547 % 4 4 i Tl B Vol. 47 No. 4
2026 4F 2 H Science and Technology of Food Industry Feb. 2026

S, I, RURER, SF. R NTE 4 C VRO RUE Y 2 R EAE A BE ST (9], B Tk BHE, 2026, 47(4): 215-225. doi:
10.13386/j.issn1002-0306.2025010194

MA Huimin, YANG Jianyuan, YU Chengwei, et al. Evolution of Microbial Diversity in Grass Carp Meat during 4 °C Refrigeration[J].
Science and Technology of Food Industry, 2026, 47(4): 215-225. (in Chinese with English abstract). doi: 10.13386/j.issn1002-
0306.2025010194

- EYTIE -

A RITE 4 C By
ZEHEA ST

SEg', BEIE, K5, AR HHE, 2 '], EERK
(1IEIFERFASGHZFIHRERER O ITH AL E L PO, T/ E S 330022;
2LEHIFTER FAEEF R, L8 E S 330022;
3L FRG TS AR F S, ILH LT 332000)

H

IA

W EARRESAABRIAL P E AR E MM A0 TAE, ERYETFNFERENHR L (DO,
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B (Acinetobacter) AR %A B (Psychrobacter) , w44 T AKMI (D15) B EMEHE. R4
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MR EZF TN (P<0.05) o Kruskal-Wallis # o230 547 & B, A#AM £ R 2F (P<0.05) #H B L&A
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Abstract: To elucidate the microbial compositional shifts and spoilage-related microorganism succession in grass carp
(Ctenopharyngodon idella) meat during refrigeration, amplicon sequencing technology was employed to analyze microbial
profiles at fresh (DO, D3), transitional (D6, D9), and spoiled (D15) stages. Results indicated a significant correlation
between microbial community succession in grass carp meat and refrigeration duration, with microbial diversity initially
increasing and then decreasing over storage time. Notably, the transitional phase (D6) emerged as the pivotal factor driving
substantial divergence in microbial composition. At the phylum level, Actinobacteria (69%) and Proteobacteria (20%)
dominated during the initial 3 day refrigeration. A marked structural shift occurred by day 6, with Proteobacteria (51.77%)
and Firmicutes (11.76%) becoming predominant. By day 9, Proteobacteria exhibited a substantial increase, ultimately
exceeding 98% relative abundance at the spoiled stage (D15), establishing itself as the primary phylum driving spoilage.
Genus-level analysis revealed dynamic compositional changes: The dominant genera transitioned from Kocuria (fresh
stage, D0~D3) to Pseudomonas, Achromobacter, Acinetobacter, and Psychrobacter (transitional stage, D6~D9), with
Pseudomonas ultimately prevailing in the spoiled phase (D15). Principal coordinates analysis (PCoA) indicated high
structural similarity among fresh-stage samples (D0, D3), whereas later stages (D6~D15) exhibited significant divergence
(P<0.05), displaying dispersed clustering in ordination space. Kruskal-Wallis rank-sum test analysis identified 10 genera
with statistically significant (P<0.05) abundance variations during refrigeration: FEnhydrobacter, Macrococcus,
Brevibacterium, Kocuria, Corynebacterium, Dermacoccus, Psychrobacter, Pseudomonas, Achromobacter, and
Brochothrix. The ecological network analysis elucidated the microbial community succession from environmental bacteria
to psychrophilic bacteria and ultimately to spoilage bacteria, while identifying stage-specific indicator microorganisms
(Enhydrobacter (D0), Macrococcus (D3), and Psychrobacter (D9)). Furthermore, it demonstrated the topological evolution
of microbial networks through successive phases of symbiosis (D0, D3), competition (D6), and spoilage dominance (D15).
These findings on microbial diversity and structural evolution provide critical insights for monitoring quality assurance and
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developing targeted preservation strategies in refrigerated grass carp products.
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1.2 EWHE

