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Abstract: In order to obtain good amine oxidase productive starters for meat product, amine oxidase productive strains were isolated from
44 samples in different areas of the smoked horse intestine. uctive amine bacteria were eliminated by double color method in monolayer
culture. The oxidase test, bacteriostasis experiment and th&' salt and nitrite test were conducted for isolated strains. The same strains
were eliminated by DGGE and the ability of oxidizing biogeniﬁ am‘it_lg was verified by HPLC. Finally, the DNA was extracted from the screened
strains, and V6-V8 segment of 16s rtDNA were sequenced after PCR amplification. The results showed that six strains productive amine oxidase
bacteria were screened out, with salt.tolerance above 6%, nitrite tolerance above 0.15 g/kg, and had good inhibitory effect to Escherichia coli,
Listeria monocytogenes, and Staphylococcus aureus, and they had strong oxidizing ability of biogenic amines. The strains were Lactobacillus

rhamnosus, Bacillus subtilis, hylococcus saprophyticus, Staphylococcus xylosus, Pediococcus pentosaceu and Lactobacillus plantarums.

This research provides a good t ical basis for the industrial production and security of fermented meat.
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m, Hgz e tER e s 7 EM, KAV S E
KT ERbR. VIR G RIEIIR. 78
WRB ARG WU AR AR s M A7 7E T2 1R
EREENRBE M, AL BRI AT T
HORELE IR AR S B B s FDA
SEM 1000 mg/kg BREEARIE, uiZ. BRIEAIRSIZ & &
TEAR R B ARl 4 RS Rk,
500t B b AR IR ) S AT R . RSB
NSRRI PRl i AR G A EE BN R, RERIS MR
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13,1 FAMIEEIEER 695 B 4k

WAL (1) 44 AT it BUSE P FE TG B 2
EFBIEL 10 g, HAETHE &M TG TNGH 90
mL KA KT E ST, $BFLIE4T 3 min
Ja, B 1 mL 25 H MRS. VRBGA Fl MSA W
T3 TR BT FURR B« i 41 TR R i 257 SRR/ Tk B TR 7
37 CEAF 9% 24 he

AN EERT TR B LmL 35950, B

A5, FE(E Svmin AT SRSCIRLE R, BB NI
CRITP= 0 o S (oIS B (IR P= ).
ML B e PG BB 78 o R 3
4B 3 R, IR T 4 OOt R RHE R 4 F -

44 M S e dh (T AT BEATT. 3.2, ALy
B A, XM AT E R, IR AR A
i

1.2 RIEE G RA

1.2.1 X7
MRS 15773k, MSA #3975, VRBGA H7+H
S ST y,
TERFRKE: HI7E MRS, MSA. VRBGA
LR I NBEERILPE S 0.05 g B fiE 18 g. A&
ANER. HER. HER BMalR. BERESe
1000 mL Z%18%/K. pH5.2, 121 ‘CfH/E K20 min.
B REL IR 0006 g, BiE20.g, 1000 mL

UK. pH52, 121°C
EHIESPSS FREBGR ); VA I (sigma)s
PCR &7 Marklll, Z5T9K, HEE, H

Rﬂ%@ﬁ'ﬁ Sigmia), &% (Sigma), TRIS (Sigma),
EDTA-2Na (Sigma), TE (Sigma), i Hil&z4% (Sigma),
AR T HERIOR BRI SR, o 25, KRR,
122 EENEFRE

K4, LDZX-40 118375 H B R 1 28750K
W AT HIRRTFEAE, DNP-9272 #Y;
BIFTAES, SW-cg-2F.100 4; ##/RUKHH; DGGE HL
KA, 2EE Bio-Rad AF]; #EREEA, GelDoc 2000
system Bio-Rad, E[H; SRR AHEIE(, Agilent
Technologies 1200 series, HAHiH; ififE, Bcilpse
XDB-C18 4.6 mmx250 mm, 5 pm; BLK H& A pse
Ky TR, W, B, BE. =M. B
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XTHT4> B HERRIK) 16S tDNA [ V6-V8 X BLikAT
PCR ¥ #7, &F51400:

U5 %N . GC-U968(5-CGCCCGGGGCGC
GCCCCGGGCGGGGCGGGGGCACGGGGGGAACG
CGAAGAACCTTAC-3').

