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2= 75 WUORAE 5% e IR A B v B A A NDMA T B
MIVER . Kim %5 % SUFL R 0 0] ELEERRAIR MRS Ki 3%
Fet NDMA 893, Nowak S 57 & 90 7L IR 14
X NDMA (%) 1 il 68 77 52 P4 55 [ 22 087 bk 1) 5% 1)
HEEFR LI, AR U R P 4 B 34 e AN (]
2 B2 b B A NDMA 2 5, SR, M S PRI 5E & R
ALK B i NAs A3 380 43 R 4 f BE 1 ) M 2
Fo

hy 51 W Ui e FLIRR A R AR, A9 LA S
W F 58 A NDMA Fil NDEA 15 A 07 16 5 bk 104K
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FRTE, WF5E NAs e 6 o ak AR K 15 m DL AN
[7i) A 355 D] 3% X8 TR AR 48 SI0 il Jie 6 7 140 5% T

1 #REFE
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16 BRFLBR T, 0 8 H N 5 4% 58 I o
(R M3 KT IR, N 520 Al R A il B2
HH AR B ; O (B354, Fisher) , 2880 K
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1.2.1 WM SRS FLRR W M. R
58 & P I R R ) FLIR TR B2 R 2 MRS B 77 3k
BB 2% W e Fh i T 28 °C/37 CHRAF T4 2
ISR AR IR B i RE 0 H 5 < S IR T
PRSI 7 vk M VEAB B, K 16 AR 16 Ak 4g- 1) LR B
%3RS Bl HE A MRS 8537 H AR 0 ik
4 20 pg/mL (19 NAs b fi, 6 L2  BE VR 1
pe/ml, JCE T 28 °C/37 CHFH #5395 12 h, %
HRZH O R T A 45 451 R 53R . S 71 GB
5009.26-2016 (£ i N-3V il iz 254k & 4 g
FE VBRI IR I A NAs, I 8 & i, 0k vl v
AR NAs & 5 B

T B 3 2 = =S 1009%
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1.2.2 WAl & EMME kA HPLC M E NAs
M, RIS AN 5k SR T ZOR-
BAX Eclipse Plus C18 (4.6 mmx250 mm,5 pm)
IER, ZOCRR VR KA Sh A A WG A
PLIR Zh A B R alizk | i # 1 mL/min, $EREREL 10
L, AR R 25 °C, T 240 nm 4b 28 MG 2§ 7517 10
SE o FLRBA VR RE R A0 26 1 BIr/R , r AT R i G 11
HI4 20k 0.45 wm FEEuE . FIH HPLC #EATRI
NDMA 5 NDEA i & 84 if [6] 73501 2y 3.15 #1 4.34
min, HoAR el 205 8 2 00 o y=41.858x-1.8024
(R?=0.9986) #il y=24.861x+0.6011 (R?=0.9993) (y
VTR AR a0 A A TR )

