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Dynamic Changes of N-Nitrosodimethylamine and Its Precursor Amines in the Processing of Roasted
Cod Fillets Analyzed by IC and LC-MS/MS
PAN Jun'an', LIU Zhiyu?, CHEN Xiao'e'", TANG Shuifen?, CHEN Caizhen?, QIAN Zhuozhen?~
(1. School of Food and Pharmacy, Zhejiang Ocean University , Zhoushan 316022, Zhejiang, China; 2. Fujian
Fisheries Research Institute, Fujian Provincial Key Laboratory of Marine Fishery Resources and Eco-
Environment, Xiamen 361013, Fujian, China)
Abstract: This study established a non-suppressed ion chromatography method capable of simultaneously
measuring dimethylamine, trimethylamine, and trimethylamine N-oxide. The sample was extracted with a 1%
trichloroacetic acid solution, purified with chloroform, and subjected to ultrasonic-assisted extraction and high
-speed refrigerated centrifugation to remove protein interference. Separation was performed on a Dionex lonpac
CS 17 cation exchange column using 3.08 mmol/L. methanesulfonic acid as the mobile phase at a flow rate of
0.8 mL/min, achieving complete separation of the three target amines within 15 min. The limits of quantifica-
tion for dimethylamine, trimethylamine, and trimethylamine N-oxide were 0.17, 0.21, and 0.25 mg/g, respec-
tively. Furthermore, combined with liquid chromatography-mass spectrometry, a multi-target detection and
analysis system suitable for N-nitrosodimethylamine and its precursors in aquatic products and dried products
was established. Based on this detection system, the contents of trimethylamine N-oxide, dimethylamine, tri-
methylamine, and N-nitrosodimethylamine in cod fillets during processing were systematically monitored , and
the variation patterns between the precursors and N-nitrosodimethylamine were explored. This provides a meth-
odological basis and theoretical support for elucidating the formation mechanism and key control points of N-ni-
trosodimethylamine during the processing of dried aquatic products.
Key words: ion chromatography (IC) ; cod fillet; N-nitrosodimethylamine; biogenic amines; liquid chroma-
tography-tandem mass spectrometry (LC-MS/MS)
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e 8% (Gadus chalcogrammus) J& #5 12 H % B} e 6%
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T4 J30 55 8 TR R L 48 52 2 3 5 RS, XS SR
R XF TR A A A g BT A A
Y 5 D RE A5 D T 1) ELA AR W, SR, 6 £
&N A A = F % (trimethylamine N - oxide,
TMAO) 7E N I B S AE P VE TR T A Sy = W (-
methylamine, TMA) A1 — H iz (dimethylamine , DMA)BI,
oA TMA 977 28 205 T W o Wb A A e =
i A0 5 i, DRI R A R VA K 7 it i 6 1 DG B A
BT T DMA T EL A7 B S A s R S, 2 AR A R
R — 6 S I 2R il Ve VR TR AN N ek A v A
B, A Z2 Bl N-ME A i S Ak G e L R F 5,
DMA #%I\ -2 N-— 3L A (N -nitrosodimethyl-
amine , NDMA ) J& J8¢ ) G SR 144 53790, NS Al i 26
A W — 2 AE 55 R R PR v v SIS R R RN R 2 ) ot
SR 7 A I BUR I AR 3 2 MZE VR R [R], AT
I3 R RNMERARE K PEPIT RN, NDMA 1R # WY
FERME N-EAS R G Y, R EEE W3, PR
FEREWTSEHLAG S o 2A BRI, BFFER W], NDMA
F9 A W32 INARGIRBE  pHL (B A W VR 45 4 4 22 b 1A
F 100 R AT PR e R R AR v IR B A (A
PO ) B9 2 5 R, S A AR B VS A 1) 4 R S
Jolp, A R A RT S BRO R AL A A

H AT & DMA TMA 5 TMAO [ 52 J5 2% n]
K 4366 BE IS0 SRR A SR 3% - ST I
FH pke-200 g o A i 21220 YR 68 35 1 23 25 VR B Al
HL VKRR Z R R Ho AR 30 AL B 7 a3k ik
PR BEIR] 25 7 DMA (TMA 5 TMAO , 755 2 5E B i
RIS RGPS I o SR A NI £ i
NDMA 5% B 15 SLHEAT 1 0 A AR 7 L 58 B i T4
Z AU NDMA BT A it (BL45 DMA TMA 5
TMAO) i) 5l 285 5 A KL B S B4 o) i ) R e PRI 5
S8R Z o 5 £ 7 Jin Tk P e 55 SRR R LR R
BT FRXUHE, ¥ AT 4 R e 1R 0% ) 55 T X BB BR
W K IR B S A W 284k, O NDMA /9 AR iR
BT ESR . I, RGP TMAO % DMA , i
M43 NDMA [ A2 5 PR AL XA 2o il iz