WS YN L1401(5-CGGTGTGTACAAGAC
CC-3".

PCR JZ A 25 pL /R FR: 1 pL 54k DNA, i
SIS P% 0.5 uL, HS MIX (FRE&E) 12.5 uL,
B4tk 10.5 uL.

PCR MFEF: 95 CHIAENE 10 min, 35 MEH
(95 CAEME30s; 56 ‘CiRB-K 30s; 72 ‘CHEH 30s),
2272 ‘CHEMH 5 min. PCR P48 1.2%35 e HEEEI
VRIS, -20 ‘CUKARTRTELA#S DGGE £ .

13.7 THMEREKEK (DGGE) BIRELH
N

DGGE:X HIBiorad Dcode apparatus KA, TN
T P PO FEE 8% ( R M BN : R SO R A Bk 375D
A PR T MA0~60%, 7E0.5XTAEZEMRH, 45200 VHL
JET#I10 min, #RJ57E8S VIHIE FHLIk16 ho HEIKEEH
J&, KDGGEM FTEMBAK (0.5 uL/mL EB) HHEIR
Yett15 min. FHEEAKEE10 min/5, HERBUZ F
Guinff. AR FE B R T U2 Rl — Bk, SIPRE
5. A
13.8 #Hzu&48 (HPLC) E@iﬁ%ﬁir
i
13.8.1  FEERIIECH] B {
i 32 t P B PR 22 VRUPRERE TR0 =I5 40 il
FI500 pg/mL & )\FiAEMIG (U, BEiE. @l K
W PR AL R IR TS A
W, 37 CH: 1 mLEEIIAN0.4 mol/L
A1 mL

1382 %Eﬁfié&

&; i . MIA200 pL 2 mol/L NaOH{# %
T TIN300 Pl FINaHC O I HEAT 20k,
SRJE FEIIA2mL 10 mg/mL I FHEREZ (Dns-CD PR
T, 2 7E BRI 2040 “C MY, 45 min/5 MIA100 pL
FONH, H,OZ LR, 3% B H9Dns-CIAR. FiI LI
SEAFEIS mL, FH0.22 pmiE B 8 5 2 AFE SRR .
1.3.83  AEWIEhRE £ HI 2|

HEMPREL Bl . Bkl TG Raof&. Plig. A
. e, WASIE S50 mg, 0.4 mol/LHIE AR ER
FI50 mL, 5 BIFREN: 5+ 10425+ 50+ 100+ 200 pg/mL
IR PENITRAFRIER . B mLARHE S TR AT
FERTATAE S (¥R 1D, TR FH v RGRUAHI 52 I A=Yl

VLAY & AR, WETHIAR N NARTR, il brifE
(I
13.84 ks
Agilent C18 ## (5 um, 4.6 mmx250 mm); izl
A3 A K, FishAE B A ZHE; EN 0.9 mL/min; i3
FEE: 20 puL: FEIE: 30 °C; AR K: 254 nm.
=1 BERER
Table 1 Gradient elution program
HUBLES ) /min  AB)AE A% iRNABB/ %
0.1 35.0 65.0
5.0 25.0 75.0
20.0 0.0
24.0 0.0
25.0
O
139 @A m CBIrbAt
HU# A DNACHPER P43 25 = {6 A =) )
Fes FIl 725 55 NCBI £ 22 7 511 T X
LI T
il SPSS # At git 44, KM Origin
E WL, DL P<0.05 NERE
Zy PAP<0.01 NEFWEE.

