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Macrogenomic analysis of microbial diversity in the main links of the chilled pork supply chain
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Abstract: Objective Macro-genomics technology was applied to explore the changes in microbial community structure
and diversity on the surface of chilled pork at different stages and to analyze the composition and changes of risky bacteria,
to provide a reference for the control of risky bacteria in chilled meat. Methods Macro-genomics technology was used to
perform sequencing on 30 chilled pork samples at three stages: pre-cooling, post-mortem ageing, and marketing, and to
analyze changes in microbial diversity and metabolic pathways of the flora. Results There were significant differences in
the flora structure of chilled pork at different stages. From pre-cooling to acid excretion to marketing, the relative
abundance of Rhizobium caused an increase and then a decrease in the relative abundance of Proteobacteria. The increase
in the abundance of Brochothrix caused a gradual increase in the abundance of Firmicutes. The PCoA analysis showed that
the acid-drainage pork partially overlapped with the commercially available pork, suggesting that the bacteria were
similar. The relative abundance of the dominant spoilage bacteria, Brochothrix thermosphacta, Pseudomonas fragi, and
Acinetobacter baumannii, was significantly increased in the samples from acid-expelled to commercially available meat.
Metabolic pathway analyses indicated that the abundance of genes encoding bacteria related to metabolism annotated in the acid-
expelled meat samples was the highest among the three stages of samples, the abundance of some of the proteins and enzymes
that coordinate sugar metabolism and amino acid metabolism showed an increasing trend in the three groups of samples, and

there was consistency with the trend of changes in Brochothrix and Pseudomonas. Conclusion The bacterial populations in the
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samples of aged meat were similar to those in the samples of saled meat, and the control of bacterial populations during post-

mortem ageing should be strengthened during production, while appropriate measures should be taken to control the

propagation of spoilage bacteria, to guarantee the quality and safety of meat in the process of supply chain.
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Ve B DY DR O R 1 s A RETE — E R R
A0 A P A 2R BB, DT S % DA o o A
NGRS RPN R R el W o e (ERed I

RS R W M WY B 2R IR, X LB R ) R A AR A
AT RE I A A T R R A B R BE IR R
BS

RE A% KT A 2R W, oA 240 D 3 A 2 O A 1R L R
P TSR B AE 0~4 CARRE R RIS DS DI
WESE R, 4 P IBCIR 25 55 4 5 7 2% 1 B o i
JBT Bl A A B 2 R RVBCRE AT O R R SV
PAL R A A 0 R T 8 e o T U 3 ) D TR B B
P T 917 L PA) 2R 8 TR R S ) LA R B S

e 10 R I R BE 8 A JE I 8] A E KR
ol B A% 2 Y ) L AT 4 T 3 1 g ot b R AR 0 A5
KL Tk T A G B 3R T 0 IS MR R B IS H
7k (Polymerase chain reaction-denaturing gradient gel
electrophoresis,PCR-DGGE)ﬁ%ﬁ*ﬁﬁéZ'Ki//'\ N
Bl it b Wb T JERT BEAR B Bl s o S R R
SN PP BE A8 B A (U W e SE I LAY 15 B, ELRE A8 42
PETIORS HE AP 2328 [5] I 3 B 18 i 25 A 7 R 25 T
T W A P i AR W g o AT e S i E Y
W 2 B DR 20 2 AT LIOKS U b 4 48 0% A 0 B g e ARt
1 SRR R T S B TZ R AR AR 2
FEPE BEIE S5 HL DR MO B G R AR 0O B
T 168 rRNA A1 D 4 o a5 00 P F) 2R ) 22 1
PERTSY , 45 R R WA AR W IR R ) 2 3 D 20
FREAT UL W) Z AR AT S A R