ESER Y/ iUp 0 T S i

ABFFNE XK =R R, RGOS 2
UG 5 e AR Pl 2 B R S OGS S 80, B AR S —
AEAZ [RS8 DMA \TMA 5 TMAO A9 JF 40 i) 78 B8 1
GG AT 7 2%, LAVERfAR 2K NDMA SCHE TR i 1 &
AR . EILIEAE b 455 WO 60k -Bg E R, &
1B R R o T4 ik 2 o DMA TMA . TMAO }
NDMA W) EhA&254k , RGAE R A ACRUHE , U B obr
NDMA A= AL il I 37 DB il s PR T ik S 43 5 R
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1 #Rl5H&%
1.1 MRS

Ped® JEig Rl T md R R e a
FRON ] s it 22 4 F IR IR T KA R
b = H e (4B 99%)  — HH b iR 4k (458 98%) « 55
Sigma /A ] ; W e ER Rk (4 EE 999% ) | i ik ( 4k
& 99.9%) SRR (g al) . Fig 2 kAR bR A
FR 2 7] s NDMA \NDMA-Dg(£6 B35 98%~99.5%) : &
A (db ) AW BB BR A |l = A W b (4
99.9%) : £ Tedia 2\ &) ; = & & B (trichloroacetic
acid, TCA) (4l 99% ) B IR (g2l S bih (PLgk
al) Jo/KBREREN (s al) . FapE Rl B A BR A Al —
S (gl ) - = 258 k2230 A FRA 75 5
AN HAEK, i Milli-Q Halik RS 4
1.2 U 5R&

1CS-600 BT {05% 4% . TSQ Altis Plus Y8 AH (3% - i
TR AN - 25 E FEBR KRB 28 7] s MS 3 basic iR iE
P % RV-10digital e 758 & : 75 [E IKA 23 A KQ-
600DB 45 1 75 I 1 VA « B Ll i 7 A BR A W 5
3-16R 5 20 0 e R B O AL - W R TR A 38 3 45 AT PR
25w 5 K9840 H Bl IR AN « ¥ RE AR H AR S ARy
FBRA ] WS-1 930 e - IR3% 7% : F5[E Wlggens /A ] ;
MFV-24 £ 8 R WAL - ) N 2 AR B A BR A )
GM200 JJ XA EEAY - f5 F Retsch 237 ; FJ200-S £ 4175
KA. g ) RIRVGAL AR B A FR A 7] s HYCD-282C
[ FH VA S VKA « 75 85 VR H VKA AT BR S W] 5 FD8-6 B 75
THL: P9 (b)) APRA R AR2130 PR 31
ST E PR ) () A FRA R 5 Milli-Q RS2 56 =2 i 4l
JKFE 4t : 25 Millipore 23 A s AHUAHGMALIERL(0.22 um)
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1.3.1 B3 Gion chromatography , 1C) %

A3 5 B BRI 0.073 9 ¢ — K A AL = e
0.080 9 g = H e bz £k & 0.090 4 ¢ — F pieEh i £k, H
A 4l K 7 R OF E 2 2 100 mL, B A5 H1 43 TMAO,
TMA 5 DMA % EE 144 500 mg/L( LA3i7 &8 i) il 2 —
A AERE &, T 4 CREGEH BT
1.3.2 V& HH (013 - i 3% (liquid chromatography - tandem
mass spectrometry , LG-MS/MS )k

i # # U NDMA A5 i % W (1 000 pg/mL) A
NDMA -Dg FRAEZH (1 000 wg/mL) 4% 1 mL, 2351 H — 4
MBI E A% 1000 mL, 1215 #1153 NDMA 5
HEI (1 wg/mL) 5 NDMA-D, AR 8] (1 pg/ml),
T 4 CHRECE BT
1.4 Bkt
141 EIEH MR

DA o i T s Y R R VR YR, 4 1) 2 g CP-1
JH CC-3L. % CC-9 M Dionex lonpac CS 17 4 2 BH
BP A B A TEAE XS DMA \TMA K TMAO Fl 3 2 3
TE S Bk e 43 B et ], DA 52 o 0 €20 338 Ak R Lot 1o
BRESE
142 FEERTAEFE A AL
1.4.2.1  $RBOEH ) EEE

PR B 0 A i, 0 SN A B i 3 5CH 1% 2% (4%
) = 58 L TR W S Sl 7K AE S R B 0], 0 5 52 B £
J T FUINARES €0 BE 5 b DMA \TMA .TMAO & & ( H %
Y1) DL BRI R E (5 DGR IR P A , 0 B
e R B 0] B o e e P WA I T R
G e 1 T G157 B /AN v (1

c -cC
X = T x 100

K X S BARP EICR % ; C, ot br i ph 23t
AT B IARAE S H R T e B mg/Ls Co i B AR
HEMZ AR 202 RS T HARP I B R, me/L;
M Sk BARY IR BT R B, mg/Lo
1422 IR SRE L

T 5 B AR B EUA I Al L, B2 AR R BUR 7R
TR 5 mL, 23 B2 24 1,23 4 YR S92 Brefid; £ 5 J5
FUIN bR 5 €0 R 5 DMA L TMA . TMAO 1 & 45 5% 1) 5%
Wi, DAL RIS A bR, 0 8 e AR BUAR RS o8k .
1.42.3 iR 55 bR BU L

