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Isolation and identification of Acinetobacter in Tibetan mutton and the bio-
film formation characteristics

SHI Yun-jiao'*, LIU Fang', SUN Zhi-lan', WU Hai-hong', ZHANG Xin-xiao', ZHU Yong-zhi',
BIAN Huan', ZHU Yun-long

(L. Institute of Agricultural Products Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.College of Tourism and Cuisine,
Yangzhou University, Yangzhou 225127 ,China)

Abstract: In this study, forty food spoilage strains were isolated and identified from the Tibetan mutton, and ten
strains were Acinetobacter sp. Quantitative detection results by crystal violet staining showed that ten strains of Acinetobacter
had neutral or strong adhesion ability. The biofilm formation characteristics of Acinetobacter A3 with the best biofilm forming

ability were analyzed. It was found that the bacterial count in biofilm was the highest when biofilm was cultured for three

days, and there was no significant change in the number of

Wrs BH3:2018-04-17
EEWE JLAA A AR5 4H EIH (BK20151367) 5 TLHF A 4K
AP RHE B FQHTR AT E [ CX(17)3015] ; 7L90 4 5 A

bacteria on the 5th to 7th day after culture. The results of

scanning electron microscopy, confocal laser scanning mi-

Sl (A ) T (BE2017392) croscopy and extracellular polysaccharide determination
EZB N LW (1994-) 2, W50 A BT 5 16 8 R 5 1 concentration showed that bacteria propagated rapidly from
TPA, (E-mail)970539089@ qq.com one to three days in the process of biofilm formation. When

BWAEE XI5, (E-mail) fangliu82@ 163.com the biofilm was cultured for three to five days, the bacteria
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aggregated into groups, and the insoluble polysaccharide content was highest. The extracellular substances were decreased

and the biofilm became dissociated when it was cultured for seven days. During the processing of Tibetan mutton, the secre-

tion of extracellular substances should be paid more attention for biofilm inhibition research, and disinfection measures

should be implemented before the biofilms matured in order to kill the spoilage bacteria.
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A5 LN XF 5 PR O TR b A Sl R TR Y T e
DLFEAT 3 BT, I % AR Wy B iURe M R A7 5
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Tibetan mutton; Acinetobacter; biofilm; extracellular polysaccharide

1 ARSIk

1.1 #R5iRF

AR T B IUIE (PCA) MIRE AR KR E W7
(TSB) ¥557 0 [ Jb 5t B A= 422w, LIVE/DEAD
BacLight ™7 &5 Nunc™ Lab-Tek™ 8 L 2 T 3%
ARG APEER R B A F] L 24 FLFT 96 FLAH
M35 FEAR NG [ 35 e 7 A A A0 R R 2 R O
G T RARAEACFH A BRA W, PCR 51446 1L LA
K DNA J7 500 5 i A ) TR AR iR 45 A FR 2
FISEA, Tag DNA RAWHAT R4 TR (KE)A
FRAF] HAR A 2t
1.2 U FEH5E&

PE( Ultra View VOX) %% #5300 I 5 A2 il
(BA4 B R BN B AR 7)) EVO-LS10 F14 H 1 4%
Be (LR A7) , Epoch LR /G ( 3£
TARBAER ) |
1.3 REHE
1.3.1 AR F R RE 5 3] 3448 B8 M w9 &
B ARSI TAEAG T 2017 4E 10 A RifEH B
TR PR A PR TR AT 28 R IEA T8 B TR 401 7
YHPETS G LR A MR YE GB/T4289.17-2003 £ i
AW A A S (PR PR R 5 ) 43 S D
PURTHG FTBE 5 M 5 R 4 SIRALIURE | AR AN
[F] R THI v B B I 25 ¢ TN, BY S T 225 ml AR BRER
K AR 30 min J& |, BURIRBEAT 16 B 0 BE, R
JEUAT PCA 553535 37 CCHE3% 24 h, SR BARE A
EAREE R B EE ",

1.3.2  ## 16S tRNA 531 373 A Rl R4 ¥
R AEA IS RN 5 ml TSB WA R 1
AR ZEXHCE RS, B0 WO A, R 40 58
DNA $2 a0 & o il 2 B s sh 40 B () 5L K 4 DNA
STHEIUE) DNA #E4T 16S rRNA 5514 PCR ¥4, 5
Y5 51h 16S F(5'-AGAGTTTGATCCTGGCTCAG-3") Fl
168 R(5'-CTACGGCTACCTTGTTACGA-3") ", PCR 7
W12 1% BRI P ARSI f 6 25 AR T AR
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ARAG PR FIE, 3545 16S rRNA R 515 E, ¥
A 16S rRNA FHHE3E GenBank #£17 Blast
PRI R IR R LEW .