2 HER51TR

2.1 RBEHNER

c
1 TR EE
Fig.1 The figures of screening of bacteria
7E: a~ciRAAMRS. MSA. VRBGA; ¥ &Hfatk, #E
A,
AL 2.1 (ST, PR T R
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PRI . SR E™ AR Y e AR R S Ve R AR . B ORI7 14112004 12512032  10.39+0.17
JZ557 48 h &, M LRSSk R, PRHUR S ) OR20  13.02+0.02 13.75£0.06  10.79+0.09
AR B AL IR AT OR23  1241£0.02  12.58+0.16  12.16+0.02
MR B oL, I B A YRR LR OR27 9.89+0.08 13.16£0.05  16.26+0.07

95 Pk, MIEIBRE/RE 121 ¥k, 40 22 ke F OR28  15.72+0.01 1921007  12.57+0.08
BEORI BT T — 25 OR32 122354017  142120.13 1337003
20 ENERBLE OR40  13.58+027  18.18+0.05  11.46+0.08
OR4l  1896+0.11 17574023  13.26+0.02

T3 209 5 EM T E ARG, 1SR Rt OR45  1125:0.04  10.00+0:034 |'17.321+0.04

JE T EIPATER, S LRI 6sPR, i RTRRTR/ OR48  12.33:0.02  16.78£0.09.  19.1320.57
FORHOTHR, BT e ORI BANA . A & 2RI OR49 1508001  11.06£054 / 12.00:0.08
PR R — il OR52  13.89+0.15 +0.05
23 T LA R R ORS6 167 10312001
OR60  132120.1 920, 13.47£0.03

Bl ey v DA s 80 A 1 77 5k v ol A A 1 AR K B OR61 1'0.;9?0_06 14.8240.04

B, [R5 6 or /N ESS
REFFE660 nmZ . TEILODA Ik AR, LR
BT MRS 722, RT4TER /MR R AIMS ARG

- 11.49+0.12 19.07+0.08
OP3 11.64+0.11 16.38+0.03 12.00+0.08
OP6 15.89+0.02 13.12+0.07 15.7240.02

ﬁﬁ%?‘%%i . s o OPI0 = 14444036 = 13924029  18.04=0.01
WﬁWf}ifz”Tﬁm@?Eim&j‘w‘ 2‘/’;4%‘ 6%, -/ onu4 39+024  17.78:012  10.31+0.62
FSRBIABN, 37 CHiFR48 b, e HODIH, L 0PI6n, A6.78:0.11  11.96£030  12.235+0.01
HLIL6Y6 TR FE 4 T BB E Kbk . JESN, Henry G
ChinfflKoehler ™ Bf 5 2 B NaCl & 7£3.5%~5.5% i OP25 1331%0.17 11255002  18.96+0.23

’ OP29 13.81+0.14 12.33+0.12 11.25+0.14
OP33 13.92+0.10 15.08+0.09 16.74+0.02

iR E UG HIEEN 3 0 A S EW%’@%’J%E‘JMD}%
MHRREL . WRHRREL A R O, HRIITER, 58

BRI, IR W EEROIR M A R OP34 12.940.05 13.8940.16  13.2140.04
e, H S ICET 1B AR el HAE 7 H OP41 11.49+0.07 16.74£0.19  10.79+0.12
T A TR SR . A VRGRIS R N RS R AN OP43 16.38+0.01 13214022  12.59+0.09
B N0 g/kg. 0.05 g/kge 0.1 g/kgs. 0.15 g/kgs 55255 OP45 13.12+0.09 10.79+0.17  11.64+0.13
T%)\, 37 0Ci%?§48 hi5, :\Uﬁﬁ\:ODfﬁ; iﬁEXO.lS g/kg OP49 11.96+0.10 12.59+0.05 14.514+0.11
SAETF R A K 1 SET RIS, ek OP55 12.57+0.05 11.64+0.08 10.31+0.02