1.2.1 FEaiiles  SEHGHFRE 24 h BB AR Tos R i
1E, ¥EH IO A IS TR LRI H L, {3 H H kK
YR TE S A SR IENMO 40T 5 A, B S . fERIE
KT HAR T JE , ¥ U AAE 2920 5.0 cmx
2.0 cmx3.0 cm(FEH 30+£5.0 g) iy fadl, I HE T
BEEIIR LIFEEN (1 BYAS), AR AR T 4 °C
IS T o ARTEBMIF I BARTHA T, BAaTE 4 °C ¥
P 6~15 d BT & i A A= i 281k (P<0.05)1'7, 9 d
J& BE o 20 A% AN 34 & L L S ( Total volatile basic
nitrogen, TVB-N)ZZ4L B ™11, HES 15 d BF TVB-N
{E(30.66 mg/100 g) it iR/K AR E(E (20 mg/
100 g)!'s1, BEBAR 7, AT S A S . A, &=
IAFFTUERH, B4l 4 °C B2 9 d B BB 75 R 8503
It s Ee i RR (7 1g CFU/g) 71320 [RIHAIFSE 3k
PEAEV TR 0. 3. 6.9, 15 d FHFTHURE . FTBURE S
53964 DO, D3, D6, D9 Fll D15, LI T /L2945
BTk o8 o B b 1 A5 D R 24 7 2 B Ui BE AR T
10 CHIZEME N BT, 58 il 25 AR S B LARA T
F—80 C IR T,

1.2.2 DNA ##&F1 PCR 34  F]JFH DNA fili i
F) G IR HUMAE YRS 5 DNA, $0E 5 R A g ik
FIE UL, IR MR vk S HI 20 DNA [fH
e, W kg 54, 2% Barcode JF31 1)
375 14 338F(5°-ACTCCTACGGGAGGCAGCAG-
3 LUK FiES 4 806R(5°-GGACTACHVGGGTWT
CTAAT-3") %} 16S rRNA Z£ [ V3-V4 7] 28 [X 52 it
PCR ¥4, H PCRZ WA ZR HARRAL ' h: SxTrans-
Start FastPfu 2% 14 pL, 2.5 mmol/L dNTPs 2 uL,
E¥ES1IH (5 pmol/L) 0.8 pL, F#H%5147 (5 umol/L)
0.8 uL, TransStart FastPfu DNA & 0.4 pL, B
DNA 10 ng, INZEME/K BT 20 pl. PRy ik
REUNR: 95 °C WiASE 3 min, MG AT 27 MMEH (4
MEHRELFE 95 °C A5 305,55 C Bk 305,72 C
FEfH 30 s), PEIAEE T 72 °C o 4B 10 min, T
4 °C AR, B REARIRE 3 NEE S,

1.2.3 SCZEMEEF ALY PCR P78 7= 4 >k 1
2% BB HEE S FL UK A AN AT, 3632 FH DNA B
g W 24 A T alifh . BEYIF IS, ik
JIT AR 7 )8 o W 0 5 G i R G ARSI 5 e i
Sy PR, gifb S5 09774, i Jl NEXTFLEX Rapid
DNA-Seq Kit #4947 3C)EM #E, I Illumina Nextseq
2000 75 FF REAE SR BT TAE. eI 1155
ZHG IS AR 2R AT BR A T 58 Ao

1.2.4 FFHSHT I TS EE T i Se AN F Y
HEMFE R =BT RSP 1§ B FLASH %K
{7k, M P5 overlap OC F 4 B A0 RE A< )3 T 3K 14 PE
reads INPAPFHZEE S, FRAG 2R TIME LY, 2

FASTP A4t 1740 e I Jot i b il 5 ok &80, A
Vsearch FA/FXT 97% HIARLE E b F T ESr 25
JG (Operational taxonomic units, OTU) F&J&5-#r, 31
SN ix A A 91, PEMT AL OTU AR ITER51,
TFIag: OUT ZAEMEFEBOEAE AT, X5 T 16S 4
BT 45 8, 35 ] Silva B8 E HE4T U %) DT Bt 145
YE, DABH# AR S84 i 5080,
1.3 HIEAIE

