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A SO L AR SRR SY 8 i E UL T 24 )k
14 WAL 525 FRT B A S5 fER A0 61 94 3 (MIIC i) , R
PR €2 335 3k D00 s T B 4 0 R G o o A 0 e %
T MR BRRR TR 24 PR i ) 2 R A N
LG b 2 A, O RSB 22 A PR Y A
AL D7 i PR (I e 2 5%

1 MBRERE

1.1 HRl50EE

L1 FES 20 Frgh G R L, A des T
R KREFTY,

112 BB Al EZF MOAT AN 2O A (CICC
10023 ), H [ Tl A A= 4 v o R 0 s 4
A %I ER B (ATCC29213) , 7 5256 28 {438

1.1.3 #5383 LB WA s, M TR PR 3R
LB [ & K5 3% 35, T & A R 46 4l fk ;MHA
(Mueller—Hinton Agar), HF¥iA4: & HUBGL 5
PCA (Plate Count Agar) , T F-Hit%L,

114 alH JEAY (AR R JRR LY
SIS S R0 SR T VA = W ST N7 NN 3
PUSRZR ), W 2 o A e 9 B 5 28 W e
B ol (JE I 7 B AR 2,4, 6— = W LK 2 iz |
e . KGRI L1, 7— L B AR b
mh PR I ST AR, 0 A 3 [ Sigma A A LG
(%29 ), #8 [ CNW Technologies /A H] ; N Fiil
(g aigh) , 5 DUKSAN 2w, HARFIE N
By R O

LIS XA 5% fHIRE R4, fEE MEM-
MERT 72 %] ; GR6ODA 15 J& K R , J& 1] UL 2%
HIRAF MQL-61R 2 IR B 774, il
1A PR 7] 5 CX33 e Wi, H AR Olympus
Corporation 23 7] ; HC-3518 1=y 3 &5 0L, LB R}
HR AR ER A BR 2 ] s T-Gradient B6E PCR 1Y |
B BB BEE i e UK AX , 7% [ BIOMETRA 23 7] ; Waters
2695 i AH LAY, 35 [E Waters 28 7 ; 20 B 3 [N 41
DNA $EHOL7 &, RARAELRHE A BR AR L

12 Fik

12,1 WHRSESaifk FREC10 g B E T30
2, A 100 mL JE 1R 7K 15T 5 min, 80 C/K &
30 min [ L Z4¢H B E E G HC 1 mL 35 W
IR R R, A BIEL 10%,107,10°,107 4 4~ H

TE LB ¥i g2 2 [k, BB 3 AP 47,37 CHs
I 24 h, PRIBUEE DL B AR 9 B TR 75 2 LB P 2 R
LREFBN TN — BT

122 HHRER

1221 JEAF¥UE S (AARMEEEF
TE) i R Am U WSS A b BN TR I8 I RN B |
i, RMAREE BT ST REIE,
1.2.22 AMAKEE LU R ZE AL 3O Fh
(CICC 10023) 1 by X HR 42 HE S5 o2 25 F00FF o A2 2
A AR N G (R A BEAT 12 R AR BEAE AL
I, WL IR & P 45 B R L A A AL

1.2.2.3 16S rDNA %@ M4 fb i 75 2
LB Wik g2 3t )37 CH59% 24 h, JH DNA #£H
A &P AT DNA, DUisR) & 42 5Ly DNA 2
FEHR , XFH 16S TRNA #47 PCR 473, R H i@ FH 5|
¥ 27F.5 -AGAGTTTGATCCTGGTCAGAAC-
GAACGCT -3’ ;1492R:5" -TACGGCTACCTTGT-
TACGACTTCACCCC-3', PCR ¥ ¥4{K % .12.5 pL.
2xTaq PCR Master Mix,0.5 pL(10 pmol/L) =T
W51 9,1 L A4 DNA,ddH0 #b 2 3 25 pL, ¥F
1135 MG,