HELIE O ot . e B = G e X S P e £ 5
Jo RN A 5 £ R O AR U ) R AR . DL DMA
TMA \TMAO [FIISCR R Fe br , 0 fe v fk ik ) o afF—
P EL 1,204 mL = P BRI AR S 55 B A
DMA . TMA . TMAO B2, DL L T

WERA g A 7850, 08 e AR L IR R
1.5 FEALALEE

BSOS LR Z, ARGk YE, 2 535K
MLEE AR 22 35 JBetRAS s Tk = i (g 5 £ 7 fin T 4= i fe
FES B A 22 B0 TR R M) DA A A
MR 25T, BTG R H e v A B4
B I EAES A FRRALEE H ], T -18 B IRAT .
RIS HPRE R S B = (25 °CO) X T A SRR
1.6 FEALATANEE
1.6.1 DMA .TMA . TMAO #2511k

HERRAREL 0.2 ¢ ¥IFTRE T 50 mL B0 A48 HRIK
JA 2 mL =50 H 58 K 5 mL 3R ATHIA 2 4 CF 405k
H 1% W = H LR, IR A5, T 4 CUKFE i e
20 min, 3 000 r/min W HE 30 s, I 37 BI4L R 22 68 75 I
Vedr (T2 2 12 °C) ol A i B 42 B 10 min, 42 HUES
FJ5 , F 6000 r/min 4 CEZAF T B0 5 min, I LK
WA 15 mL B0 FERRE P RIMA 5 mL A1
R IE R 1% M = HA ORREW, BEE LRERIUE TR,
GIHPIR BB, LIRS . B2 mL SR G
W, 7F 10 000 r/min 4 CZ&AF T #5010 min, T3 G
Wi 0.22 wm KA AL IR, I F 2 1 (i A
1.6.2 NDMA #2551k

NDMA (i 4b # 77 152 I GB 5009.26—2023( &
Al 224 [E AR A R NS 2R I e ) o
(3R =1 K 2R A ZR AR -VRAH (0 1% - o3 15 ) 1281, 1f
B PR HL 20.0 g B FE T 28 M b KO A 40 pL
NDMA-Dg N FR 1R . 100 mL #B4fiK & 50 g k4,
FEATIRA o ¥ 50 mL S B 0.5 mL SEEEE A
250 mL = fBeIE R, VA IR AN A b VT
IR = b E UK . FREEINAZE LR 8 min,
W 7 50 mL 40 H e A ¥ E UE (200~250 mL) o [1]
WEER M 15 ¢ SALENA 2 mL B FRV W (BR R 5
IKEEBEE 1:3) B HE B AL e 2, R
% 500 mL 23R - A, BL 230 /min $23% 5 min, HE
Y BEE TR (AR ) . BJEH 120 mL 4 H
B g 3 ARG A BUKAH , 61 4 IR @ B A2 UK (24
170 mL) , £ 10 g TO/KGRERFINK )G , 7€ 20 "CK A iE
R R Wi ZRFH 5~10 mL, W45 RS E 10 mL
R, AW E 0.8 mL, F “SEH W hein it e 5 =
1 mL, 28 0.22 pm JEMELE U S5, FVRCRE €233 - s B 5 33
A,
1.7 A&
1.7.1 Bk sir

¥ H Dionex Tonpac CS 17 AT AE (4 mmx250 mm)
5 Dionex Tonpac GS 17 R34 (4 mmx50 mm) ; LA
3.08 mmol/L HGERTRIA AT ENAH , T A 0.8 mL/min;
FEIRFSHITE 15 C3 IR 10 WL RHFEM &AL R
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SR I AT, B R AR 5.0 Ha, B2 P EA
ZATHFAI 15 min,
1.7.2 AR - B S5

{5 . K CNW Athena C18 {4354 (150 mmx
4.6 mm, 3.0 pm) ; LA 0.1% H B K W (A A7) il H i
(B A1) NS M 0.6 mL/min; ¥ 40 °C; HEREIR
S who B REVRIRE Q0T (I Sh AR He A1 25 AR R 43
) :0.00~4.00 min, A #HH 92% ZEVEMEE 5%;4.00~
5.00 min, {5 5% A #f;5.00~6.00 min, A # 1 5% |-
T+ % 92%;6.00~11.00 min, f£3F 92% A .

|pigr 3 L oy N WA = 3= (atmospheric pressure
chemical ionization, APCI) & 115 , 855 ik 45 Arb, 5l
P 10 Arb, L HE 2 Arb, B 15 i & IR
300 °C, 75 K Z I E 400 °C, VRSN Wi =, NDMA
FEE TN 751 T B Tl 43.1 A1 58.1, NDMA-D, £} 5
TH 81.0. FEFH 46.0,
1.8 K774 4 DMA . TMA 5 TMAO & &8l E

B 0.2 g K= R TR 10 mL 1% Jit & i &
TCA $EBUKFEATHIAL L, DMA \TMA 5 TMAO & 1t
BT,
C,xV

m

A X ORI ER R RN S, me/g;
C. M P AR 2R3 B 26 0 R A I 4 o TR
mg/L; V R FE SR BOR B e AR, Lym SWFE S T, g0
1.9 HdliAb3g