A RESEAT 3 UM, 455 DA S8 v
22N o BUIE 25 H M4 MR FH SPSS 17.0 B4 1%
Duncan £ FLVL, P<0.05 FonZER D #E .
2 BR55H
2.1 E&RLEEIEREY OTU 717
2.1.1 MPEEAREIE AT XL T AR T i &
10 PRI R A T Ji B DR ZH 5>, AR CH 4R DNA T 51
J&, iz FASTP 5 FLASH #4500t i b 3045 A AR
FRALFE, PEANE ER2 S T3 1. R 1 alan, &4iik
J& A TPREAS A RO PR A 4157513, Bl BEZOE
11 611248403, IR 419.49 bp, HIFAHIHLE
TE43AT T 400~440 bp X [HIFEFEIN . #RAESFIEHIT
(operational taxonomic units, OTU), ¥ R Gt & H= 24
TR BAL A E R EATI, S B T3 i e—4y
FKHOTOMTE R P & ) NN E S —
R, FEIRAE W) 2R S T Y, Sl H AR 97% 11
AL BE#E1 T OTU K47, IKE 54~ OTU AN
— AR, 28, 15 DMREARG IR EREE
Ja R4S 10559 OTU, a5 22 111, 43 40 .
129 4~ H | 256 R K 545 4~ )@ . Hib, DO B3
M) OTU F 2N 312 F, AV 9K 15 d Ja KL
ZE 44 Fl, 330 3 B gk Ak BE T 5 S KR A ) R
(P<0.05) . FFBIRTERIE 9~15 d N, OTU fHE B

F 1 MFEERSTAR

Table 1 Statistical results of sequence data
FEARSR S HRUTAIE MR THKIE(Lp) OTURER
Do_1 8.52x10*  3.53x10° 413.98 370
Do_2 7.04x10°  2.92x10° 414.05 330
DO_3 6.98x10*  2.86x10° 415.60 237
D31 6.47x10*  2.68x10° 414.14 200
D32 6.87x10*  2.85x10° 414.51 232
D33 7.38x10*  3.06x10° 414.61 440
D6_1 6.94x10*  2.95x10° 424.67 201
D6_2 7.07x10*  3.97x10° 420.10 252
D6 3 6.39x10*  2.69x10° 420.92 151
D9_1 6.37x10*  2.72x10° 427.35 194
D9 2 727x10*  3.09%x10° 429.10 281
D9 3 6.57x10*  2.81x10° 427.24 104
DI5_1 746x10*  320x10° 429.10 43
D152 6.60x10*  2.83x10° 429.04 2
DI15_3 6.46x10*  2.77x10° 429.10 46
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AT 5r 2%, SR FH B /NREAS T 9 B0 A: s OTU -3
(B R IATEAE 5 HT, I wil 10 3 = -5 2% B (Rank-
Abundance fIZ) ANE 1 s, BB Fh =L 5
B 5 E, ihAemiil L O S i Fh =25 5,
£k T8, FoRPPh2d ilial == 5 5 £ TR I e
Fhig sy pe, th2etR-F-22, Rl 43 A6 R 54, B

Bl 1 AT, wifa DO, D3 1 R 58 B AL TR RAH, 1M1
TE D15 [ T8 B 45 vk 28 /)N, Ui BH 540 A2V S 0T 1A
TR S AR &, 22 BV SRS Bl s T
B AHELTYRIEATIA, D6, D9 il D15 Tt i i £
TEASTE BN, 156 BH Y8 e A 0 T i T E P Fh
SIS . JEHUETE D15, fhZPus BESR TR, 1t
B P = 6 BE R B A, B e AN, UhBHIZ B
FEAS 1) Z PRSI, DA o5 H ity Lo il s o

FRGEIRERH, Bt PRV [H) A M T s B RS
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Fig.1 Abundance distribution curves of grass carp meat during
refrigeration