PCR " 38 77 ¥ >R FH 35 A Wl 68 Jie Hbs Dk ASCR: U

TE B W 52 LG BT E B 1) 257 DNA 28l A4 T AR
TR B2 @247 16S tDNA Xl 7, X
Wy 45 5 %l DNA MAN 0 $F4%, & 5% NCBI
FH Nucleotide BLAST 7F£& % k¢ 5 7 51 285 SR HEAT
FE ARG LEXE T 280 A v AR AT Y [R] L
R TR R 16S rDNA L FFIME S, KA %
MRS K E HAL,

1.2.3 9 HURECES K 8 R 245 W i R Al
P P R E B 25 80 (8 mmx
0.7 mm),37 CHET 2 o B H A4S P9 R A7 19 T8 Pk
WALE , R FH 22 [C Lh b 3 8 B iR vk B R &
1.5x10° CFU/mL, - Fi A= B &R K B 100 5 (K&
4 10°~10° CFU/mL) , B 100 pL 2 F i 4 4 1
MHA 5375 B — U1 U 7 AR U 28 P T o8 3
B, 15 30 min, G A B 1 32 A5 MR 2 11 Tid
YR PR TR, B AR R B G B B >24
mm, 45 7 0 GRS ARG 2% >15 mm, 37 CIH R 5 35
FNMEE 18 h, LI B A A BR A (ATCC 29213)
VER R F R PR, o458 el ok R i 6 Bk 11 24 At 6
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R W e S Sl () N A vl R 7
(CLSI) AW iy 8 B i M100-2C J 1 24 4 S0k vk
TR UG AR, B P A o TR AR A K SR I
il e B (MIC ) .

1.2.4 A=W & k)

1.24.1 FESAOEREL AR SIS B, HETR
FRELS g, & F 50 mL B5.08 %, A 10 mL =5
LR FR A HEE 30 min, 6 000 r/min 250> 10 min, H
IS R 25 mL A E T, VIWERM 10 mL =
ROREREII, B0, WEERERE E R
JE =R ORERELE

1.2.4.2  AiE R FE S KA Y bR e R B
W AT 2% GB 5009.208-2016( £ i % 4= [H %
Bl B b Az 1 e A I )0

1.243 @Gk A% C18 1 (KK 250
mm, #E NS 4.6 mm, FEIURRI AR 5 wm) | 584N
WK 254 nm, JEFE R 20 pl, HEIR 35 °C, i sh A
A:90% & N1 10% £ TR ¥ %5 W (0.01 mol/L, &
0.1% .18 ), Fisht B:10% 21 Fl 90% &, ik B 1%
% (0.01 mol/L, & 0.1% 4.8 ) , i i# 4 0.8 mL/min
Hof B VAR L3R 1

1 HERXBRER
Table 1 Gradient elution program
B 8] /min 0 22 25 32 31 37
A8 A% 60 85 100 100 60 60
A A8 Bl% 40 15 0 0 40 40
2 HERE5HH S0, JEE 2 R AR, A SRR RS
21 HHRMSBEERE AN A 2R
211 WERAESHE G R h Ity 202 EBVEMCETE ISR 2 PR, 14 BRI 9 2

B3 14 BRE, g5 2o SD-1~SD-8 SDF-2
SDF-3 .SDF-4 .SDP-1 .SDP-3 SDP-5, T kk ()&
SIS A e S 1S WS N B8 i )
a1 T WS R N G R R R S & I v
Wl g Rtk SRR ES G WikDE

Sho.,

(a)SD-1

(2)SD-7

(b)SD-2

T A Al 8 R 5 B B AR CICC 10023 4% 371 48 Fs A
], 45 & (A ZS 40 0 25 7 T 06 8 ) | (o DL 41 T
R G55 78 T ) v ZE AT O 00 R M AR | 45 B TR PR
HITEZASFRAE , AT LU E 14 FRTR R 2F 10T )R .