133 Z@MEEREEEZZHMNRHHA G LB
s Ae A IR 2wl XA K R B BRI A
A TSB WA SR AL (4541 200 ) BFRUE 96 FLIK
W LB (RFLEE T 2 100) , IR FEH A9 TSB
Jpas FARHIR 3 IR E A T 37 CH AR i E R R
K25 LR F AR A 5 630 nm &b i) ' % J {H
0D, , 3% £ LA B Bs 75 531 DL 0. 01 mol/L TG 1A
PBS PRI LRI (FEE 3~4 ) )5 96 FLICE T
60 CHLFE T4 15 min, B 200 wl 1945 28 1 K
WAL, Yot 20 min J5 H PBS LREFLAE L
(HEEHAT 4~5 %) HH 96 LA E F = ENXT 30
min , FEAL PRI 200 pl 95% .1, [5) st A it 4
¥ 30 min, 5 R BRSO E 0D, A WG A
(0OD,) . =W 45 BT 1 RE 1 iy FI WA il . B =
(0D,-0D,.)/(0D,-0D,.), X 0D . 0D, h=s
X BRI O, B<O. 1 A KB B ; B=0. 1 MKk
B IS5 0. 1<B< 1.0 Ay 45 ik BE AL BF B B> 1.0
RS SAR

1.3.4 AHBARZME BRI ES
Wt 1% 3R TICH TSB W IR 2SN 24 FLAH Y
BeFetioh B 1 ml WA, BT 37 CHrE R ,24 h
e FJRRIRIE PAIE 1 d.3 d.5 d.7 d BUREIE
WAL, ¥ 23R L BRIFH 0. 01 mol/L I JCTH
PBS PEEAEPIE 2 U, PEFE A 1 ml PBS, KT
J AR A IRRN B FLBE 2 FL S 19 B, e i 25 AL
W A—EINA S 9 ml PBS AR Tp ) 0 iE 2
min {57, B EERRRE , PEMGE 06 B 1) 100 pl WAKTE
TSB [EARF-H Fe 142,37 C 1535 24 h J5 X & ot
i

1.3.5 2R S EIE AW BE N B ARG HILIK S
BERT R R TR B 0 1% 3R TR R PR 2
JE A Nune 8 LIS Z M, B5FL 400 wl Bk ,37 C
BB R 924 h ISR 7E 12 h 24 h 48 h,
72 h AFARERE S, REAALBRIE] ik 1.3.2 AR
PRSI e E T, RBRE R bRk, i FH 3
TS TR R He AR o0 B IRIT 2.5% % 1 L4
CHUE 12 h, 3Tk B THRRRE W P & E 4
SR E W X i B 4, A B A R T T
FhEBEILEE )RR USRS EON S 00047

1.3.6 BAERESHRENMURAYBROREET
o FRTE 1.3.5 kR THOCIE R £
W E Y, EYEZ 0.01 mol/L
PBS £ )5 8 Jl LIVE/DEAD BacLight Z, % 7
SISO IR TR A B 1 ml PBS A 2
P ekl % 3wl IRA21E A 8 FLIE E M, &1L
400 wl, BEOEYL M 30 min' ' et s 22 BR YL BT
FH PBS VR bR 22 2 REEEN, MA 2.5% 1% — 8 %
WG B A2 30 min, 2 BRSO R
TR A BRI |, 7E 23 R 3% i
LIVE/DEAD BacLight i 7] & * ) BacLight™
Mounting Oil, Il 55 3 K, =20 C #C - FH T
CLSM Wigzl'ol | Wi ggmf SYTO-9 ¥ % i & . & 4t
B> M 485 nm F1 498 nm , PI (i & P K A
RSB 58 535 nm A1 637 nm, FEH 60 175 i
Brib A uLgg e
1.3.7 AHBEARS SEAETNE BT 13,
4 I EBEFR AL, AL 0. 01 mol/L PBS ¥
W5, A1 ml 0. 01 mol/L PBS ¥ fsfL i {4 K 4L
BEFLJECRS B A% 48 B W T RS0 48 T, 4 C 6 000
r/min 0 30 min, WA FVEW, FHWEE R 0. 85% 1Y
FACENEE I (T 0. 22% K ) FEDLE, 80 C/KIFM
30 min,-ﬁ?}b\ 4 °C 12 000 r/min5.C> 30 min J5 UK
B LWEW . AR T 25T 4 R T i 22 I
AT TR0 SR PR - R 1 o 2Tk s, B
100 mg #APHHEZR T 100 ml 25858 T, FHH 10 ml
TC 7l P 85 25 B 9 ¥ 25 22 100 ml, i 100 g/ ml
F14) 460 20 R RV, S 980 2 W s M T TR A BEOAS [) L
BT, HAKRNSZE 1 ml JFIA 0.5 ml 9%
AR IR 2RI 5 ml HBR IR , k3% 1R &) e
16 100 C/KIE N 15 min, 350 % 28 8 5 00 5 HoAE
490 nm Kb AW G HS 95 &5 SR A 8 25 ik R -
JCEEMIbRAEIN SR . ER R ORI D S A
() A R AT IR 22 W | 4 VB O A5 B AR VA R )
WA 220, 22 P e IR bR o il 2 0 e
B R A T
1.4 Zitsth