x1 BEEBRERX

Table 1 The gradient elution program

AR
B} 18] /min
Al% B/%
0.00 20 80
3.00 35 65
16.00 90 10
25.00 20 80

1.2.3 TR ARTE IE & 55 3% Al NAs W3 T /9 28 K il
& B BEAR DL 2% ) $E R S ) A TGl MRS
I NAs ¥ JE N 1 wg/mL 19 MRS 853556 7E 15 9%
ifE 0,2,4,6,8,12,16,20 F1 24 h BUEE, & 1
& ODgoon THL, 222l AE R I ER
1.2.4  AS[R] PR PR3 0T B ik 36 IV i g 1 13 1) 5% Wi
1.2.4.1 B[R ZLIR & B A R e 1 g =
% 1.2.1 W5 R R AR S 1 FLRR R 5 RS e T
MRS }i 7k e 5% | @t HPLC AU 55 5%
mFa] o 0,12,24,36,48,72,96,120 1 144 h #Y
NAs 753t , B 5 B[R] 0T 81 R o ST e 738 7 A9 52 i
1.2.4.2  W)hG pH R0 BBk R8I0 iz BE 7 1) 52 el
S 1.2.1 T NAs JRE W E R 1 pg/mL
) MRS K575 372 w1 4 pH {HH 3.5,4.5,5.5,6.5 Fl
7.5 AT, K RRAE PO ORI S S50 R G R
it HPLC W& ARG pH {E 5514 T NAs i
TR E T NAs BT BRR
1.2.4.3 B 57 I B X T bR 3% IV A i 158 17 1 52 il
Z7% 1.2.1 Wk RIS SRR R i R RS N
20,28,37 fl 45 CEAF T, X B4 A 22 181 O [R] 45
SRR, Gl HPLC 58 AS [) 5 5% 8 3 4 1
T NAs (& & TR R MR NAs B9THBR %,
1.2.4.4 B 8 X DAk 948 IV i i B 17 14 5 i)
2% 1.2.1 WHJT i, TEFLIR W IE R Bl 10°,
107,10%,10° A1 10" CFU/mL 2518 F |, X BE 4 rh A 2
BRI S 4 TRy 3R, it HPLC P AS [R) $2 F
WPESE T NAs B9 5, 1153 1 Bk Xk S0l e 1 2=
1.2.5 AN [F) 4 B 2 3 XoF 1 Aok o IV i i 6 7 70 52 i
%% Nowak S J7 L BEAE B 00, DEIE M A 42
By, R AP R 4 B RE X NAs 1935 BRAEH .
B 3 ICHEAE 4 °C,12 000 g & 17F T B 15
min 15 P& AR ML AR BOR 5 R AR TTE . 2R )5 A B
fi £5 2% 1 (phosphate buffer saline , PBS) & 1% i
VR RDUUTE 3 UK, 408 75 B (300 W, T4 2
s, BBk 35,180 YK ,0 °C)J5 FF X B0 (12 000 g, 15
min, 4 °C) G WCHE [ ISR BUR . i IR DT TE
FET PBS 1, IR ad 100 C iR m#ab #E 10
min BOE 5 0l 15 240 M RE . 430 7R NAs 2 L ik
I P A B A 0 R A i vl L
WP 1 pg/mL, PR 1 pg/mL A e
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HPLC I %€ NAs &,
1.3 HiEE

Fr A BE Y AT 2 3 Uk, FISPSS 22.0 x4
HEAT T B A SR Dlx £ 5 2R, R Or-
2in2018 A4 2, P<0.05 Fn £ F 8%,
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2.1 e vAY AR 2L BR I HY 0 ik

W0 B A NS AR G R e A Y 16 R LR
BT MRS 323t 5 NAs L3595 | #H HPLC ¥
0 I M 1) L SR IN R 2 TR A TR R RR 0
IV i E S B AT RS, 5 PRI Kim 2500
WP 25 R —50, MR AW AT AL6-1 X
st NDMA L BRF N 27.95%, 2% = T H

B PR (P<0.05) , TiAS ) FLAT A ML2-2 A9 2L AT
W 37X-6 FIHE 73K 37X-8 Xf NDMA A A&~
] % B A A A I BR R 0 o -1.49%
=7 11%M-5.11%, "I G 524 K F I 55 45 1 —
B, B AR A e B 48 R M FE R SR i R T NAs
TR AEANFFEE AL, 16 #RILBR# X NDEA 1Y
H BRI H 0 -9.77%~25.23% , H W LA
37X-6 X i Fe 5t NDEA LB R R FES THE
BB (P<0.05) , k1 25.23% , i A ) FLFF B AL6-1 .
CL4-3. X3-2B 37X-11 fiFi+F A # SL-1 5
W FLAT B 37X -6 1 5 S0 fifd e e 07 O W 3 25 &
(P>0.05), 43 %M 20.32% ,19.14% ,17.17% ,
19.96% F1 25.09% . HP)FLFFHE AL6-1 XF 2 F
NAs HIFRAR R Z Tl 48.27% , M e 16 B B A %5 v
RSV A e e 1 WA I FLAT IR AL6-1 F T IR Seif ot
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Table 2 Decreasing effect of different strains on concentrations of NAs

SE oA %
" R 4/%
W A % AR B E
A Bk NDMA NDEA

AL LA E (Lactobacillus plantarum ) AL6-1 27.95 +1.53* 20.32 + 1.94®

BI14-8 11.44 +2.02° 4.92 +1.50°
Cl4-3 11.99 + 1.27¢ 19.14 + 1.89*
MIL2-2 —-1.49 + 0.38¢ -0.23 £0.13¢
X3-2B 2.40 + 0.60* 17.17 £ 0.78*
37X-6 =7.11 £ 2.40¢ 25.23 + 1.33¢
B HE R B A (Pediococcus pentosaceus) 30X-5 20.36 + 1.89" -2.12 +0.78°
30X-7 22.99 +2.92" -9.77 £ 1.14¢
37X-8 =5.11£1.13¢ -0.53 £0.19°
37X-9 6.14 + 0.81¢ 16.34 +2.39"
37X-11 21.47 £2.42" 19.96 + 3.21®
37X-13 24.00 +2.91" 15.82 +2.08"

37X-14 10.51 + 1.52¢ 2.34 +0.86°

37X-15 2.47 +0.24% 4.65 +0.83°
FUBR K 3 (Pediococcus acidilactici) X3-4B 11.82 +2.87¢ 16.63 + 0.85"
7%+ 5L B (Lactobacillus helveticus) SL-1 17.24 + 1.12% 25.09 + 43.83¢

W i) — BN ) b 7 B ) 48 A7 A 3 25 5 (P<0.05) .