(e)SD-5

(h)SD-8

(1)SDF-2
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(j)SDF-3 ()SDP-1
(m)SDP-3 (n)SDP-5
E1 BAHRMNEERSRARES
Fig.1 Colony and cell morphology of strain
£2 WHNWEBELLEE
Table 2 Physiological and biochemical identification of strains

Aok emw RS HRE e TER n wam wam mae sEe

HAHM AFE EHAM ONPG &R - WOt 4 B ) ) ) . )

KB RE KB wp B gy AWORRORERAS AW

S.S - + + + - + + + + +
P.C - + + + + + - + + + + +

SDh-1 - + + + + + - + + + + +
SD-2 - + + + + + - + + + + +
SD-3 - + + + + + - + + + + +
SD-4 - + + + + + - + + + + +
SD-5 - + + + + + - + + + + +
SD-6 - + + + + + - + + + + +
SD-7 - + + + + + - + + + + +
SD-8 - + + + + + - + + + + +
SDF-2 - + + + + + - + + + + +
SDF-3 - + + + + + - + + + + +
SDF-4 - + + + + + - + + + + +
SDP-1 - + + + + + - + + + + +
SDP-3 - + + + + + - + + + + +
SDP-5 - + + + + + - + + + + +

11 :ONPG. 2—fif§ 22 5 B-D—F: FLIMLWGWE AT ; “S.S" R R bR 45 5, “P.C" F/R FHPE B Bk (CICC 1002) 85258, “+7 Fm P, <= Fom Bk

2.1.3 16S rDNA %&  FIFH DNA 5P 20 $2 50
R GEAETC AL T $2 45 Wk 1) DNA J5 ,PCR 4°
B T R W B P VR D 2%l R/, S5 R R
HAFEIEXTECH S} 1400 bp ZE47, U B 34 & Ty, B
Pk NDA 4738 2545 i 2.,

13 BRER S8 RE T 8L ¥, Seq Man K18 P 2
J& A H R 16S tDNA 42K AE 1460 bp 247, K
13 FR B B ¥ 51 50 48 ] BLAST 76 5 (K % vh gt 17

VR PEFE R AE 2R, B0 13 AR B 34 RS B0 28 A fF
[
2.2 ZHYHBMEIRE

W3 PR, B 14 BRA 25/ F
Hr, HAT SD-7 B AR A 2 B ST ] — Fh 470 18 24
LY/ O b o R S N [ 93 O 2T
SD-1.SD-2 .SD-4 .SD-8 .SDF-4 .SDP-5 Fkkxf %k
6l W 2 B 4 & B i 52 #4  SD—6 .SDF -2 SDP-3
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o NZE B AT 15 JUKGE 4350 - UKGE 1. Marker,2 000 bp; ¥k
1B 2:BZT; VK& 3:XW; Uk IH 4:10023; VK iE 5:Y]; Uk i& 6:HYD; Ik
i 7.BL; Kk i& 8.BHD; K i& 9. HD; ik i& 10.HQ; K i& 11.GY; Ik
1B 12:NDYP;Jkif 13:SZY; VKB 14:RL;UkiE 15:LD,
Bl 2 DNA x5 1 58 B F ik
Fig.2 DNA agarose gel electrophoresis

P IR R WS 245 | A Y 0T S 76 Al g 3 2 RS
SDF-2 Fil SDP-1 X ¥R v0 52 3¢ 30t ey B it 22 M
SD-3 R Rl 250, H e X b 25
B, EX R X SD-2 .SDP-5 ) MIC {7 8 ng/
mL, IR 4R Gt 24, X6 Ay 12 k7R U0 ) 4
B o 14 B BN Sk 60 il A28 R D R 2R e B R
EL RPN S R VN I NNE S = R g v
SD-2 .SD-3 .SD-7 .SDF-2 SDP-1 X & % & %,
HE R MR R I RGN 2, KRy CLSI i AR e
SN VMR 25 90 R B JE 2 A B ) MIC {8 e/
mlL (1) 5 2 VR R A L8 B 0T B ik 1) 0 A D, Ik
) 2 TR MR A T 2