B EE 3 K, P47 2 K, R SPSS 17.0
AT RO 0T . I 5 45 SR LS R b o 22 3
7R, REEIE R ANOVA HE4T LSD 22 5340 Hr (P<
0.05 NZEREE) .
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21 WFEARBUEHNTBMERE

M PCA [ER B 57 58 I kLt 40 Bk AR AE 5T
W% WG BERRTE DU P AR A5 19 16S tRNA J¥ 31 4 NCBI
Blast 73#H7 ) A HE R GEHELRT , 5 A& 1 Fos B
S3ES B 40 B T 4 B B AP alcE 8 K, A
1 AT A1, A2 A3 A4 A5 A6.A7. A8 A9 A10 5
Acinetobacter sp.(ANENFFHJE ) 4% KL FRT;C1,C2,
C3.C4.C5.C6.C6 5 Enterobacter cloacae (115 ¥
W) EZ KR IT; M1 M2 M3 M4 M5 5 Macrococcus
caseolyticus (VAR ERH ) B R RIT;E1 E2 (E3,
E4 E5 E6.E7 E8 5 Enterococcus faecalis (3% I BR
W) R KRR L1 L2 L3 14 5 Lactococcus garvie-
ae(FEIRFLERIE ) EL L RIT;Q1,Q2,Q3 5 Aero-
monas sp. (MR ) EZ% K RIT; Rl 5 Rothia
sp. (P IRHJE) 52 % KRBl 5 Bacillus sp. ( %71
FrwE ) 2% KRR ; P15 Staphylococcus epidermi-
dis( B H IR ) F% KR, K1 5 Kocuria sp.
(FBFRHIR) FE LRI, R 1 HIZ 40 PRIE M
(R IR | R AN TR) 43 B L 1Y) 98 TR 5 A A 3
R T5 G
22 EBEXRHMTEEMRRREN D

B3 BRI 10 MR RIAF B 2300 5 57 48 h 194
YIRS, D5 25 A S Qe (T 2L A )5 OD gy, , AR 408 5 1%
1334 WY 1 RE 1 FI T 10 R AS Bl 17 9 1ig 15 g
J1, 550K 2 R, A1 A6 A7 A8 A9 A10 Hrh
ZERGRE IR A2 (A3 A4 AS Sy sEcRs BRE R, 156 BH 1
PR Ll et e, HB BRSO ey, R ST I
A3 19 BAE (1. 868) ficiy , 5 HAB R bk HA 135 1 22
HI(P<0.05) , PRI Wi A S FF B A3 BRI AE ) i
5
2.3 AEFE A3 £YERNEBT LS

ANEIFFIR A3 7E 7 d PNTE J0 A= 0 B 40 e 4
HAE 3 R, OB AEEAE 1 d.3d.5d.7d
IR A2 A 7. 48 1g2.,9.04 122, 8.76 152, 8.92
12, 76565 3 d BB AU LT3R Bl i K MH, 784 T ok 85
FEBFIE] PN, 41 PR SO W3 AR (P>0.05) .
2.4 AEHAFE A3 EWERMENR

YT A ) I IE AN R IR AR R B L 42
B L HAERT A o6 TA Y B HRaE ™ Hg
IR A W R AR T8 1 B A ) A 53 S AR A IR B £

P T 3R 56 5 A 1 B ), R 30 G 1k X A W AU &5
F AT W52, 3 S 4F 15 B F 3ot R A B R
(CLSM) "0 AT LLAE X Az W 55 235 4 R 3 1t 3R 1Y
SRAF T L 5% L 25 R R MR R B R () Y AR A R AR
CLSM £ i F = 257 | 3 855 Bl 4 45 7 1 1)
gy R E hiE Ak CLSM 54 B i B
(SEM) $ AR MEE A 1077 1, WF 58 A [R) 85 32 1) | F
YL S AR,