2.2 EWIIFE AL6-1 EEE 50 NAs g
THAE K%

M 1 R, FE MRS 55 5% 35 bk ) FLAT
AL6-1 TEHFI G 4 h J5 B 3 A G A 8,20
h #FAFRE W, S R AEY RN ODgon=1.75 5 75 T2 A
i PR A 1 wg/mL B9 MRS 55553 R

FUFFE AL6-1 B AW AR TIE % 2% 4F, H 20 h
AU BEATEW, RREWEN ODg.=1.72,
PTG PR, IV e R — i A B bl A A A L AT
B AL6-1 By AR, T e iy T il e B A 2, &
BRI, T AE R LR TR 43 S O R IS
B R ER
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Fig.1 Growth curves of L.plantarum AL6-1 in normal

conditions and under the stress of NAs

2.3 AEAREBRZNEWAFE AL6-1 BEIEH
% BE 71 B9 8 i

2.3.1 KR FRE ) XA ) FLAT R AL6-1 [ I il fe
BEJTRYSZ M Nowak ZFU2HA A ZL 2 1 % /IR NDMA
fE 7 R T BRI R 1 A= K30 e BT 2 AT A ELAT
AL6-1 X% NDMA Fl NDEA ¥ B 78 fk#4 441
6], 75 0~36 h, V7l i i B 2% B o I ) SEE K 52 344
K, EIEBRITE A 36 h BF ,NDMA #il NDEA
HRRC LB TRE, WEHERE R 094 63.90%
M 61.65%, 5 48,72,96,120 F1 144 h Tl & %5
(P>0.05) ., =0 Ji 5 AT B 2 2L R TR A 7 I il i 119
K FR IR 2 T 8 i AR A KT 7E 36 h 2R
FE Mol FL R i R 08 B B K B S T RE e
it v i 5 FL IR TR AR G 2 S B0 R S SR
R .

2.3.2 WG pH AE XA ZLAT R AL6—-1 B Vi B
REJTRS2 M pH R TR BE Y 5 A R B A T 2
A EE W, HT DU i AR A i A K
T T I T 5 T R A B D, AR R B Ao AR v m g
A e ik A8 DA R 40 L RE 1 RE A Y H IR A R AR
—E sz, & 3 alH TR pH 3.5~7.5 I AHY)
AT HE AL6-1 X} NDMA Fil NDEA ¥ H A % NAs
fe ) HARfL A F, e LIHE FREEH Y
pH 4.5 I WA B i bR F i & m T HEH (P<
0.05),°H 37.63%, ; M & pH {6 1Y F+ 15 , A B i
BRRATE pH 6.5 Bf A TR, HaTiERE R
26.51% 55 pH 7.5 B JC & 3 M 25 5% (P>0.05),
I, ATHA 2 pH 4.5 FAEPFLFT I AL6-1 FE{IR NAs
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80 NDEA

70 | ""A A a A a a

50 |-

F NAs BE /1
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i ]
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S FE (P<0.05), NFEKEFREFRR Lplantarum AL6-1 *F
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Fig.2 Effect of incubation time on degradation of NAs
by L.plantarum AL6-1
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Fig.3 Effect of pH value on degradation of NAs
by L.plantarum AlL6-1

B S pH E . PN R SRR B AR R BEY
Bt pH A 7T B2 55 i% , pH (B4 4.69 , [5] I 37 6t e &
WA B EARAE, HEMZE pH (8R4 T AR
X SV e A B B A A, S A I I A 4 R —
233 RS XA Y LA I AL6-1 B fi e
Re g m I AR ) FLAT B AL6-1 [ NAs
RE I SE ANl 4 iR, FERTFRIEE R 20~45 °C
W, AP FLAT B AL6—1 XF NDMA fil NDEA 34 HA7
B NAs BE ) BLARfL 34 AH TR, 258 ETHE TR
P MR EETE 20~37 CHuE NI, NAs 5 bR R 5
T B T 1 5 X B SRR 37 CHY ,NDMA
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NAs GE 111,

2.3.4 A B TR ) FLAT R AL6-1 B IV il i
REJIRYSE I FEFR MR XA FLATF P AL6-1 &
NAs BE I B MI N 5 frw . Bl 1Rk B 1Y) 3
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o O NDMA
SN a NDEA
Z 35
=
= 3t b 2
B
a0
be
R .5 st B
= g :
w320
< £ o
1
w & st
g
g w0
=z
TOT
=
20 28 37 45
i
Temperature/C

