

T 88 F A )N B2 7R AN [ R b 441 1] 25 57t 48 35 (P<0.05)
TR, NC6 4Hi% Shannon 55 ZEMLT NR4 4, T
Simpson #5E B & T NR4 2H(P<0.05), Ui T i
HEZREPERRAG, 2 1 45 TRV RN B 38 PR R I 58 1A
Y P AR K B B IR AT o AE SRR B, NC12 4181 NR8
1 Ace F§5UFI Chaol #8522 R ILHI2E X (P>0.05).
{H NC12 4119 Shannon $5% i K F NRS 41, Simpson f§
BB E ST NR8 41(P<0.05), S W IR SR w4 4 T
T 2 IR TR ZRR AR T =00 T TR 2R
22 B EHEMST

B ZREVE AT UPEAG A [R) 20 3 8] A= 0 B B 22 57
PCoA 1] UK AMREATE JE AT FIALM: . FEA L Bk AH
8, PCoA M Ly Sstbiezin®, [ 1 pREATE PC1, PC2
1 PC3 S B3 WM 35.71% ., 12.97%F1 9.95%., =540
(NR4 11 NR8) 5 ¥ MEAL(INC6 FI NC12)W B 4355, W5
TS T A PR TE B K B rAEfk, 1B 1 R e
AHS A A $ R 2 N FEA T W TR AU A —
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NR8 2 [A)F5 /- E S X, FeBHAN RN B At )
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B 2 76T K B, B35 AXTIRE =R R AR T Y
JiE W T 32 E R BE T T (Firmicutes) 804 908 8. (>95.5%),
Horp NR4 AN R 95.84%, TR NRS 20 )i —
P E 98.53%, MR NC12 4L A ARNS R A T
K% . AT | ] (Proteobacteria) i) AH X = B 7 28 TR IV 76 2 M
NR4 41 3.13%% 2= NRS 41#Y 0.73%, MILLZ T, B4l
N2 0.15% (NCO)HR T F] 0.41% (NC12), Fikgh R,
I RE 0 RSP ) X g 26 1) b 8 AT 1 PR 1 ) R A T
A A AT — 2 5
2.4 RIS ST EBAXTENE ME R FE K
FLEEER

WE 3(A) T RIERIKFE L, NR4 20 41 B 3258 i SR BE
ITF B 3 AR B XT RN Family XI) (57.33%). FBkER
(Planococcaceae) (10.73%) M1 IR L (Enterococcaceae)
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02 NR$3 o NRd
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ES
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Fig.1

PCoA of spoilage bacteria in Lifopenaeus vannamei under different storage conditions
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Fig.2 Comparison of relative abundance of spoilage bacteria of
Litopenaeus vannamei at the phylum level under different storage conditions
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Fig.3 Comparison of relative abundance of spoilage bacteria of Litopenaeus vannamei at the family and genus levels under
different storage conditions
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J& (Family XI unclassified) (32.59%). i [C 14 )& (Tissierella)
(19.97%) . 1&FERTE )& (Vagococcus) (8.00%) . JE/RAFIKTEH
J& (Kurthia) (6.00%). &K J& (Peptoniphilu) (4.62%)F17H
AL BEBR TR & (Peptostreptococcus) (3.00%) .

NC6 20 1) XIBFR A EIE T B X 32 (<0.5%) . 2%
TR NR4 (32.59%) 11 NR8 (26.56%), {HAEFEH
S I ) S2E K 21 SR ST R NC 12 9 XTRE R 4328 I8 B A AR
FERERFEF 12.04% (P<0.05), BLHIEBOR BRI 5EH
NP R S TR 2H A L AT O, e —RER A TR

NRS 1143t F& o A XS =F B R E 5.95%, TR ac e T it
IR TEAHRT = BE DA NC6 119 0.06%32 25 51 NC12 1 10.11%.
FC P& —FPg 22 [ PR DR AU, ReRE MR IR, B
1R, TR RRSEHE R MERRNITR, 51 [ MR 5e R L
BB AR A LR . LSRN 2R, 3% L9 I 40k 1T 1k B2 A o
Hil ., 2. "SRR Z B FaR g SRR ARG
JEE oF 368 F TR AR 3 B R K, IR TR VA R WA e 3 TR 2
— . B FERETE NRS. NC6 Fl NC12 41 FAENT = BE 4351 H
12.90%. 16.03%7%1 22.86% . {& 3K X s A A HA 5
SETER, AR ERM, BIFEREE A SRR M
M JECRA, T ELHA R R S ) R AR T, AR 2R K PR
BB, o 4 A U2 TR 3(B) R A R A R
W, 18R ER T AR X T BB B RS n, 3R WR X RE 36 1
Xof MO Y A 3 W A AR