AT BT 00 ¥ T ¥ i PR S T DA TR A RO
Sz a HE T R RO R4 A K )
Ty 2 R A5 (E X & G D Bt B v Bl 2R ) S B g3
A1 1 B0 S BB A KA I TEAT AR B =, A RE ik Tk
SEBRA 7 R T A TR O AS I S e R
PRI 0 e 0f A 5t T Lt et v A Y AR B R 3
A [ B BV B 4 D RE A R A7 00, )R 3t V7 5 A [
Wy BOS PR 3 1 2R ) 22 REE 20 A TR R 4 R 2 A
T, DU O 1t — 20 i v i 14 (b 07 B 22 42 2R B
T 4 ] B2 0 DRI L A K ¥4 B PR 7 S 300 R o A
it 4 A fE 2%

1 #RE5FE
1.1 FES R4
Ve I AL 50 T B R B R R A AR N R AR

B v v SR PR AR AT SRR L R R TV S B R DY IR A
VO PEHETR 12 h J5 % PR A T B AR R A fi
A3 A B AR AT R . X T IR S AR,
5 i W 2208 J8 SE R AT SR e TS IS E AR T
HI B A, A A 7 v A% 16 B BEAT SRR A E
BT AR 00 IR A 2 T R L 2 R AT U0 R A
FERR 10 SKFEAT — YRR o X T HERR I AR, 7E il B
ZOE TR BRI AT R A RIS FETAF A 12 h LA |
0 4% PA) IR AR 0 A7 U0 B SRR, SRR B AL (] L 5 R it
PEVR JE 8 DRIE I LAY 8 Sk A A A 4 L K & g v 1)
PR 2 KA R A . X 3T 6 B B i v i I T
i W LB TG EAT SRR JC TR T AR T X 10 Bk
IS [ B 4% 4 ¥ 668 55 DY R AT DD SR AR e B 5% T
IREE 55 A AR R T 29 10 emX 10 em /N X 3k
PEAT UIEIRAE o AR R A 5 S BV T TG T B AR
o B AEAE TS 2 0~4 CRITETE RAEAE T, 2 h Wiz
PRI E AT T — A,
1.2 MRS R

il 2 2% W R V5 W (10x) 1 F b 5L Solarbio 23 ) ;
BRI b RO R R B A RS ] 5 X AR
[ 15 [ Interscience A H) ,E. Z. N. A. ®Z&{H DNA 2
B &0 3 £ B Omega A1l . TruSeq™ DNA Sample
Prep Kit 32 5 F1 Truseq SBS Kit(300 cycles) i 7| Hi
R R IRA AR AL
1.3 AUas 5

BagMixer 400 W & F Ay (3 Interscience
ATl ) , Centrifuge 5910 Ri ¥ 75 25 /0 ML (75 [ Eppendorf
YNEIDS
1.4 SEHIrik
141 FEGLETAR B

W% e HERR 5 DL R i B 3 A AN [ B Bk
FERREAR S BIARIC R H 41 . P4LM S4l. &%
PARLAPANI il BOZIARIS %" (f) F 5% J7 1 X 4% I
HEAT A BB ML B, AR AR R - AE O R
Ty E R AR N — R 25 g SN AEAR L A
225 mL IxPBS ZZ #f W, 56 73 ¥ 5T 5 min J5 8 000xg
B0 10 min, B0 85 A0S 2545 E W, ICTTTE A
F-80 CUKAHih = DNA #HL,
1.4.2 DNA $RECHIZ 2 20 007

