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Abstract: In this study, 32 dominant bacterial strains producingamino acid decarboxy lase were isolated from 44 samples of Xinjiang
smoked horsemeat sausage, collected from four districts in Xinjiang where producing smoked horsemeat sausage. The ability of the isolates to
producebiogenic amines was determined and dominant biogenic amine-producing strains were distiguished by a chromogenic reaction in
double-layered media. Subsequently, -polymerase’ chain reaction/denaturing gradient gel electrophoresis (PCR-DGGE) was used to reject
repetitive strains and 32 biogenic. amine-producing strains were identified viahomology comparison. Finally, high-performance liquid
chromatography (HPLC) was used to examine bacterial broth to confirm the production of biogenic amine. The strains thus obtained had strong
ability to produce putrescine, tryptamine, histamine,and pheny lethy lamine. Strain number 4 (Serratia odorifera) showed the highest average
production of total biogenic amines (985.14 pg/mL) and the highest production of histamine (7259.64 pg/mL). Strain number 17 (Enterobacter
cloacae) showed the second-highest production of total biogenic amines (737.78 pg/mL) and the highest production of tryptamine (4507.81
pg/mL). Strain number 11 (Klebsiella sp.) showed the highest production of putrescine (2550.54 pg/mL), whereas Strain number 8
(Staphylococcus xylosus) showed the highest production of phenylethylamine (3831.50 ug/mL).
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PCR-DGGE iaf): 4H Bk [51 2 DNA $& B FI&
KHd; PCR Mix TV, #E%; Tris, Biotopped;
Na,EDTA 2H.0O, Sigma; & 7H Wilik, Biotopped:
A B OOUA Il i, Sigmas ISR REL, Sigmas
TEMED, SYBR Green I, #¥3&44%); TE, Sigma.
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2.2 PCR-DGGE |4 & & B #

221 @A % DNA 693

BY 4B BT 5 mL, 10000 r/min &0 1 min, &
Weid b3, SRJ51% DNA $ERGA G D Bk T4 5
[RIZH (2 . $RHL 40 1 5 DNA ¥ 100 uL [ TE
GErP. 1.2%35 EHEEERR VKA 5, -20 “CUKAE R
R
2.2.2 PCR R

1 #5198 U968-GC: 5-CGC CCG GGG
CGC GCC CCG GGC GGG GCG GGG GCA CGG
GGG GAACGC GAAGAACCT TAC-3’; N3N
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1T PCRY 1.
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10.5 uL.
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AC-3’; NiF5I¥A L1401: 5-CGG TGT GTA CAA
GAC CC-3°, FHbFERE[A] 2.2.2, JRikte LK.
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TEVRAE 40 °C R AT HARE R BE 45 min JEMA 100 uL
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AR HER. RAEAR. PER. dE9R. BHER)
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Table 1 Gradient elution program

SEJEET 18] /min R4 A% A48 Bl%

0.0 35.0 65.0
5.0 250 75.0
20.0 0.0 100.0
24.0 0.0 100.0
25.0 35.0 65.0
30.0 35.0 65.0

234 HIELAHET L
B EdE A Excel #5750 e, FH SPSS #HT
T7 53T -

3 HERESH

31 HAEMRBW Lo EWHLE

TEM R E CAMERED BT KL R 70
Regpdt b, 180X = IS Y P RE R AT 2
=, SREIMEKRE: B EkE (RERE) 111 bk,
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3.2 PCR-DGGE %

1 FBED I R AR R EEEARAY PCR-DGGE [El1E
Fig.1 DGGEfingerprintingof PCR products of the amino

acid decarboxylase productive strains in Xinjiang smoked
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horsemeat sausage
E: BR324 HA1-324K %,
X 432 FREHR TR ECA DNA A, SR)E 045
3R 2 BT 16SrDNA L - A BL B R BE A B

Table 2 Amino acid decarboxylase productive strains identified by means of 16SrDNAsequencing fragments