AT RIS ST R 3 R, S50 LYl Ar v 22
For o

Xi:

2 HR55H
2.1 BTk AL
211 AFE SRR AL

DMA . TMA 5 TMAO )@ il 5r & | m Kk &
RALE PN, X LAk A W1 = KV 1 5 s A Pk e
T HAE S 4y B b B AT (AT . BRI,
FEPHES T2 3t il A b, B AT 55 0 ol B8 T v K 3k A
FEMTCALBA B (10 Lit \Na* \NH,* \K* Mg . Ca®) i f
BT 45 5 T &, i U™ B T4, R0 & DMA A
TMA 1 pKa {EYR T 9, 785 B P 5 H 2k bk e i
KU FRER T, RIHETES, HAEih 57
MLFHES FAIMRL. PR, S SE B0 H bR B9 AR5 B, w2
VEFH B i sc e 5 i AL S e Bt 1 PH B A e (i
R, IR HESE 73 (R B 5 43 B e 07 B DR A 21 3 S L
LoTE

BT ERF R AR RGBT 4 3 HERE
BT A B O A, AL FE BRI CP-1 & CC-3L B i
CC-9 {13 FE } Dionex lonpac CS 17 (184, 5 167 ik

HIXF DMA TMA 5 TMAO 43 B3R B AR B 40 AT, OF:
DL G2 Tl PR 5 T R IR R T, 275 PR FEXT DMA (TMA |
TMAO % 6 Fivi WICHLIHES + 19 73 B fig . TMAO 19
o 5 ZEAE AR PRI B R AT . B CP-1 ikt 7E
35 ‘CAl 3 mmol/L. H e ik iR ¥4 W 4% 14 T, AT S
DMA . TMA 5 TMAO 5844 & ,{H DMA 5 K&
A (0T, TCk 8 B B4 o 80 s B 2R LAk 30 “C
1 mmol/L H % it FR S W 5 , DMA 5 K43 & JE $2 7+ &
0.8, (B 7r Hrivt A #E K % 1 h, BEH CC-9 (3% A 7E
35 “CHl 4 mmol/L HBEREFRIA W 55144 T, TMA 5 TMAO
TCVE B & 2 30 CAI 2 mmol/L F R ik 2 15 Tk 5%
)5 , TMA 5 TMAO 43 B4 0.83,DMA 5 KAl 523
A3 B B A BT BT R 40 min, BEH CC-3L f8 3% F: 78
30 ‘CHI 3 mmol/L H e s R 15 W 4548 T, X K . DMA |
TMA \ TMAO Z£65 0 B RUR B, Horf TMA 5 TMAO
SYEEER 0.81 A M AT 1 he

Dionex lonpac CS 17 €& 1% A (9 5+ 4 3% 40 &1 1
Fim

a 10

{553 /pS

0 5 10 15

5} [A] /min

b 80

60
17}
=
[
% 40
o>
1\‘11_:

20

0 b—ro . .
0 5 10 15

i (] /min
a. BRIV S TR s b 89 0 R INAR B 1k .
1 BF&iE
Fig.1 Ion chromatogram
& la 7R T Dionex Ionpac CS 17 @ IEH:7E 15 °C
1 3.08 mmol/L F ¢ fif FR 75 ¥ 2 £ T, DMA [ TMA 5
TMAO R & bR A @5 . DMA TMA 5 TMAO
FEARE B IR FL L 4 B IR X FRIQEL , Bk TMA 5
TMAO (53 BB 0.85 (R EMASMHTHTRIZEET 2 15 min,
UESE 17 X B AR BT i S 80 B BE 1 5 181 1b
iR T Dionex lonpac CS 17 @ iEFE7EAHF ik 214 F
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PG £ RIARE TR 25 B 1 . 7E R A B T4
T,DMA . TMA 5 TMAO JEAGERI AL LR 45, i — 20
UEB T AR 7 vk AR SE PR A i T S e bl . 25 b St
T3 B RCR N 43 B I T4 Ry D0 A o, e 2438 ] Di-
onex lonpac CS 17 B iEAE H FIa 8504 .
2.1.2 B OISR AT B A LA
2.1.2.1  FREUAFI SRR

275 CHR[32], W — A LREWAE N DMA [ TMA

5 TMAO BYFEEUA . SR, Mk R =R LRI e
FIABFH ST, 2wk s & 5w sk, b
PEAL PR BRI B RIR EE RN EE B T4, R HE R T
AR BT R B =R LR W (1% 2% 4% ) R EE7K XN
P 5 01 R ity R S o 655 £ 5L S5 p H AR 5 i i s
ELERINZE 1 MK 2 FiR,

H e 1 AR 2 Wl dliKAVE M R HOE IR, 3 F#h H
B RO 2 235 I ARAIG s BL AN, Sl IR T 2 kA