i H] E. 2. N. A. ®F&fE DNA S0 & 30 17
B R UL M) DNA L U3 1 e JE ™ 150 B 45

T



AR AR

—1002—

CHINESE JOURNAL OF FOOD HYGIENE

2024 4E%f 36 455 9 1

P47 e AL DNA $2HUS BT 1% S5 bl e
JiE HE Pk R I B B D 41 DNA S8R M JF i
NanoDrop 2000 K Qubit £zl DNA &fi B Fi 5¢ 48 % .
Xf T RE W BE =10 ng/pL, £ 7E 8 kb L |, DNA
THEA BFRE RNA Fi5 0, BE>2 pg B RE 4
DNA 28 fy i 2 R A R 23 vl 4 22 ik A 21 S
FEAVI Y . @S 2, X RS RS A Covaris
S220 A L (Woburn, ZEFE ) B Y 1 g FEH A
DNA, I8 57 i B A BE 24 450 bp (907 SCE .
K 5 7E Tlumina NovaSeq 6000 (Illumina, FE )Y
T, B 150 bp(PE1SO)BEX . T AL 1Y
iy 5 4k BEE R a0 F : ff ] Trimmomatic (version
0. 39) 2 BR AR Bt 4k e 41 A Sk 35 B B S (1] BWA
(version 0. 7. 17) ¥ 1 U8 J5 1 5 51 LE %) 3]\ 26 A A
Z: 2 B2, T AT 80 25 B i R IR AT
1.4.3 Wb iE BT RETE R

A5 I W e T i P A0 8 Kraken?2 #4743 25 il
HR . AR N T RGER T K
T4 H B g ) BCR 5328, I 3T Bracken 53
SR EF. {;*i)gﬁ MegaHit(version 1. 1. 1-2—g02102el)
AR — 2 contig B e o A . il
METAProdigal (v2. 6. 3) {4 T il 20 25 20 () JF il 1) 1352
HE , ] CD-HIT 5268 J5 A= i i A 19 TF 755 ) 332 4E Sy
— R LA . i BWA-MEM (version 0. 7. 17)
W B AR A 1 5 BT A 4 5 i R Y PR A L XL O
DL T 7 5 A (TPMD) 153 3 PR A =R B2 3% (L X I
JE=50 bp, JF 9 — B0 >95%) , 3 4 £ A4S FEAS i1 3 A
K2 E 7 7 81 B 22 AR E AT B IE o kofam
(version 1.2. 0)7E KEGG U4z & 6 2R 2 10 445 11y ik
WA, LU A B R I REE R . Wil
AEERHTIE o ZHAIETENS, B Z ML T Bray-
Curtis J7 %5
L. 4 Hiiteaort

& F Microsoft Excel T H i 47 3 A ¥ 95 5t 1 Al
AbER . fd ] SPSS 26. 0 B X Kl BEAT 5N 3R 5 22
Jr BT (ANOVA), P<0.05 B2 FA G IH¥ R, ff
A R 4.2.2(https: //www. r-project. org) 715 H 5 1k
FH . M Origin 24 AR P B R & fi
FH 1 26 W ¥k (http: //www. cloud. biomicroclass. com/
CloudPlatform/home) % il PCoA & . ¥ F =F FE AT
P& R B B

2 BHR

2.1 REEDIALIN R A5 R G 2 R 2 B
PR Ja HERR 5 A A 3 A4S B Be gk 30 43 A A

(9 J5L s P 9 22 0k 25 4 Sk RO BT U DL e 2 B S e 4

Ak Ak 3RS, A ROBCIE R R 99%, Q20 H i T
95%, Q30 ¥ = T 87%, % Wi it A A v 35 4 8 2o
87% Y Bk 2 ofE i 2 1k B Q30, & T Illumina B 7 f#
UE (Y 80% , i WY A< Yk I P 45 U B A B 1y ] &
PR 1D,

R VB AR A 22 IR LI K

Table 1  Metagenome sequencing data of chilled pork samples

FEA Raw reads Clean reads 020/% Q30/% GC/%

HE
%/ %

H1 54417028
H2 53748596
H3 49678582
H4 30541530
H5 46009622
H6 52093326
H7 88197878
H8 55950478
H9 39116168
H10 43934452
P1 59627066
P2 57352882
P3 54999818
P4 65675948
P5 60761718
P6 40642236
P7 40848046
P8 40683386
P9 58179136
P10 51090396
S1 57351348
S2 95380494
S3 82004810
S4 92222036
S5 75765412
S6 68203842
S7 53817318
S8 54058968