FEA[F) 16SIDNA 1 V6-V8 [X F Btk 4T PCR 4, L
THESIYI N U968-GC J L1401, TRfle Bk HR A 5 4%
W, UEHIRIG I, Bb PCR P4l LAk 47 25 1Y
DGGE 5. Zit DGGE 4 fifii sl b, L
2 BRWH, AR —, SEREE, ALE AR, R E
TR & AHIE AR k. W& 1 Fios.
FERMF AR R4 5 NCBI(http// www.ncbi.nim.
nih.gov) £ FErb (1) CUR 7 FIEA TR L G, 4331
SERIFHIEER T, WK 2 ivre
P EERTE R 32 PR BRI SR M MAGE 5 iR

LR B, GEITAIR, ERRMGEEE U 44 T i
T it = SR R PRI PO AT HL2Z (DR SRER 2R G
T, BEANUAGE, BRI IBFTE 16

B BT 1 PR, 4 R 5Bk A FLER T 10 Hk. 4

K2 Fiose

NO. Closest relatives A M ax ident/% Accession no.
1 Enterobacter cloacae A& AT B 99 KC887965
2 Staphylococcus epidermidis & K #1 & AR A 99 K C887966
3 Serratia sp. bE R 100 KC887967
4 Serratia odorifera Ak EHRE 99 KC887968
5 Bacillus cereus WA RATE 99 KC887969
6 Staphylococcus epidermidis” & K # # & 100 KC887970
7 Citrobacter freundii 9 KAVRBLAT 99 KC887971
8 Staphylococcus xylosus ARAE# & HKE 100 KC887972
9 Bacillus cereus WA AT 99 KC887973
10 Serratia odorifera LR EFRE 99 KC887974
11 Klebsiella sp. FEFEMBKHA 100 KC887975
12 Serratia marcescens MR ERE 100 KC887976
13 Enterobacter cloacae A BATE 99 KC887977
14 Enterobacter sp. MATHE 99 KC887978
15 Pantoea sp. A2 99 KC887979
16 Pseudomonas sp. B IE 100 KC887980
17 Enterobacter cloacae A AT 99 KC887981
18 Rahnella sp. BEKHE 100 KC887982
19 Enterobacteriaceae bacterium MATHE 99 KC887983

20 Citrobacter sp. AFAEBRATH 100 KC887984

21 Pantoea agglomerans AR ZE 99 KC887985

22 Bacillus subtilis A IF AT 99 KC887986

23 Enterococcus faecium V¥ E2 8] 99 KC887987

24 Staphylococcus xylosus R FH KA 100 KC887988

25 Pediococcus pentosaceus RAE R HHE 99 K(C887989

TR
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#ELER
26 Enterococcus durans E RN 99 KC887990
27 Enterococcus faecium R A 99 KC887991
28 Weissella viridescens MK 99 KC887992
29 Lactobacillus sakei FHEIATE 99 KC887993
30 Bacillus sp. FIMH 99 KC887994
31 Citrobacter sp. A AR BRATE 99 KC887995
32 Staphylococcus sp. HNEHRA 100 KC887996

| Enterohwcrer cloacae KORXTRGS
13 Enterohader cleacar KCRRTI77
1 Cirrobocter freundir KCS8197|
17 Enterahscier clomce KCRRTIR]
21 Pantoes agpiomerams KCASTRE
20 Citrodweley sp. KCS3 T84

14 Fevcrohecrer sp. KCKE™NTE

§3% 31 Clrabucres sp KCASTS
12 Sermara marcescens KUB87976
4 Serrstis odovifer KURBTUAK
99 10 Serrata adonfers KCI8T974
w— LS Panines sp. KCRETYT4
i1 Klcbsicils sp. RCR$7673
7 |B Rahnefla sp. KCBS7982
b 3 Serratia sp. KC3%7967 .
Y 19 Enrerobactoriaceae bacterium KC3ST983
16 Pscadomanss sn KCSETIOR)
94U % S'J.-[J.rkuuu,\ aylosus KCRR7972
Stapirydococcus vviasus KCHR TS