2.1.3 Venn &l X Pan/Core #4381 o E W2 B
FEAHT OTU WA MAFA FRIEE B 528 b33,
MHEARFEAR T A FEIEAEE T 090G P, RIEASF2
KRBT FF R OTU 2434 T Venn [EF1 Pan/Core [,
A 2A R, DO 2. D3 4H. D6 3. D9 41, D15 ¢H
FEASH R OTU 05351k 593, 535, 353, 351, 63 Fh,
T OTU 535~ 250, 174, 66, 143, 5 Ff, TigH

t S 30 B AL 19 OTU, DU 42H ¥ i AR o b e Ay
OTU ¥k 8 Fl, HH DO~D3. D3~D6. D6~D9 ., D9~
D15 HAH OTU 53314 303, 221, 150, 56 Fl1, i
ARt 28V A S, HEF R R ST AP B H0s
/b, H B VR A RE AR T Sy i 28 (P<0.05) o 3X
5K 2B, I 2C H U OTU. 4 OTU AyZE1B A%
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Fig.2 Venn (A), Pan (B), and Core (C) of grass fish species
during refrigeration process

— 55, BIFEAS RV R B R 19 OTU BB S REAR
BAIEAA DG, 2548 OTU S5 REAS I s ARG, If H
OTU B R A4 +F DO 4H>D3 4H>D6 #H>D9 ZH>D15
., Hoh, Bl DO 5 D3 MM -G 5, Ui
HH V& R A1 B0 X ) b = w8 R S e AH S /N5 T D6
D9 F4 R LR B S X 591 T fiT 28, 100 I ¥4 i H ) A1 TR )
YR s b AR AER T L S (D6~D15) 148
AR 2 B /N4 seiA Y], 156 B Af A FE R peiad A v
PITRAE IREE AR AR ARAR TR, (H 2R T s A8 b AR
NS RSN IR B, VAR B PY AR R RS
IS, TAAE YRR A AR A T =2 B AR /)N .
454 OTU A4 SIS 86 25 2 1T AN 5T, 1%
7 S BRI BRIy ok 3 BB, RET &£ (Do, D3) .
o P (D6, D) FE WM (D15) , #4528 1k i 2%
(P<0.05)., FfEEH (DO, D3) M OTU X HIAs AL i
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FNERAAH: B REA—ZK, 3 EHA (D6 . D9) i1 OTU %X
AL RR BT 4R BH ARk, JEIOH (D15) 1) OTU %4
B/ I H AR EE S, AR R 58 4 i1 7 191,
22 E&HRLEHIEMEIEE Alpha ZHMIEH
T

Alpha ZAEPERY T EEHE bR X HE VR Z FE P M =
A AHHIE], R A Shannon., Simpson, Ace. Chaol
Fe Coverage FEECTAAE A BV Y AR HE AN =R
B JZ . Shannon, Simpson 8% = B RN W REE
AL, Ace F1 Chaol F8 500 R £ TG EREE 1Y
£ & &, Coverage 18 EIRZPF N BEHE Z A5
Fefiz—Po, N3k 2 o, Br A FEASI 5 BT 3 i
Coverage 1§ ¥ /T 0.999, 3K BH A 5 7 35 R i,
MF 3RS T R AE R, " T IE8 3.
Shannon #§#{F1 Simpson #8 % 3% B, B 1 [ 7E o 78
W (D6) Tk A= MBI 22V v T HA v s Bt 1, I
TEE AN (D15) W EFEAR . X PP Al ReJ2 i T ik
P P IR R AR, R R R
FH, RIS N T B 0 2P, SR, [ ¥ JR AT
()3 — A, PR3P R 240 37 5 SR ST, AT
R AE AR SRR, T R ER AR T I E
Ve E A W Z REVERRAIRPT Y, Ace F1 Chaol 48
BT (DO) Fhak BIIEAE, U (D15 KESE
FfIG, ULHH Y 23RN P TP B BRI e AN T2 e
B, YL 3 d NARAE AL TS N, BRI AR B R
BRI TR, DRI = B e e Bl VR R TRl 1Y
HEA, A B BRI . B BT AN AR T A5 5 SR B T
FE, FEBWT D i JEHIET Shannon i Ace.
Chaol $8%mA BT, XIS AT GEAAL T IeEe b
N SIS SRR I TE 53, A h e Ta] i P T
AT R/ AE, DT = A 5 (Ace/Chaol )
MZFEPE(Shannon) Pl iR IR, ¥ JHA TR A
i R TR A ) 2 AR P RN = i o VR SRR B T ) S 20
W R, WA R R E, IR S E SR SR
BRI | e EA L,