F 1 REHREUR X LR EE £ i G i RE 45 RS20

Table 1 Effects of different extraction reagents on the determination results of actual cod samples

mg/g
s Y R i £ R R
FRIAH
DMA &kt TMA & it TMAO & it DMA & i TMA &t TMAO & it
4li/K 2.24+0.03 0.00+0.00 7.64+0.03 0.94+0.04 0.00+0.00 23.54+0.13
1%TCA 2.48+0.01 0.00+0.00 8.10+£0.01 1.15+0.05 0.00+0.00 24.29+0.14
2%TCA 2.53+0.05 0.00+0.00 8.02+0.05 1.18+0.04 0.00+0.00 24.05+0.11
4%TCA 2.51+0.03 0.00+0.00 8.12+0.05 1.25+0.01 0.00+0.00 24.16+0.07
* 2 FERBUKFIXT INAREE & fil 7E 45 R RS20
Table 2 Effects of different extraction reagents on the determination results of spiked cod samples
Rt B 4
1 g
am] DMA Frhl/ DMA [l TMA $rhd/ TMA il TMAO & TMAO [fl DMA &4t/ DMA il TMA rhi/ TMA [il - TMAO # TMAO [7]
(mg/g)  WeFi%  (mglg) W% w/(mglg) WK%  (mglg) WK% (mgle)  WORI% w/(mglg)  W%/%
alizk 3.18+0.04 57.57 0.74+0.05 74.14 9.91+0.05 52.57 1.68+0.06 55.10 0.52+0.04 48.95 28.66+0.06 63.13
1%TCA  3.88+0.04 99.86 1.06+0.01 106.33 11.02+0.05 80.86  2.25+0.04 86.30 0.91+0.05 8545 30.10+0.16 89.96
2%TCA  3.88+0.02 94.17 1.04+0.02 103.76 10.96+0.00 8245 2.24+0.04 81.88 0.96+0.02 89.97 29.86+0.11 93.49
4%TCA 3.90+0.01 98.70 1.04+0.01 103.90 11.05+0.02 81.41  2.22+0.04 71.43 0.92+0.02 86.08 30.12+0.13  98.05
WA R B AR A PR RREVERE . M2, b EDE R UERBUAR Y 5 mL, REH T HRIKEL

FT R R 19%0~4% B = LTRES WX DMA [ TMA 5
TMAO MHRBUSCR I B Falik, LiaHaE, fia
WEEN 1% 1) =5 LRI WAET PR = SR EH AR i
[l N =8 g e B A g R = e B 7 W2 R
AR TOE M 5 ke A . B, ek 1%
A LTRSS WAE i A ARG
2.1.2.2  FREUEFVIAR AL

FERAAE 1% — 5 LR BON e e B BG4 I i

(1~4 TR) XoF s B35 £ 45 iy S I o B35 £ 4 s 7 DMA
TMA 5 TMAO & R52m , 25 8N4 3 F3k 4 Fis.
FH 3% 3 RN 4 vl A1, Y4 BORECH 1 ke, 3 FP H
FRA g [RDSCR S A TR B AR KT, 28 I SR S HIUR BB S
IS A o () e s . YRGB & 2 Ik
BF, i B AR P R ) B E R T T oE , B
WU TR O IR B Bl ) T, i — 20 3 Bk 5k
(3.4 ) FFEAAT SR MR (W Ge T2 i 45 i, R 3

®3 REERNLRESEHRINESROZMm

Table 3 Effect of extraction volume on the determination results of actual cod samples

mg/g
o e i fa Fr 540 P RE
PR AL
DMA TMA TMAO % & DMA & TMA & & TMAO %+
1 2.27+0.02 0.00£0.00 7.52+0.01 0.97+0.08 0.00+0.00 23.6620.09
2 2.48+0.01 0.00+£0.00 8.10+0.01 1.15+0.05 0.00+0.00 24.29+0.14
3 2.45+0.03 0.000.00 8.04+0.07 1.19+0.05 0.0020.00 24.52+0.24
4 2.41+0.07 0.00+£0.00 8.05+0.17 1.20+0.08 0.00+0.00 24.7220.21
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Table 4 Effect of extraction volume on the determination results of spiked cod samples
- e £ % £0 R
vk DMA % DMA [  TMA % TMA[E  TMAO { TMAO [ DMA ¥ DMA [ TMA {5 TMA [ TMAO ¥ TMAO [1]
i/ (mglg) WK% i (mglg)  WCRI% 15 (mglg)  WCRI% 15/ (mglg) WCRI% H/(mglg) W%  H/(mglg) /%
1 3.62¢0.01 6271  0.71€0.05 71.36  10.69+0.04 38.06 1.75+0.04 44.62 0.45+0.08 45.13 29.65+0.08 22.84
2 3.88+0.04 99.86 1.06+0.01 106.33 11.02+0.05 80.86 2.25+0.04 86.30 0.91+0.05 8545 30.10+0.16 89.96
3 3.85£0.03 114.25 0.97+0.02 96.86 10.91x0.11 100.37 2.11x0.04 73.59 0.86+0.03 80.25 29.68+0.17 119.33
4 3.81£0.03 12049 0.97+0.05 96.55 10.98+0.14 114.08 2.18+0.05 83.38 0.91x0.04 8523 29.28+0.25 120.76