g A TR OP57 10.31+0.08 15.89+0.01  13.47+0.03

OP58 12.57+0.02 14.76+0.32 14.82+0.12
OP61 13.37+0.02 13.88+0.17 19.07+0.05
OP62 11.46+0.13 17.09+0.01 12+0.09

OP65 14.44+0.02 13.96+0.16 11.4+0.15
OP66 17.3240.20 12.51+0.20 12.96+0.33
OP67 19.13+0.02 13.75+0.02 17.25+0.22

< 2 HIERIRLER
Table 2 the results of Bacteriostatic test

pa— 7 B K] /mm OP69 12+0.05 12.58+024  10.26+0.09
KoHE  2REREHHRE  FHHE OP73 12.33+0.03 13.16£0.69  11.07+0.01
OR2 17.25+0.07 12.78+027  12.82+0.08 OP75 13.54+0.10 192140.12  18.04+0.14
OR6 10.26+0.11 14.39+0.05  13.55+0.022 OP76 12.33+0.09 1421£0.09  13.29+0.21
OR7 11.07+0.23 12.59+0.01  14.64+0.09 OP77 16.74+0.13 12.16£0.04  17.321+0.12
OR9 18.04+0.14 18.04+0.12 15.43+0.03 OP81 13.21+0.22 16.26+0.07 19.13£0.02
ORIl 13.29+0.33 16.10.04  11.99+0.12 OP86  10.79£0.09  12.57+0.18 12:0.01
ORI6 1338002  13.96£029  10.730.16 OP94 12594001 13374005  14.51+0.08
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MRHE 1.3.3 0 RE0 A5 vk, I 3 B 40 1 P8 K /1N 10
mmPL ERTEERR, S ALBRBE2 IR A AT ER TR /o A
3Bk, FFEZESRIRMREET F—P k5. I8t
K2R, SR N&K2.

c
& 2 HE e E
Fig.2 The figures of bacteriostatic test

E: a~c RARAXBHE . 2h8E. 25 6HFRY.

FEA RS R AN BB i R SE7E4 Co%
TRYH hE, FETHESR, MREECR L E S, ]
RESEERJ94 CUKBICEL, BB 78 5097 R B B
o, A EREE B T AR R AR
SHMEAE A E P RCRS Brel g ik
FEMPEETE, A I IR B S
R IR AR BB L o

2.5 DGGE 4408 RHI B 1

(& 3 E#k DGGE [EliE
Fig.3 The bacterial DGGE pattern
SR DNA, Hitr GC K1) 519147 PCR
T3, WA 1.2%BIRRE R kR I s, s
DGGE ZIFREL L, ARIARERK 12 #k, K
k3, AFEE, H DNA AFE, SF—5199 15
P B AR, BHAZERR PSSR, RIEANE]

FIXUEE DNA B TIRE AR5 B R RIRREA T
B AEBR A R BB sk 1, B AR RAA
DGGE #IF#E & #itk. Ub4h, Hiroyukil 25 NWF 7%
B, BT DGGE HIRFERIRE, [F—45 g AN
DNA B, @ AR F A BT IR . (HIX0A
RIS T A K

2.6 HPLC IiF %

250 [ RY 172 [ EaliA
ZE A
i L I

200 B ) ik = Hiili

150

100

eI R 1 (ng/mL)
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[ 7 TR
: B4 otk YRRENERESIR O EDREE
ig.4 The reduction of‘ concen‘tration of biogenic amines content

of 6'bi ic amines-oxidase productive strains
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Fig.5 HPLC chromatographic profiles of biogenic amines
E: a: A AT B, b A WA 1-E 8 (TRY ).
2-% M (FHE) . 3-&f& (PUT) . 4-F B (CAD) . 540k
(HIS) . 6-B&f= (TYR) . 7-TAffe (SPD) . 8-#4f& (SPM) .
W 12 BAF BRI BN BTSN ) \ A AE Wiz Gk
FE3 5124 500 pg/mL) (ARG FRFEH, 37 CHEFR 48
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h, SAEFIATA e HAE YR D &, SR ERA 6
PREE APl & A AN RIREEE RIS, 6 ARERIN i
(k> BE A7 351555, o M3 FU /> BE F1 8505 180.2
pg/mL ; M1, M2, M3. M4, M5 X2 Z bR By
PEMAER, M6 MR IR EE, A 5.21
pg/mL; 6 BRTRN B ARG L B e A b e 71, Horp
M1 =N 238.65 pg/mL, M5 ff A 44.68 pg/mL;

Sop R ek B TE 87.7~174.19 ug/mL 2 A]; M2, M3,
M4, M5 ST EAGIRD BE 71858, M1, M6 X2
JH IR > B AT 55 s R T FH (s e e 3 (1) M3,
Ak 171,73 pg/mL, {H M1, M5 SHER A AN E 2,
1A 1.02 pg/mL, 7.33 pg/mL; 6 AR B Xk B AN %
(H A AL/ BE I AN 3 . Roig-Sagués! V& 7U i
TH, {E&MECE AR RIS RRERE, EYES &
B0 3 ZLR A LR A AT R R HE %R 1 R
TEPE. BT ARG AR R RO R ), el B
REGIAEALE, FRR RIS .