R 1 REEMRE A B B

Table 1 Composition of spoilage bacteria in different parts of Ti-

betan mutton

NG A "
HOSHCF: P el
AR ABHFFH (Acinetobacter sp.) A1 A2

B4 54T #i ( Enterobacter cloacae)C1.C2
PR IR ( Macrococeus caseolyticus) M1 M2 M3
FMBR T ( Enterococeus faecalis) E1 E2
& IRFLER T ( Lactococeus garvieae) L1
S MU (Aeromonas sp.) Q1
% B ( Rothia sp.) R1
AR ANSIFFE A3 A4
BIVE BT C3.C4
IR E3 B4
& [CFLER A L2 L3
S Q2,03
ZEAUFFER ( Bacillus sp.) Bl
JE R ANFNFFIE A5 A6 AT
B8 B T # C5
VI RERTA M4
ZEMERR ES
6 IRFLERTE L4
22 B BRTA ( Staphylococcus epidermidis) P1
JEHR BT A8 A9 A10
5 A FTF I Co
VB KBRTE MS
FWAERTH E6 . E7.E8

2% i [GHH ( Kocuria sp.) K1
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gy E3 E4 ES5 Ep6 E7
El ES8
Enterococcus faecalis (LT745973) \.\/ L2 4
Bacillus sp. (MF139361) L3
Bl
M3 L1
M2 Lactococcus garvieae (LC274603)
Macrococcus caseolyticus (MG744632) o g K1
M5ed Kocuria sp. (HM579796)
M4/ R1
M1 Rothia sp. (KR055017)
Staphylococcus epidermidis (KU922174)
P1 A4
Q3 Al
Aeromonas hydrophila (KC202273) \ A9
AS
Q1
Aeromonas media (KX238883) ' Acinetobacter sp.(GQ497289)
Q2 Al10
C5 A2
C4 x A3
C3
C2 A6
Cl ce é)z,eég
b, Ze.

Al A2 A3 A4 A5 .A6.A7 A8 A9 A10.C1.C2.C3.C4.C5.C6.C6 M1 M2 M3 M4 M5 .E1.E2 E3 E4 ES E6,E7 E8 L1.L2 L3.14.0Q1,

Q2.Q3.R1,B1.P1.KI W% 1,

El1 ETF 16S rRNA EFEMEH 40 HREMEHH L LT
Fig.1 The phylogenetic tree of 40 spoilage bacteria based on 16S rRNA
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A BT HISE Y (05 45 1 B A RS M RUEAE J1, A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 WL 1, & A a HZSFXIIR, b
A=A 5 E = 5 ARETFE AL A2;c TRt =FL 55 =LA AT A A3 A4 d PET=FL 55 =L 50 R 3NFF I AS (A6;e HHET
=L GE =AU AREIFTE AT A8 T =L 5 5 = AL B ARSIFF I A9 (A10,

2 BEXRHTEEYERKEEN

Fig.2 The biofilm formation ability of Acinetobacter sp.
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YA, 8 L A A UL S AN S AT TR A ) IR AE B 5

1d.3d.5d.7dHRROREER, 45 Rk 3, 1555 1 d,
At LR TR B FLASURSS , b BsF v JC 4 1 SR 42
WL R, (HEA DA WML (& 4A) s B5 5%
3d,WIRLIZZEHEMIEARESE R, AN RE
RELIE AL, K FE AP I ML (] 4B) ;K55
5 d, EWEEREES 3 d R FEE NEE R =4Er
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Fig.3 Number of bacteria in Acinefobacter A3 biofilms cultured

at different time
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T8 A LA A 0 PN 2 %) 40 B 200 L 3 A IR 8 A
IR AR E > i 2R [RIEG FRA ) RS, 35
TR, BN & A 2 ROk, AR
POCHE SYTO-9 K BUEPINE (PL) 42 ii— Fe el ,
SYTO-9 55 PI /AR YLkt UL 55 , A 32 451 4t i 52 2R
RO, ARSI AR ke ok, 757
d HEEFR R NN B TR AR DR 28 5 A AR i Y
RS RO R A BT T R =GR,
FiFR 1 d Ja T R A BORG F TH fobh R i 2 W B
BT AR ARIE 2R, LA A A 3% 1 EL BB 5
{E A P RER T LIR 3 2 | JEEFE RO (] 5A) s 355% 3
d JE KRR R AT LU R, BN, #
T TR GH R, AR PR 2 B A0 R, N CLSM
H L AT s AR (52 40TA) (1 5B) ;3557 5 d 3%
fidb LR T O 2 P A PRI 55 (H e T8 BT 455 3 d
TEUG 30 2 B S 2455 ) TR JEE B8 15 (B 20 v (6,5 D 3
2 M IS L B0 B 2 TR (18] 50) ;
BiA% 7 d, AR v RN T P S AR 2 LN S B
RS, HIEAE R 9% 5 d D/, LR 4T B udot
W2 YR GSE T 8 (K 5D) .