P BOR SRR K | B AR B R, ELI
TIRRNEAE S R ek an v A iy o . R AR Y B
LHHE 1% — A LR R RBORECH 2 0, BAREL
R 10 mL,
2.1.2.3  Hribisn AR p e

BEXEIK = il OO0 HR A 1) L 543 B 4% IR 7

R Rl T ¥ AL B8 LAAE BT 409 09 IR i
UE DMA \TMA ' TMAO [ e RS Sk i 296 3 P ) o
IR, % e 28 T IR Cobe L AR e A = G e o
FRE AR RICR B E RS DS 3 1 52 1) 5 7 L S A
b iR AR R, R HEE T 1.2.4 mL
G X i A A i R SR A R R E BR A R

R S TERTAL B R o R AR FUABUE SUOE AR R N RIS, sk 5 FI5R 6 R .
75 25 H AR 11 503 i 1 Gl 31T 609% ) g 1) B2, A% FH 3 5 FI3R 6 FIAL U 2 mL =S e R A 4L
x5 KA SERRES & i E 45 R AN
Table 5 Effect of purification reagents on the determination results of actual cod samples ,
mg/g
st AE S AE e AH
DMA 513 TMA 75 TMAO 73 DMA 7 TMA 75 TMAO 7% &5
Jc 2.10+0.03 0.00+0.00 7.15+0.02 0.95+0.02 0.00+0.00 22.51+0.05
2 mL IECE 2.27+0.06 0.00+0.00 6.94+0.23 1.01+0.02 0.00+0.00 22.78+0.15
2 mL " E e 2.18+0.06 0.00+0.00 7.26+0.16 0.92+0.07 0.00+0.00 22.98+0.16
2 mlL =G 2.48+0.01 0.00+0.00 8.10+0.01 1.15+0.05 0.00+0.00 24.29+0.14
1 mL =5 L 2.36+0.02 0.00+0.00 7.54+0.03 1.02+0.04 0.00+0.00 23.69+0.09
4 mL =& e 2.50+0.01 0.00+0.00 8.06+0.17 1.12+0.03 0.00+0.00 24.11+0.21
F 6 AR INFRES RN E & R
Table 6 Effect of purification reagents on the determination results of spiked cod samples
ik JE i 0 Jr fid 11 AL A
stx DMA ¥ DMA [ TMA 5/ TMA [[l  TMAO # TMAO [Hl  DMA & DMA [ TMA  TMA [H TMAO & TMAO [
B/(mglg) WCRI%  (mglg)  WOR/% H/(mglg) WCR/% &B/(mglg) WOR/% Hi/(mglg) WR/% &B/(mglg) WCRI%
i 3.03+0.01 58.75 0.58+0.05 57.81 9.68+0.02  69.26  1.74+0.04 59.18 0.60+0.02 55.66 27.15+0.22  48.64
2mL1E  3.50+0.05 87.07 0.82+0.03 82.22  9.90+0.02  92.56  1.75+0.03 53.49 0.65+0.02 60.42 27.77£0.20  62.58
ke
2mL = 3.12+#0.06 5890 0.72+0.01  72.00 9.97+0.09  77.39  1.66+0.05 55.44  0.60+0.06  55.89 28.09+0.21  67.07
A e
2mL = 3.88+0.04 99.86 1.06+0.01 106.35 11.02+0.05 80.86  2.25+0.04 86.30 0.91+0.05 8545 30.10+0.16 89.96
B
I mL = 3.60+0.05 86.59 0.88+0.08 88.39 10.67+0.07 95.89  1.95+0.05 71.28 0.87+0.03 81.40 29.53+0.14 96.01
A
4mlL = 3.86+0.05 95.39 1.00£0.00 99.99 11.11+0.02 87.76  2.21+0.05 85.38 0.90+0.03 83.94 30.35+0.23 111.72
AL

5388 NG BT V8 1 L IOR, Ha AL BCR 5 MR L T
HARPIRE A Gl R =W By 1 mL I, 3 Fh
FUBR 1 1T R AR, R WA AN T2 03, R BT T 4T 4
B4 25 AR 2 2 mL B, 2% HARY) IR
FRTIFE TAE , Ul AL RCR R4 4k S

F 4 mL, [FISCRIE AR B B4R &, R 1A LI
THFESRTALBERT ], UL, 25 G bR 5 20 1 i
FE 2 mL =G e A B R AR

IEAN, % S 7= i 35 5 1 B PR R P i
KSR (T R s RS Rtk . AR
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TEFAL G HE— 2038 2 55 8 250 (40 10 000 r/min, 10 min)
FBRFR A B A IR AR SO LR L 18
AT b 2 R AR i A T e XU, AN AR 54, e
SRR (ORI o
22 JriEsEVEMY
22,1 SeMEIa RN R

53 ) #% I i br o A W, SR P R K 8 R
B MU I 1 — 2R 51 AN [R) e B 6 A9 DM\ TMA 5
TMAO R AR R . VA4 B AR T 8 vk o H AR
a, LAAS B bR 04 06 1 Bk DRAR B A ST A ofE il 2 ]
7R S5 BoR 3 A BRI e A S RN 2
IRt &R M R EU(R) KT 0.999, DMA