B4 FFBENEWIITE AL6-1 1 NAs BE 1R
Fig.4 Effect of incubation temperature on degradation

of NAs by L.plantarum AL6-1

2.4 AEEMASSEYIATE AL6-1 M T A
B BE 71 B9 2 M

FE W) FLFF B AL6—1 AN 7] 41 JifL 41 53 %F NAs (1)
R fE N 3R 3 Pros, B 42 U X NDMA Al
NDEA & & 1722tk F Al ], 76 0~6 h 3 [l 4 T A
i ek Bt A B[] 385 s i T A AE 6 h B ND-
MA 1 NDEA &g, HEEailh
0.68 pg/mL F1 0.71 pg/mL, I F& i 5 53 5]
70.28% 5 71.88%, WFHALT 0,0.5,3 h B A i
()& 8 (P<0.05) , 1 5 12,24 ,36 h L& 25 (P>
0.05) , W75 45 R R WIAE Y FLAT T AL6—1 i PN g Xof
VA i EL A R RAE T o S PRI A I S L
FFER R3 M PN B O AT NAs HLA — 2 B A VE
H B fi fE 1A 5.3 (P>0.05) . Nowak Z512% B 4
PO T FEAK NAs & &, 9F H A& 0T L NDMA

hin, Y4ERRE N 10" CFU/mL BF NDMA 7B %
WS T HE 4 (P<0.05), 2 26.58%., A2 FLFTF
W AL6-1 X NDEA i bR S AE 3 Mk 2 o 100~
10° CFU/mL 75 [l N TG & 3% 22 5 (P>0.05) 5 24 4%
W T 10° CFU/mL B NDEA [ 7% b 2% fifi 5 4
Fofvfe B (O 38 i3 oK, 4 4EAN A E) 10" CFU/MmL,
NDEA & & 2 F WAL (P<0.05), HIEREN
19.67%., Z5F W, 15— Rk B N ALY
FUFF I AL-6-1 A9 F% NAs fE J7 55 3 b ok 5 22 1A
RIEMHEER, 5 Y WRPIE B 7745 0 —20, Kt
B E A 10" CFU/mL AP FLAT I AL-6-1
) B A P

30

[_INpmA a
I NDEA

[% NAs fig
N-nitrosamine—degrading ability/%

10¢ 107 10% 10° 10"
HeFh i

Inoculation concentration/CFU +mL™

5 REMIREXEWIITFE AL6-1 & NAs 8 1M
Fig.5 Effect of inoculation concentration on degradation

of NAs by L.plantarum AL6-1

VE R B IR A . Grill 25 U9 B 53 % B X0 AT 18
BB536 1 /il A £ 5 E A AR A Bl 5 1 1 fE
F1, HARAR M J5 A SR B W0 e 7 AR A B SRR
HH 6 P i BB v ) il S N 2 5 T il 1 e i ot
i, 5AK R BT A5 A — 20, B DA L2 A ] A )
FLFF TR AL6-1 i N 3 B 1 R it 1 FH T i s L
R NAs () R 2k,

M FLAT B AL6-1 MI MU 4 NAs ¥ Bk
RORTE 36 h WL 3522 5% . NAs 5 MISMCsiH AL
R 3% 36 h J7 ,NDMA HI NDEA & & 73 %1 4 0.97
pg/mL F1 0.90 pg/mL, KAV FLAT I AL6-1 i
AR AR T 7 A R M AR S AN B I i i
Jiz .

R e B AE ) FLAT B AL6-1 20 i B 5 NAs
LEFE 36 h, 76 O h, G FR K R NDMA & & W 3
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M N—I0 5 fie SUBR T 64 7% 1 BB I MR 4% ML AT 50 53

1% At o 42 50 5 M MR 9 (P<0.05), 24 0.93
pe/ml, X NDEA & £ J¢ 2 & 52 1 (P>0.05) ; 7E 0~
36 h, R Z T NDMA Fl NDEA & & 36 F 45 51

4 0.91~0.93 pg/mL 1 0.93~0.96 pg/ml., JC it 3 2%
S (P>0.05) , £ WA Y FLAT # AL6—1 4l Jitd BE 1] 7E
S BT 8] P 2 B NDMA, W B 268 4.12%

* 3 MARIEX NAs HIBEEER

Table 3 Degrading effect of different cell components on concentrations of NAs

NDMA 4 #/pg-mL"

NDEA 4 %/pg-mlL"