D
oo 24 S 1948
"!.!"l 6 Staphyiociocus epydefmids KCKRT90
{ | S

100

12 Sraphviococcus sp KUESTHG
2 Staphyiovoccus epadermidis KCBR7966
TR S Bacillux cereus KCERTI60

22 Baviflus subfihis KCER986
30 Baviltus ap, KCSR7994
9 Baciflus cerens KCRRT9TI
28 Wessseiln vingescens KCER7992
25 Pediococcus pentosaceus KCRE989

29 Lactobacilius sakei KUEST991
26 Emterovaccus dirsms K CXA79%90
—t T 4+ Enterococcus fecium RCRRTURT

0.02 2T Esterococcils fecium KCERT99]

2 RBREWOHERZERFEERER

Fig.2 Phylogenetic tree analysis of genetic relationships between strains
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Fig.3 Standard curve of eight biogenic amines ) || l
Y BRI O 0.5. 1.0, 2.5, 5.0, 10. 20 pg/mL C | 3 :
> ! 4 — VR YA Y, — mn 1
BERE, AT ASHIAE T AR AL FR) A VA R P2 b 4 ﬂm w |
U, WIS HORRHEN 2T LA, 8RRy Mo
e T AR 5 FLARR AR B2 70 ol 52 RBF R PE DG 2R, AR R e ; iy

. R . ) o 5.1 0.0 150 00 250 300
¥R T0.99. L %7 AT HERR I HH A AR IR Y

T, [ 4 “48% HPLC [Ei%
332 o #HHR

MEATT LLE Y, 8FBASTE25 min A 15EIH %0
B, WA HESI R B, e B 7 eT DU
JERTIER

Fig.4 HPLC chromatographic profiles of the dns-cl
chloride-derivativesof a biogenic amine standard solution (a)
and biogenic amines in sample (b)

E: 1-&8 (TRY) , 22Tk (FHE) , 3-/&k (PUT) ,
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4-FP Rz (CAD) , 5#4ufe (HIS) , 6-84f (TYR) , 7-LHhk (SPD) , 8-# (SPM) .
#= 3 Bl ERRRImEMA T EMRNEE (pg/m)

Table 3 The contentof biogenicamines from amino acid decarboxylase productive strains in Xinjiang smoked horsemeat sausage