2.7 MFLE

* 3 LTEEMER
Table 3 Gradient elution program

Fadh AR E

Y5 ] o A
5 AR AR B SRR
REHEIATH
MI ) 99  KF958
(Lactobacillus rhamnosus)
AEEFATE ! )
M2 99 | KF9
(Bacillus subtilis) : /
AR B RE
M3 100 KF958286

(Staphylococcus saprophyticus)

M4 100 KF958288

M5 100 KF958291

WA
(Lactobacillus plantarum)
IS BI6HRH DNAZPCRY 5, LT,
I 25 3 ENCBIH B e o C R FP A EAT e, BAIR]
RS TF IR RGEREN . HRGKE ML
F M1tk 5 Lactobacillus rhamnosussE2k M filr, 3
BRI R 99%, 156 AT e A AT & M2 5Bacillus
subtilissRZ R R, 73 [RVEMEA99%, TER— A%
B, DRz € e AT 8 s M35 Staphylococcus
xylosusEZx ok R fils, P AR A100%, P B
€ NI % BR T & : M4 5 Staphylococcus xylosussiEZs ok £
BT, FEHFRTEN100%, PTAZ R € 9 2 2R

100 KF958290

54

< Fig6 Phylog&

M35 5jPediococcus pentosaceussiz 2ok 2 N100%, i3
M5 N A EREE & ; M6 5Lactobacillus plantarumifsE 2%
F15100%, FTLAM6Z LI B -

6 Pk 1w 73 A v B2 BE FL A C Lactobacillus
rhamnosus), FHZEAIFTE (Bacillus subtilis), &A=
%BREE (Staphylococcus saprophyticus), K 4 BRI

(Staphylococcus xylosus), [X## FEKE (Pediococcus
pentosaceus), EYIFLATE (Lactobacillus plantarum)
LI T96%,  WIZR3 AR y

Staphylococeus saprophyticus KF575157)
Staphylococcus succﬁ‘:rs( KF254629)
S ri.l'ph vlococcu xyloses(JN995579)

M

M3
Staphylococcu xylosus(KCR44240)

Bacillus subtilis(tKC178614)
ﬁ@ﬂgms subtilis(F1976613)
76, Lactobacillus caseil KF648599)
4';9(;{ L]a ctobacillus rhamnosus(KF574834)
76,lactobacillus plantarum(GQ890357)
100 —1007IM6 .
lactobacillus plantarum(KF583525)

59 M5
W‘Pm’f()cm:cus pentosaceus (KF023238;
Pediococcus pentosaceus (KF697643

100

0.005
& 6 ET 165 rDNA [FHIRY 6 HREHRI RS L B
tic tree of the 6 strains based on Partial16S
rDNA sequences

Xf 44 FhAS[E] E I A i b e A A A A R
1750 B 5k, ik A E A BRI, i EhEE TI7E 6%
B, MNP ASER R AE JITE 0.15 g/kg LA L, XK B,
ZEITRR B, b OO R T BR B = M0 R A R G R
BRI, 183 DGGE %1k H 2 Wik, Jfidid HPLC
UE R D AR T, i8I 16S tDNA ] V6-V8
X BtidEAT PCR 4 3G 5l 77, &5 R AUiAie i
6 MR AV EACEER, 7 9 SRR AT R

(Lactobacillus rhamnosus), FHHEZEAIFFE (Bacillus
subtilis ) , i A4 i % EK ( Staphylococcus
saprophyticus ) , A ¥# % % 2k B ( Staphylococcus
xylosus), [%#%F ¥k (Pediococcus pentosaceus), fH
YIF AP (Lactobacillus plantarum) . ASCiER H
SRR % BB O g rh AR SR B TR R 0%, RTAE S B
BT FAE K T B S g s E, NES
) AV A P 22 A it 1 R A I BIR AR HEE «
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