Hm e PR e SR 3 4 m i kR e PR e SR 4 o g BE
0 0.97 £ 0.00™ 0.97 + 0.02* 0.93 +0.03* 0.98 +0.02* 0.97 + 0.02* 0.96 +0.01™
0.5 0.77 £ 0.01* 0.98 £0.01™ 0.92 £ 0.02" 0.79 £ 0.01%* 0.96 + 0.02* 0.96 + 0.00™
3 0.73 £ 0.02% 0.96 £ 0.03* 0.92 £0.01* 0.76 £ 0.01™ 0.95 £ 0.04* 0.95 + 0.02*
6 0.68 +0.01™ 0.96 + 0.02* 0.92 + 0.02* 0.71 £0.01* 0.96 + 0.02* 0.96 +0.03*
12 0.66 +0.01™ 0.96 + 0.03* 0.91 +0.02* 0.69 = 0.02™ 0.95 +0.03™ 0.95 £ 0.01™
24 0.66 + 0.00™ 0.95 +0.01™ 0.92 £0.01" 0.70 £ 0.02® 0.96 + 0.02* 0.93 £ 0.03*
36 0.67 £ 0.02"™ 0.95 £ 0.02* 0.91 £0.01* 0.68 £ 0.01™ 0.94 £0.01™ 0.94 £0.01*

T« [l — SRR RS _EAR 7 B LR AN R I ) 26 F R NAs 35 BEAATE 235 22 57 (P<0.05) | i) — A7 AN [R] /NG 5 B 7R AN ) 1ML 41 73 X NDMA 0

NDEA 1 [ fife A A7 A ik 35 22 5% (P<0.05)

3 HFig

A% FF HPLC i 16 5L A 8 250 1 I il Jie il
TR AR, T8 75 FERE MR S LB DR 9E 45 R 3R
PR FLAT B AL6-1 HLA i 85 % i e 66 77, 7
Vi JHg 2 o W A 1 wg/mL B LR SRR R R
NDMA Fl NDEA ®Y F& i 22 43 5l S 27.95% Fil
18.32% ; HAL W FLAT B AL6—1 [ fE 1152 A R 2
B A 2R 0 52 ) i o He e AR 35 R [H] 2 36 h, fidi
pH {Eh 4.5, B il i R 37 °C, B fEHEFh v B oy
10" CFU/mlL; 38 5 fF 58 A 9 FUAT 18 AL6-1 i PN il
PEBOR . M AN B 40 M BE XF NAs % A5
Wi, & BRE B NAs 3 B3 o i P 45 RO 1 % fig
YEF, £ 6 h iF ,NDMA il NDEA [%f# %53 5] 4
70.28% 5 71.88% , H 4 AL BEXT NAs A7 — & 1) W
YER o ASBIESE iz i Rk etk — 20 i FH T & i b B
R i i 5 et BRI S R

Z % x W
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Screening, Degradation Characteristics and Mechanism of Lactic Acid Bacteria
with Degradation of N-Nitrosamine

Guo Jin', Xiao Yan?, Liu Peiqing’, Liu Zongyi*, Su Lin', Zhao Lihua', Jin Ye"
(College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018
*Hohhot Sampling Monitoring and Major Activities Support Center, Inner Mongolia Agricultural University, Hohhot 010018
‘Ulanqab Market Supervision and Administration, Ulangab 013750, Inner Mongolia
“Urad Middle Banner Agriculture, Animal Husbandry and Science and Technology Bureaw, Bayannur 015300,

Inner Mongolia)

Abstract The lactobacillus with high N-nitrosamine—degrading ability was screened from 16 strains of lactobacillus iso-
lated from traditional fermentation products in Inner Mongolia by high performance liquid chromatography which was used
to detect the content of N-nitrosamine in the co—culture system of lactic acid strain and N-nitrosamine, and its degrada-
tion characteristics and mechanism were revealed. The study showed that L.plantarum AL6-1 could efficiently degradate
N-nitrosamines, and the degradation effect could be improved when the incubation time was 36 h, the initial pH was
4.5, the temperature was 37 C or the inoculation concentration was 10" CFU/mL in the culture system with the final
concentration of N-nitrosamines of 1 pg/mlL. The maximum degradation effect of N-dimethylnitrosamine and N-diethylni-
trosamine was 63.90% and 61.65%, respectively. And the degradation rate of L.plantarum AL6-1 intracellular extract on
NDMA and NDEA reached 70.28% and 71.88%, respectively, within 6 hours. It was determined that the removal of ni-
trosamines was mainly through the degradation of intracellular extract.

Keywords lactic acid bacteria; N-nitrosamines; screening; degradation