®3 BERMEAYNZEKRE MIC & (ug/mlL) K 8=k 1% I B

Table 3 MIC value (pg/mL) and sensitivity judgment of common antimicrobial agents against each strain

" " HY
A AF B\ kI kiawms £¥Ed RKREL S TAE AEFE
SD-1 <8/- >32/R <8/S <4/S <4/S 2.5/ <0.0625/8 16/1
SD-2 <8/- >32/R <8/S 8/1 <4/S <4/S <0.0625/S <8/S
SD-3 <8/- <8/S <8/S <4/S <4/S 51 171 <8/S
SDh-4 <8/- >32/R <8/S <4/S <4/S 1.25/8 <0.0625/8 16/1
SD-5 <8/- <8/S <8/S <4/S <4/S 1.25/S <0.625/S 1011
SD-6 <8/- 16/1 <8/S <4/S <4/S 2.5/ <0.0625/8 1011
SD-7 <8/- <8/S <8/S <4/S <4/S 2.5/ <0.0625/S <8/S
SD-8 <8/- >32/R <8/S <4/S <4/S <4/S <0.0625/8 10/1
SDF-2 <8/- 1011 <8/S <4/S <4/S <4/S S/R <8/S
SDF-3 <8/- <8/S <8/S <4/S <4/S <4/S <0.0625/8 1011
SDF-4 <8/- >32/R <8/S <4/S <4/S <4/S <0.0625/S 16/1
SDP-1 <8/- <8/S <8/S <4/S <4/S <4/S 5/R <8/S
SDP-3 <8/- 16/1 <8/S <4/S <4/S <4/S <0.0625/8 10/1
SDP-5 <8/- >32/R <8/S 8/1 <4/S <4/S <0.0625/8 16/1

T2 =7 F R A I U B 257 5 S (susceptible ). #UE ;T (intermediate ). B UEK s R (vesistance). M 25 3 “<7 8 “>" R 40 B B/ Tl ok

F MIC {H,

2.3 HYERE=EKR

WE 3 Jros 7 B A P e b o b 4E 37 min Y
SR U, LA A R =2 B A BE A BAR A 1 43
H UG TP % ARk B B T 43 531 Sk 65 B 18.570 min )7
% 20.201 min, ZHH% 21.319 min .2,4,6—=H HIE
Z W 26.183 min , [ % 28.242 min A % 29.401
min &% 35.466 min,

i 2% 4 AL, 7 A A W B A o i el U 7 R Y A

KFRER>0.9963 , Ui B A i il 2 52 R 4 I Ze 1 ¢
Z, UL 3 ABHT 10 15 0945 M LU 43 S0 B g 7 i AE P ke
14 Kz BRI B 9 51 #E 0.033~0.167 mg/L Al
0.112~0.558 mg/L,7 4= ¥ Jig 1] it % 7E 90.2% ~
113% 2 [] , [R B AT 6 A FATHE SN 7 B A= P e i)
A B 4 O 22 (RSD) S5 1 - 0.085~0.016 Z [H] | i3,
Wiy bk B R RORE B R, T WAH i A fig
T RS DU AR it v A P e B ek AR EESK
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Fig.3 Liquid chromatography of mixed standard of biogenic amines (25 mg/L.)
x4 BWHEHBEEIVEEVEREDNELESH
Table 4 Characteristic parameters of biogenic amine standards by liquid chromatography
A e AT A S = )2 75 A2 A% % (R?) A b FR/mg - 1! & F /mg- 1!
& R y=0.4177x - 0.1944 0.9999 0.075 0.251
P e y =0.4371x - 0.2074 0.9998 0.071 0.236
28 B y =0.5343x - 0.2189 0.9989 0.059 0.199
2,4,6-=F AR T y =0.2062x — 0.1024 0.9997 0.167 0.558
& y =0.5523x — 0.2583 0.9998 0.039 0.132
T A B y =0.5399x - 0.2286 0.9985 0.033 0.112
AE R y =0.4217x - 0.1623 0.9963 0.070 0.236
AFEFFRIEEAEYEMERSERN 3 Wwig