&M Row P R 20 I Bk Bk A R 2
1 268.35 149.26 43.46 86.56 1986.03 146.93 26.75 77.92  348.16%°P666.19
2 100.45 - - 12.71 71.72 4853 58.65 64.12 44, 52°°AB436 73
3 199.03 26.51 42.64 77.45 220.24 84.01 88.22 11269  106.35°AB469.38
4 184.49 103.3 22.81 23.13 7259.64 84.32 9493 10849  985.14%425358
5 198.69 14523  756.92  307.21 73.79 49.58 50.99 67.09«  206.19°AB+239 87
6 109.5 33.7 0.18 19.3 14.11 20.52 26.84 37.84 32.75%AB433.15
7 - 83.74  1361.28 1226.86 1031.73 12132 839.44 ~ 57.00  590.17%%AB4581.37
8 262.2 38315  422.27 72.63 195.05 28.77 83.87 4822 | 618.06%°AB41305.21
9 179.16 119.77 4.63 465.13 1186.62 35.14 40.12 24.6 256.90°AB4404.68
10 124.11 11.85 2358.09  1132.73 201.15 - 92 4419  49551a"B4840.56
1 70.7 1327.75 255054  100.73 60.04 93.25 61.96 2262  535.95%°°AB4975 93
12 78.28 209.45 154921  699.22 168.12 25.04 65.61 23.89  352.35%¢AB4531 78
13 137.7 200.36 497.35 70.29 31.72 48.08 32.17 44.1 132.72"AB+158 92
14 420.22 168.59  1248.07  180.88 178.97 108.19 17842 2854  313.99*°°AB439335
15 118.21 1575.4  1898.97 8.94 2256 19.93 10.89 20.92  459.48%°AB4794 .13
16 748.11 218.21 112673  76.97 70.98 93.84 60.52 528  306.02°"AB+406.00
17 4507.81 391.37  664.17 66.14 66.03 106.11 5477 4585  737.78"P+1539.26
18 1488.9 1104.96  1619.47  97.86 53.64 22456  138.41 38248  638.79°°°AB4557.31
19 1250.55 27257 145135  67.93 233 192 73.15 19.23  418.76%°°AB4584.25
20 114.95 57.78  1611.08 = 890.52 843.21 27.89 90.85  48.07  460.54%°°AB4589 27
21 542.44 125.57 5.15 16.38 - 992.36 19.65 16.59  214.77°A54363.86
22 5.28 32.81 - 0.94 10.4 48.21 24.67 77.24 24.94°°AB497 08
23 1538.71 65.31 - 0.96 - 1269.39 10.9 10.71  362.00%°°AB4647 54
24 361.45 45.67 - 4,68 5.87 11.49 10.36 17.83 57.17°AB+123.75
25 - 7.24 - 1.12 . 12.97 10.39 12.79 5.56°45.93
26 1846.12 97.17 1.68 12.52 16.36 13.65 10.75 12.23  251.31"AP1645.12
27 29.4 70.77 3.94 4.89 9.98 15.21 - 14.1 18.54°B422 97
28 284.15 241.3 19.59 15.76 18.75 22.73 15.66 12.85 78.85"AB4114.11
29 2160.54 - - 9.86 - - 37.51 - 275.99%°AB4761 53
30 13.01 - - 3.45 - 9.94 - 12.06 4.81°845.86
31 - = - 6.13 24.56 - - 12.09 5.35°48.93
32 94.07 - - 17.9 16.77 - 10.3 21.08 20.02°48131.16
Py 544.89°AB 1334 9130¢ABC g1 86~ 180.56°°ABC 433.17%PABC 123 56%BC  72.46°C  48.45°C
927,64 74316  #801.81 #332.69 +1320.36 407244 #4611 367.16
E: BIPIEAERIEDNE FETR AT E25F 2 (P<0.05) 48R AT £ F A 25 (P>0.05) ; KEFHETRRATERF2F (P<001),
AR & T £ 71 2% P>001),

T R V20 0 T B R PRV A D PR 288
MR, W9 3 Fw, M LLr T L, AR
T CPIMED Bl = 0K I 4 S Hibk (U
VbE IR, Serratia odorifera) 985.14 pg/mL, 17 51 bk

(FHY&R##TH , Enterobacter cloacae) 737.78 pg/mL,

90

18 Stk (FiBIKH, Rahnellasp.) 638.79 pg/mL.
O LER AT I, BRRE NG AR CPIAMED) B
() BT = AL A i B 601.86 pg/mL, {4 fi% 544.89
pg/mL, 2% 433.17 pg/mL. HA 17 Stk (BE

[ =

B, Enterobacter cloacae) afi&? iy 4507.81
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ug/mL, 8 SEIMk CKHEHIZBRE, Staphylococcus
xylosus) 7 Z.f% & Sificim 383150 ug/mL, 11 SH Pk

(S EEIH S, Klebsiella sp.) J& s & = 2550.54
pg/mL, 7 S@EHk I IRME R, Citrobacter
freundii) SR & & 1226.86 pg/mL, 4 SHk (X
kb E FC T, Serratia odorifera J4H i & B w5 7259.64
ng/mL, 23 5@k (RIZEREE, Enterococcusfaecium)
Wik iz 5 B e 1269.39 pg/mlL, 7 Sk IR RIS IR
¥, Citrobacter freundii) VS % & B A = 839.44
pg/mL, 185 EHk (K&K, Rahnellasp.) F&i&E
it 5 382.48 pg/mL.

4 higsEL

41 it

55 R b AR I T A O (R A B £ 256 kT
B KB PR, SRR BRI, A6
] S5 T ) — e 2 S e B R

Enetorbacteriaceae i # A i BA milli AR BRE
PERITAEYD, FERBON NS P TR el K
1R 4MiF7i 2P Citorbactere freundii 1 porteus vulgaris
SR AES I 55 MR, T Enterobacter cloacae I
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