53973832 99 98.52 9536 43.93
53365800 99 98.6 95.61 4298
49302950 99 98.55 9545 43.39
30294716 99 98.54 9542  43.79
45663036 99 98.47  95.19  43.04
51503886 99 97.78 9245 4241
87476536 99 98.25  94.05 42.69
55599160 99 98.84  96.36  43.81
38842814 99 98.61  95.63  43.59
43636268 99 98.66  95.78  43.15
58988514 99 97.7 92.19 4295
56742860 99 97.84 927 42.31
54452548 99 97.53  91.64 42.18
65022862 99 98.02  93.22  43.24
60335536 99 98.52  95.36  44.41
40339896 99 98.6 95.62  43.82
40543092 99 98.49  95.24  44.02
40430956 99 98.58  95.51 44.06
57574682 99 97.99  93.04 4237
50481214 99 97.7 92.13  42.09
56770278 99 97.98 93.08 42.14
94519166 99 98.36  94.44 4248
81284126 99 98.14  93.7 42.94
91508370 99 98.24  94.00 42091
75030246 99 98.07 93.46 42.12
67552810 99 98.08  93.49 4259
53194362 99 95.99 87.57 4239
53538882 99 98.03 9333  41.93
S9 69123658 68442438 99 98.06 93.41  42.06
S10 69948210 69329734 99 98.03  93.24  41.69
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Table 2 Diversity indexes of samples

FEAS Y Fh K Chao 1$5%k Shannon #§%{  Simpson 3§ P
H 1 884+315" 2219+261" 6.40+0.28" 0.96+0.01"
P 2491+144* 2 803+124" 6.42+0.69" 0.94+0.07*
S 2 263+299" 2 644+221" 6.02+0.69" 0.92+0.06"

U < [R5 4 5 BRI 5% 25 R R 53 (P>0.05)

wmrE 1A s L3 AR A Al R s
25 4,8 HoPLS 3 4HRE A 41 s
60. 89% .30. 60% Fl1 51.52% ., P 41kEA AT 41 13 %K



Ve B PRt L 6 IR b AR ) 2 R R S I L M —— 5 A —1003—

w2  ULIHE R 2S5 M £ 5 . PCoA T4 R R
(FE 1B),H Al S ZHFEAS [a] X 48] 43 55 , B 40 , 8 B X

A B
H

148

1 2L 18] 40 1 AR 9 A7 AR R 22 5 5 T P AL REAS A S 4
FEA (6] 77 7 8 B, 3 W] AL R A7 7 B 0 A A

reun
wom

025¢

o

=

S
T

PCoA2 19%

-0.25t

-0.50

-0.75¢

-0.3 0.0 03 0.6
PCoA1l 25%

TEH PSS/ HRER HAL (R )5 ) P ALCHERR IS ) S 41 (Tl ) FEA
Bl R B B A fh 55 R8P CA) R B 2 A 23 (B)

Figure 1  Venn plots (A) and analysis of bacterial principal coordinates (B) for three different groups
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genus level (B) and species level (C)
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Figure 4 Analysis of the top 20 metabolic pathways for three groups

P, 5HESERACHHA O E H (N AR iz R s
75 il 45 11 HisQ  HisM, H %0 iR 24 5 50 % s BT )
GevA, D-EHA MR 12 R G EE A E 1 MetQ) FIARAL,
A % it 2 1 D (A B - 2 W T DX R IHL, ) A
X EE R BT GEW] S 2 A T A 2 R 1R R
I WER) D RER T A Pt s o X S A rhis
B B (R 22 TR AN Sl T A PR ) 2 1 o Al
R Rkt gt o A (B 5B) , 45 5 3R R P I TR
R PG = F 0 B IR W fig 4 1, n D-2E
BIRFIZ REIRY A B E A MetQ, H 2R 2 R 5¢
B SO R GevA A5, JF HLIX 9 Fb A0 b R
TR S Bk gl 2R S K Y R R R
Hh— 2k

3 iFit

TEAWE 58 vh AN [6] By Be v 5 54 1A 3% T A0 32 1 %
ANHRTE] o A A0 5% 1 4 1 2 R oh, TS IR A TR Y
e 34 T 0 18 A AR BT L B Wk T 5 A ) T R T R R
8 2 W 00N T A PR TR AR 22 TR O B AT TR S