5 TMA 5 F A 2.5~50.0 mg/L, TMAO ZE14:75 [l 4
5.0~100.0 mg/L, 77 1% 15 1 B LUE B L (S/N) =10 Xf
Jof ¥R BE AT AR SAL, I 2589 DMA (TMA #1 TMAO 1Y
SE R FRAM5028 0.17.0.21.0.25 mg/g.
222 JrikiER R SRR
SR FH I [T s 2283 o) ok 1) TE A 55 0 8 R

TPV o B ST E M, 43 5] ) 5 0, l*ﬁi(/%FJF
F 02 g, KGN 1.0 g) 550 (0.2 g) i
JAG R 3 U B KO TR A AR WS T, FE R T
AL BRI E BT 6 A ST IR ;s %
LT R A6 30 d PEATREAN M K S 6 Rk ST
RIS, 25 R WL 7 PR

RT AEEMENBEE
Table 7 Accuracy and precision of the method
i £ PURE (AR TRET) el f0
ey N N
i TN o A OB gy TR g gy TRy IS
(mg/g)  MIKCR/% 0 [0 4/% 0 (mg/g)  MIHCR/% S W 4/% o
DMA 0.25 1.11+0.03 64.77 5.95 71.62 2.79 1.64+0.01 63.83 1.82 69.66 1.93
1.00 1.18+0.05 66.60 4.40 69.18 2.58 1.68+0.02 77.24 3.53 75.74 2.19
2.50 1.08+0.03 66.00 4.99 65.06 1.94 1.68+0.01 72.26 1.57 71.63 1.99
TMA 0.25 0.00+0.00 61.77 7.65 64.92 4.52 0.14+0.04 81.54 6.07 90.52 5.58
1.00 0.00+0.00 71.45 7.15 69.05 10.76 0.13+0.06 92.39 3.86 91.68 2.79
2.50 0.00+0.00 68.13 4.59 67.64 2.58 0.12+0.06 89.35 3.87 86.86 3.69
TMAO 0.50 24.24+0.19 94.24 3.03 101.17 1.12 5.45+0.19 78.86 2.32 75.52 1.52
2.00 23.63+1.25 119.71 0.54 112.62 0.61 5.42+0.22 73.98 2.45 73.31 1.74
5.00 23.33+0.28 87.91 0.45 85.48 0.41 5.36+0.22 79.70 1.10 77.86 1.34

H 2 7 nlA, BARY H A RER 61.77%~
119.71%, H WA 5 R 22 R 0.45%~7.65% 5 H AR
H [E]F- 247 [m 3l 64.92%~112.62% , H 18] FE X6 A 14 g
%4 0.41%~10. 76%0 25 BRI TS B B s T

2.3 SEPRRERL A E S5 R
S AEA BT ST ST 1 73T 5 A AR S PR A A i
AR P S T S, eI B 4 o AR 4 K™ i (Bl
gz SR FER R IME ORI R FERE A

TEXS T 2B 0 FE B DMA (TMA J2 TMAO fillsE  DE i #e v, [R2B 30 3 SV BE K bR B fE A k47
HAT# E‘JE%&%E% P, BEUS I L SCPRAE R 0BT TSI, S5 RN 8 P .
HIEK H12E 8 W, BT Jnbs e it B 0 B9 S 225 [l i
F 8 4T HIA~RmMIRIRIE
Table 8 Spike recovery test for four types of dried aquatic products
_ —_ it 22 fi 4t )y
) W (mefe) AJEAE/ (mglg) AR g/ % RSD qyp/%  AJEAE/ (mglg) AR qigp/% RSD qs344/%
DMA 1.00 0.18+0.01 76.41 3.75 0.22+0.01 81.52 4.09
TMA 1.00 0.04+0.00 73.23 3.66 0.03+0.00 62.04 4.71
TMAO 2.00 0.97+0.01 99.85 5.19 4.77+0.01 79.94 2.32
BN IR/ (mg/g) — AR — ST
ARJEAE/ (mglg) AR gip/% RSD /%  ANEAEH/(mglg) AR s/ % RSD q5541/%
DMA 1.00 0.04+0.00 75.73 2.47 0.32+0.01 75.21 2.47
TMA 1.00 0.040.00 69.25 4.00 0.05+0.01 62.14 1.27
TMAO 2.00 5.81+0.01 80.48 1.92 5.33+0.03 76.31 1.43
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N 62.04%~99.85% , F I A2 1 AH XT bR o D 25
1.27%~5.19% o %45 RTG53 1 5 k5 0 e B S50k
PR W SEAR TSR, AR T AR AN [ R0 S T3 K ™ b
L E B R Bl M S T AR
2.4 JEfEfa 7oin T B R TS5 NDMA 183
KRBT

S BTG NDMA 78 2% 86 £ 5 0 T A5 v A A Rl
I S AT 0 A GG ARG MR R T S8 T

FRRUHE 38 XU 45 - 5 T 06 o) - O T - e T . B R
[] b U e % £ JUR) R HAE 3R SOG4 Ty 5 AR R A
wn, R BT 2 ST 4 2 - £ i ik ([R) 25 T 5E DMA L TMA |
TMAO) 5 WA 3% 2 (e NDMA) , RGN T
S BB BARME A S ARk, BT TR B S
TR, R T ARSI TR B 5 NDMA 7%
L TA R ETR TR, g5 R 9 fE 2 Fis,