A ,8 Ml & W% 4 &7 A W e A 3 i i B A 8.48 ~
162.16 mg/kg,8 Fhgl G Hh Rk 2,4 ,6- = H 3
RO, Br ND=5 77 ah s e 7 Fhgh G4 0k
e, [IRER A BER S ND-5 7= 8 A W e i o
ik 162.16 mg/kg ,ND—6 7= il v 2R 4 e 2 X
8.48 mg/ke, BT va AE i AR W) ME & A 2% 150 mg
Z 2, 6 PPN TR TR A W e A LA 2,21~
200.91 mg/kg, AR ZK 0 R T H5 A= ) e & i A7
FERRIZES . 6 Fhay R ™ 5 b B Y e & it
6 BBl 7E 3.54~21.71 mg/kg,6 FlobE I 7= 5 o 35 R 4G
AR 2,4, 6- = AR O, RIESEEE ML
sl B A B Ry (FDA) X2 i v A8 0 Mg B o s 1
20 Ffry™ it vh A= ) B B S AR AR L SR ND-5
Jie R i A B — I A R
P P o A e AT e e A AR (R

2 57 B AR it e 03 T 23 B A Y B BEA
A — EL7 A 24 | LT 24 25 DR AR AT T e 2 i
AT AL Fh g K- = A 5 ¥ fif i i
PRS0 TR 7 A T 24 RO () N A 2 ST B Y A
AR L 23 T W A ], o ARt B i B, AR
F 58 O & T 0 i 65 a5 R G AR o A I 3
BRI, 18 I i A [ o v BB R I P A B T
8 Tl WL BT TR 24 W 0 7 0 R B9 MIC (B, BR
SD-7 W kA, B W A A R R R 25, (e A
DBR R AT 6 0T Sk 60 b I 245 1) 32 R i v JEE T 52
P, PR BR N VD BT 32,9 bk ouF R R B
24, UL BBk bl BEAFE X JLIS BT 25 W) f9 i 32
2SS A /N T U - D VAR
AU Y I, [R5 i ™ ah
GV TR SRUUIN 4% = SN SLIDNE -y P Nebs )
DA Fh5 412 28 1) SCHK, - BIF 5 A ) B 0 AN [ 24 497 114
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x5 HREYMREEMNELSER (mgkg)
Table 5 Results of biogenic amines in sample groups (mg/kg)
B F R a0 e #h e 3
AR T

ND-1 18.48 11.79 ND ND ND 17.92 8.77 56.96
ND-2 11.01 12.85 ND ND 13.83 8.73 ND 46.42
ND-3 12.42 11.99 ND ND ND 27.69 10.69 62.79
ND-4 3.82 3.22 ND ND ND 8.17 2.99 18.2
ND-5 57.34 94.24 2.38 ND 343 2.75 2.02 162.16
ND-6 ND 2.69 ND ND ND 3.74 2.05 8.48
ND-7 3.64 3.00 ND ND ND 8.19 3.12 17.95
ND-8 5.05 2.84 ND ND ND 8.96 3.69 20.54
NDF-1 11.68 ND ND 10.51 ND 12.29 ND 34.48
NDF-2 2.59 3.39 ND ND 2.95 2.18 ND 11.11
NDF-3 ND ND ND ND ND 2.21 ND 221
NDF-4 18.03 11.29 ND 10.74 ND 11.97 ND 52.03
NDF-5 3.97 3.00 ND ND ND 7.59 2.85 17.41
NDF-6 28.37 26.49 26.46 27.08 37.62 28.31 26.58 200.91
NDP-1 ND ND ND ND 2.38 2.32 ND 4.7
NDP-2 7.63 2.95 ND ND 3.30 5.42 2.41 21.71
NDP-3 3.12 3.71 ND ND 293 3.90 2.21 15.87
NDP-4 3.54 ND ND ND ND ND ND 3.54
NDP-5 2.67 3.09 ND ND 3.02 3.57 ND 12.35
NDP-6 2.39 243 ND ND 2.68 3.69 ND 11.19