240 A G S B R o X 20 B BT Y AR A A
[ B B AR 112K - 40 T R ok = 38 8 A 1) 2 2 i
o PCoA 70 Mr & 2 B, Wv% Jim iy DA A T
SERYATAE WL 04 DX 03 100 PR 2 R 5 HE R S 1A R T
SERIAFAEAR I o 255 s I P 45 R R W1 35 )
R A S R B e ) A T SR R R T A
8 I AT 1B PP B R R 22 TR AR SRR S B A
Xt 2 BT W, OF AR T B RS RO E AR

A A R A R A T ) AR R B0 Al TR
{1475 e — LI Bl Lk P 0 I D, DR e PR o A 22 4
FEI T . AR A AR S IR pH I 2 A
FAPIE T MUEMIRETE o DU W REVE B9 2 Al AT
RE T 1A 44 P il 5T 19 722 A, B T XS 4 1A 0% 2R 300 7™ A
M1 S AT S 3R AR 2 T R {1 RN T PR B A
] it 9 S P R B T OGRERAE T AR R
22 TR ik R BV B DA S W A D B Ve TR 2 — |, L
IR VR B P AR B SR S R A LA S W
W ABIR L A A A NN T B 1 I
il i KUR AL, 22 BOHE B0 F i 25 S B0R B 1 R R



Ve BERE PR (It R 6 2 IR b AR ) 2 R R S A O M —— £ T S

—1007—

IR fecl prhl
[ oppA mppA
D bglA

queF
1 ade
tdh
EETEweTy B0 hisQ
H P S

270 I P BB % (WA AR R SR B R D
REARI ™ A2 M e (R 26 LB AL &5 W 2, R T 5 B
27 L it B A IR B RO Ik TR A
A A B 5 A AR R N BE T, 7RI A% R RE S R
BT, T AL O A SR O a0 o A A o R
Jiig 107 VB P AR A A R, 5 1R A DY AR
JE o ARV SR AR I B A PR R AR S dx s A
B PR AE R R 3t T AR AT R At R B R A B AR A
HE o KA KM, Wi R xY

PAOR R 22 B R SR T TE B S AR BV Y R
u&@ﬁﬁ—ﬁﬁt 12 h B9 HERR Y 2 BAT AR
T T A5 P HR A B A, 3 WD O S A R ) A R B
ST R A TE AR BE VS RIS R R T o AR A
FRBIE S A B, V& B e v AN TR P o i ) R T
T AR R R ST R R B R B
PR TR R R Z R SRR R A
BRI, T i 5 3 i P A B, S ST T A T
Ji VR 22 TR T R W T 3k 26 45 R S AR
BRI 19 = 5 78 Ak B I A S DDA DG I . AR B
IR B ARV SRS AL BE S A R, N AR VS B i
B B4 X B i R BA R 3R 2 R AN I v OB RN
DA o P 100 4

PATE B F 58 22 W], e A3 A A = MR ARl
Ve B 1A ST UDAR OC R AR A2, JLA S B A iy
MR, Un S TR AN 53 T TR, 23 o0 £ T FE Y SR R AR
R R 5 o SR TR it 7™ 71242, 5 8 DUROAR O 1 22 7 AR
P R AR TR R R A A K AL AR E K
T A% 2 e 7= 21 114 U B W e D 5% EE e o FH A A
OHT R AR AT L AR B O 4 2R 3 Y A R AR

putative transposase I 4
TC.FEV.OM 3
. transposase 2

1 =-—ta S |
insB 0

- E metQ
ABC-2.A
gCVA

hisM
hisQ

ABC.PAS

fecR
I I . prhl
| ABCFEVP
Er= vanA
N bglA
OppA, mppA
tagT U V
flgJ
- licT, bglG

PTS system

. bglX

mcp
Acinetobacter Brochothrix Pseudomonas

Bl5 = AUREAC(A) L BN Sl AT B 3R 22 1 AV S 7 (B 11 5 Rl 23 2 A

Figure 5 Heatmap for the classification of proteins and enzymes of three groups (A) and Acinetobacter, Brochothrix and Pseudomonas (B)
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