it SEM CLSM B ARFHSE &, 256 W 7 IR 4R 15
A5 BT LU SEM AN BB W22 31 4k A A1 5L J5 v
AN Y ) SEM 5 CLSM 45 B ARXS B, 35 5%
3 d B, T B, HOAN MR AR AR A N 4R

ARl /L | SRR () 235 ot/ | B3 T 2 6 L HR R
oA R S d A HIRA B, LU OIS £ B R
7 d e, MR R B s FeTE IR s B, HLAT
WG 2 UL AR A sE T
2.5 FEhHFE A3 Bsh i RN E

R A8 2R 93 - 1 12 % JL 470 356 I v 2 0 = E AT
W, 8B 55 B3 R 7K ik 22 00 0T T 7K A i e B s b
B R A O A g X R O B AR b TR
WA 20 B O i A R R R O A
FEXT B BTG, PR, AN ) 3 b o D e 5 2 %
B 27 VR HE AR X AS i) e S F ] 2 A A v
VS TR AT I R A5 B T 3 5 S T I A R O b
Jo f Vi JE G ZR 1) A o 0 2R 4 0 Sk Y= 0.009 21x+
0.008 40(R*=10.99) , Y= 0.034 60x+0.011 30 (R*=
0.99), AAIAEMEZHE ARSI 1 4.3 d.5
d.7 d B4 518 7.59 pweg/ml, 22,67 pg/ml, 20. 29
pe/ml 15.93 peg/ml, {5 3 d.5 d.7 d S5H;F# A
A1 d BB B TR A (P<0.05) (B 6) 5 3
55 3 d e, BIER 7 d ISR [ T M
AT EE SRS B, B PR 3 d SRR R IR
T (P<0.05),3 d J5 K8 &A1 (P>
0.05) ,53:1d.3d.5d.7d 55K 27.75 pg/ml,
43.48 pg/ml. 40.99 pg/ml 40.28 wg/ml, M4L£
BEAE A B A 4300 4 Jo ) =6 B2 B4, 1T DR 3 22 4 I
SR e B R A U DR o B AR AR

ANEIFFR A3 AP AT G B R, 7 1 d B
CL 280 ULAT WS 1) 1 B, FE Rl P B S OB L SR 4
B ER S AT | A TR BB At ML 1A =2 ) i R
()« PR = HESr AR R, OBREPE BT, MIsh 2R
YI(EPS) i A= I+ & 19 90% LA I, ik A=
H BG4, B A A 2 A P B R A EE )
R ARG A AR B 5T A AS Bh T TR 22 0 o R T
JE T RTS PR 22 o 1 TR o TN T A M 2R R v
JE |, TAEXNZ0Ha 255 28 FEXT LR S TR 2Bk 18 = £
WEBE T 5 v AN 0 2B RS oK s 22 UL
A BT R T AN A 1 22 5 00 A 4
BRI J2 TT (R B A A B TR B 6 2R B IRAE T
BG R ke FE EEAE L5y 28 R B R Ak
DNA, i &b Z2 5 2 B 1 280 26 4 R A T 20 1
4300 TR, SR G v X A 2 B AR I R
7~ EPS 284k (HAL A EPS 143 45 ¥ A5 1k 18 75 1 B
18 B2 A ml by B 0 SRR AE |
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Fig.4 Scanning electron microscopy images of Acinetobacter A3 biofilms at different culture time
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Fig.5 Three-dimensional images of Acinetobacter A3 biofilms obtained by confocal laser scanning microscopy

50
5
2 3
2w
& b

0

ITE] (d)
N2 iR 2
6 AHHEAIEMBENTARATRESEREREN
T
Fig.6 The changes of polysaccharide contents in Acinetobacter

A3 biofilms
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£ f 4 AT A 28 SR AR T B R A L VA R, 8 Ik 22 T 3
WrAHE  SERR M LR I B SR S B )R B
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W5 K LML A 243 3 A AE T 45 R B TP
BRI ARSI TS B A UM A1 22 4 1) 5 A8 1A
HAETE U B /N %, MELUTE USRS S8 1 AR
H%Bw o Sutherland ** W52 1R A T AL W S5 44 4 TR,
HBAFAERE A U Z 0 R W, R R TP 1 22
FE M AE I, Hz AR PR S5 A0 s 43 5 R AN g
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