1 :ND. GG AF 5 NDF. N S0 T8 s NDP. 44 SR “ND " R KA

2

72 =)

2]

TS 245 AL ) e JHC T 24 5 [ 1) e 3% R AR
B %

2 5 I 3 AR 0 M 114 SRS (SR T 44 21
JRUBR I, 78— 1 25 AR T 3 AT RE % 1k it o 2L
LR RV ISuR s PN A IPN LN 37 S E N i E5|
N AT G T2 S LA ot A e R AR o, TR AT G
I 5 Hp il 2D 5 T 7 i o A o ) R, A
WFFE R LA 52 B U O BT R 5, Tl S 77
A I S RN A B, TR R AR W
BAAMERRZES, MRSEFNEKRS N T TZ
AR AR A 2 A W e b 2 B AT AR 22
S, A EER T Al AR X A AN S AR N
I, XA 2T RN T AR R A R R Y
SRR K, B — 25 UL i A P e A ) —
AT B R B A YR S SR B ERSE
R 2 s 24 i W PRy (FDA) Xt 62 v 2B ) i R
BRI, 2577 AR W M S R B AR LR
AELAN 53107 by 1) A 0 M o R — 1 e 4 AR

7 i )

S 2A
w

I=A
2

LS 2A
2

A 0 B ST A 5 R A M REBREL

DA EZERFW, Al 2= b B 24
RS 1Y), I 12 AWK T i T BE AT A R AR 1 2L
T e PR A R B R A ™ Wl R A AR, S8 8
Lo G i 2 PR BOTEO Tk, TR )™ il A T T PR
TS 245 1 AIF 5 0 A 0 M 5 0 e DO 2 4 2 R HG A
LAVEREEEM T B, ORI R AR %
PRI BE

5

=z
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Research on the Safety of Natto and Its Products

Wang Lulu'?, Li Bin®, Peng Xuefei', Chen Nannan®, Cao Mengsi', Liu Ming"”, Guo Xinguang', Bie Xiaomei’
("China National Research Institute of Food and Fermentation Industries, Beijing 100015
*College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095
*Food Industry Productivity Promotion Center, Beijing 100015)

Abstract This article took commercially available natto and its products as the research object, from which several
strains with characteristics of Bacillus were isolated, and 13 strains of Bacillus subtilis were identified by colony mor-
phology, physiology and biochemistry, and 16S rDNA sequence comparison. The paper diffusion method was used to de-
tect the MIC values of 8 common anti-bacterial drugs against strains. According to the standards for drug resistance in-
terpretation in the American Clinical and Laboratory Standards Institute (CLSI), only SD-7 strains were sensitive to the
selected antibacterial drugs, and other bacteria all showed varying degrees of resistance. Using liquid chromatography to
detect the content of biogenic amines in commercially available natto and its products, 7 kinds of biogenic amine stan-
dards could be well separated, and the linearity of the standard curve was good (R*>0.9963). In 20 kinds of samples,
the total content of biogenic amine was between 2.21-200.91 mg/kg. This study found that commercially available natto
and its products have potential metastatic disease—causing genes and the risk of metabolizing toxic products, which pro-
vided data support for the establishment of product safety evaluation methods.

Keywords natto and its products; Bacillus subtilis; drug resistance; biogenic amines