JE R AR E TR — P S 22 SRR T, Je) 2 AN
IR 1 T P A5 W R 2R R B R U b,
JRPRIZE PR R S5 il A B R B R B ) 2t 4 5 1
Sk MR PEJRFEICEE, I LGS A AL 19T NRS 41
IR TG AR £l 4.33%, NC12 2HAUN 0.71%, 568
¥4 FHC A U1 322 AT 118 R X B S A T 5 I O A T 1 A+ X
JiE o T K TR B 7E NR8 4LAR NS 3 BEHE A P16 (3.80%), FIELZ
T, WRALNEMN NC6 41 9.24%4 = F] NC12 41
17.34% o 41 W8 R T 3222 0 B F NS RS A (il v )%
Yo ZME L RBOVT, HFTE AR WAE S WOK T S R E A,
HEW TT B 55 A B9 I WA T 56 I WIS SR I SR S L R
Koo THALBEERTE — MR E R, %5 AE R R S i B
MR, 7AW R IR O R AL 20", 5 NR4 41H HE,
NR8 H I EEERTE (AR B2 5 26.60%, 25T 8 F%
%Z . MEWAET, NC6 4L ABEER 1 8 1A % == 5
20.29%[% % NC12 14 10.95%, FiRZ5RRB, ¥itab i
A A 3 AR P R A T 8 A A A BR A R AR X R B, A
ST R 5 F GRS A T MU AR K

2.5 LEfSe-LDA S [ENCi# & 4 T e £ B X4 E
WEHNEEERE

NR4. NR8., NC6 I NC12 4122 S #(LDA>3.0) 4 4
FR, E T, ENDKF B, 2R BEEAEIRET .

JEBE T ] . ¥4 ¥ '] (Cyanobacteria) 1 A% 43 25 4il 1 []
(Bacteria_p_unclassified). 7EJ&/KF L, NR4 FH 11 B2
S, A RERETA T XT B2 Ja Al [T . A SR
W 11(Clostridium_sensu_stricto _11) Fl & 4y 28 % W &
(Clostridiaceae 1 g unclassified), AFJE R T HIAR D1
(Enterobacteriaceae g _unclassified)FIEEMR 7 (Morganella) . y-7%
A 43288 (Gammaproteobacteria_g_ unclassified) . ¥ HLY
T W I Kk 4 X R

O S |
(Bacteria_g_unclassified) 1 K 4 2& ¥ 4 H
(Cyanobacteria_g_norank).

NC6 4l 15 MR BEW®E 5 H L EIT]
(Actinobacteria) )25 B AT 1 (Paeniglutamicibacter) FI4
FIRFTF I (Glutamicibacter) . J5-BETE 10 AR ZEAIFF 18 H R4
2% J& (Bacillales_g_unclassified) 13l & B . 1 /T & 8
(Exiguobacterium), ICIN22 15 & (Brochothrix) . JE/RFFIK
T J& IR 43 25 BR T (Planococcaceae_g_unclassified) . A< /328
ZEAUFT 1 (Bacilli_g_unclassified) . i BRE (Enterococcus)
FLIFBE (Lactobacillus) . XAFV /R 5 IR (Gottschalkia) . %
X B (Romboutsia) . 14 1k £% BR T8 F A 43 25 T8 1k 4% BK 78
(Peptostreptococcaceae_g unclassified) 1 /& % &
(Psychrobacter), WAb, WEVRHTRIE ¥ NCo 45 HAhA
X 43 FF 2K (P<0.05) o WY AT I 8 T [A] — g £h B H T B
(Psychromonadaceae), B EZAELE T HFVE L okl
KR, TEA TS TR I SIS M A 2 — 1, 34
HEIR 22 1 Jo A0 B AR B MR BIEER 22 18 (Brochothrix
thermosphacta)'5 F B 221 (Brochothrix campestris) . #45E
IR TR DA, RIS T AR AR K s
PV VR IR SR 28 SR IET A4, B R 2 R ZE R0 7™ i S
8¢ GOESC1VE G 7 L

VAR, 721 TKF L, 25 B Em TR E] .
JEBETE] . BCBERR [ ](Tenericutes), 7EJ&/KF- I, NR8 £ 7
AT B A M 25 F(LDA>3.0), 43 U2 JEERE R ] (1 rg 4k
IR & ¥ B J& (Salimesophilobacter) . R H H & 4> K&
(Clostridiales_g_unclassified) . XI ®F K £ FF &
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Fig.5 Comparison of the functional differences of spoilage bacteria between room temperature and refrigerated
Litopenaeus vannamei at the mid-storage
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Fig.6 Comparison of the functional differences of spoilage bacteria between room temperature and refrigerated
Litopenaeus vannamei at the end of storage
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