2 WG RE R A B Alpha ZAEHEAE RO
Table 2  Alpha diversity index analysis of grass carp meat
during refrigeration

N Shannon  Simpson " Coverage
P o . Acef8H Chaol$5 %% .
" m i ! ) biEd

DO 2.13£0.01* 0.27+0.01° 332.43+41.76" 332.24+43.89° 0.9993°
D3 2.05£0.16° 0.28+0.02° 303.54+80.42" 305.86+79.68" 0.9995®
D6 2.17+0.11* 0.19+0.02° 215.62+£30.48" 212.04+29.53* 0.9996"
D9 1.75+0.43% 0.35+0.15° 229.73+61.57* 222.33+60.23* 0.9992°
D15 0.58+0.04° 0.75+0.02° 50.21+0.48°  49.17+2.17°  0.9999°

T AR AR A AN 58 R 22 53 .35 (P<0.05) .

23 BUREEMSHh

2.3.1 RN AT B AR AT A AR S
BRI PR SR = s BE AT 53T, FT A ROTAN
BRI PSR B 00-& BRI L S A g R = DT, fh

B 3 AT, PERE P RS B, S P A R A T
0~1000 X [f]A}, Shannon F54 5 B Pk b e
FEMF IR F] 1000 Z 5, #1130, i)y T
TR 25, WP B s i 5 B, B 2 08 E
i A/ D BT, TR AS TRV S 0 s e
RS U A FEAS NI 53 25 B B AR, H.
TR L ST 3 AN [E] VA T B B Bt P s e e 22
FEMERIIR A BT =K o

2.8,
2.61
2.4
220
20"
18
% 164 ~D0 D9
5 141 D3 -DI5
g 1.21 D6
<= 1.0
% (8]
0.6
0.41
0.2
Q NN A OO R RN RN
F TSNS STSSS
Q N N AN N N NI AUR N AN )
RENE O N N
I 54

3 R AR H AR Y Shannon F5 5106 RE R 22 ]
Fig.3 Shannon exponential dilution curve of grass carp meat
during refrigeration

2.3.2 FHRIPESTET  Adonis(Analysis of Similarities)
ST — I T B AR M AV AR S B 2 A T T
Jrik, At BRI F g [R] 22 57, LA AR
SIAR PGS, H RN FH T A AR R A B P 4%
22553554722 Adonis ST 4 IRFEIH (A 4), REE
SIS ] ) £ AL A E BRI AP AE 35 25 57 (R=0.719, P=
0.001), gHA] 22 R m R FLH N 2257, (A28 57 2R IR
Tt P S AR E] 2 R P, BAARRE R, DO,
D3 7 y fill BN B BT, UalH 4] P 22 5245
JINELEH A 25 TR 18355 DS BOAR AR E F/)S, Bai 2
PIARLLPE B g s 1 D6, D9 MR AR 4f WA i 4355 H.
O Fe e, U HH 32220 2H 1R 25 5 0T eI TR T3k v
(D6, D9) 5Hr &L (DO, D3) FFE M (D15) iy %
bho IR SHTREH, FEEHA I AR S | R A YRR 1Y)
AR, YRR 6 d S ESUBT KPR k3 B A, AR 25 5
P LT, B IRShEE AR 2= 1 SR R 2R

1101
100
90+
80+
704
60
501 =
40
301
20 ==
10 oo
==

0, —
-10

HEkEH DO D3 D6 D9 DIS

Faxar e
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