*®Y RIEGFMILREFR NDMA K 3HEIGTHUESE

Table 9 Content of N-nitrosodimethylamine and three precursors in the whole processing of roasted cod fillets

I DMA % ##/(mg/g) TMA % #t/(mglg) TMAO & #/(mg/g) NDMA & it/ (pglg)
Tk 1.15+0.03 0.7620.06 25.50+0.82 0.00+0.00
IR E L 1.98+0.10 0.80+0.12 20.78+0.67 0.00+0.00
VLIS 0.55+0.01 0.18+0.01 6.43+0.88 0.00+0.00
RiRB % 0.68+0.07 0.00+0.00 6.26+0.11 0.00+0.00
PR T 0.62+0.02 0.00+0.00 6.19+0.03 0.85+0.06
BT H 0.52+0.02 0.00+0.00 5.15+0.16 1.25+0.04
160 “CH5 il 0.38+0.00 0.00+0.00 4.87+0.26 1.95+0.04
170 “CHz il 0.41+0.00 0.00+0.00 5.16+0.25 1.68+0.02
180 “CHE 0.37+0.01 0.00+0.00 4.62+0.62 1.9120.05
25F —— DMA 230
a N ——TMAO

oo 20F —— NDMA =

=< Tep o0 -

3 y TMA 1so E)

W e E =

dn s ok <

=== {10 2

gzs g

Z7% o5 =

< A5 X 2 2
R B S T e
R e (o e

[l — 81 ARG TR IR 225 35 (p<0.05)

B2 kEfa T LRE+H NDMA K 3 Maidyishias
Fig.2 Trends in NDMA and three precursors throughout the processing of roasted cod fillets

2% 9 AL 2 mIA1, A ERRIN T B I gk F v
TMAO % FFEEEBE DMA 5 TMA &892 T,
A 2L TMAO B IL IR R A2 3K 5 Lee 239
W as e —8. SR, WBRBY B TMAO 5 & SRl %
%, (H USR5 72 1) DMA 5 TMA & iR H % A 1
T, B 2D X5 R A P A D AR A AR AR
AR S o T RE SR R T 2500 1 B R SO B (D
JE pH (B AR B K= ARk b BT e o0 ) A R R T B
ARG, T BELIT T TMAO [5] DMA 5 TMA /)
WMFAER, FEMIRBERE TMA EKS
DMA i ) T, MHR/R AT BEAF7E TMA 1] DMA %4k
R R TMAO 7 24 5 (25.50 mg/g) o 45T
OB R, MR E RS BB ETHEY

6.43 mg/g, X FLIH K T KPR R JOrT i & A ry AR
B R o A0 SRR T S BEIE By B, TMAO & i &2
I T R a3 AR R B 2R/ | B e i AR i a2
HRAY A DMA (9 [R1EsE, m BE -t 41 i) 7 HeAth 43 i
AR, DMA & FEAE AR 2 A (AR BROXUT 8
H 5 (P b B R B2 B R S AR A . AR 7 R
DMA 19 B o £, & & ARk 5 NDMA 11
A I B G S R E RO TR T,
DMA & NDMA JE W% 32 BT AP i . NDMA 7¢
TSRV VR IR A AR T AR SR BRRUCT
(I AFEEN ) K S 252 T v T B 1 b e B B I 0y 1 B
BRHTRL B o IR] RN S R TE S, v R S B
# NDMA A SC 8 S 8 1, HOE A A — 1~ B
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0 AR A B )27 B

3 it

A5 A A A AR B S S i T
IO UE T[] 25 0 5 7K 77 i HP DMA \TMA 5 TMAO Ay E
RIS Pk . AN A SRR, DMA \ TMA
5 TMAO & HEBRST 510 0.17.0.21 mg/g 5 0.25 mg/g.
FEARTRINAR KT, 3 i H br P 7 5 fa 56 5 (9734
R 61.77%~119.71% , 3T 5 HEAR 22 0.41%~
10.76% , 2 W% )7 i B RAF A IE W0 SHE % 5, re il
JEE B BAR YR BT EOR . 2Ok 5
- TSR B ARG A A T 18 T K Tl
K7 NDMA K HFr R4 16 22 B Bs P 6z i 43 A {4
Fo MR FO6 e a7 T A i R R AT R R
M, 25858 T DMA . TMA . TMAO 5 NDMA (132548
feRid, 520, DMA 5 NDMA %4 a5 P g %
AHSEE , IESE DMA 2 NDMA FE R A4 B 32 R 8 5 ; )
BF, NDMA {UFE XA 2 5 S0 B B 1, 1B
T T ik 2 TR NDMA AR i et T 24+, A
TFGEAAL R 7K 7 it v NDMA - K LR A 14 i) 25 46
PEHE TR RE T, o BB N T A R NDMA (945 1
BT S O s ) s AL T SEAR AR

B 30K -
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