B AR R
—672— CHINESE JOURNAL OF FOOD HYGIENE 2024 4F5 36 £4 6 M

2HRHBEREF &

B S rh B-N-F Z BE-L- N L[] 4 e A A By ARG 7 i

a1
B
@

IRVEBHRLFHLRME R KA
(1. A K AET A%, #ME HH 4210012, FINTRHER G EEH B, K EY 518055)

W OE.BN R ERES P BN-FRMA-L-R A (BMAA) £ &% A T 6-R Sk & -N-7 5 5830 5 T 5 %
VLA (AQC) AT A AR IR MR M ik, TR ST B A SRR Rk sh P BMAA £ & F 0 F£KF. Ak #HRER
KA RAKS AQCHTAB R MR Z A RAMEEFHERAEIN 2HEALENIFELE, R EALKMWHEHE0.25~
100 wg/ 1,3 4 BMAA £ F £ MX A8 £ 0.998 2L b B IR 15 mg, £ £ 20.0 mL B, 38 £ 4R & P
BMAA N-2-5 T W £ 8 (AEG) #» 2,4- = & L T 5 (DAB) 49 4 8 I % %1 4 133,133 4= 200 pg/kg, & R 5 51 4
443 443 F# 667 pelkg; B F L 86. T%~126. 0% Z 18 A0 AR M 2 4 1. 1%~14. 0%, B = 3 £ 4514 5% 7 DAB &
o (86%) % &, kA AEG(23%) A= BMAA(14%) ; £ 4 th 49 4 5 DAB.AEG fe BMAA R JF 56 B AR K A
385~2 305 ng/kg.250~518 pglkg #= 472~698 ng/kg, LEIR  AAF LA 6 AQC AT & -3 T B R k4R AF B 18] 42 E A
W&, en e E = EFRESR T BMAA 2520 FERTES, RiREM,

KT o RS B-N-TF A -L-R A5 (BMAA); 2,4-= 5L T 8 (DAB); N-2-A 2k # A8 (AEG)
PESES:RI55 XHFRIRAD A X EHE:1004-8456(2024)06-0672-08

DOI:10. 13590/j. cjfh. 2024. 06. 006

The determination and pollution analysis of 8-N- methylamino-L-alanine and its isomers
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Abstract: Objective To investigate the pollution levels of algal health products in China, the liquid chromatography-
mass spectrometry method based on AQC derivation for BMAA and its isomers in algal health products was established.
Methods The samples were treated by acid hydrolysis, nitrogen concentration and AQC derivatization, and then
analyzed by ultra-performance liquid chromatography-tandem mass spectrometry, quantified by internal standard methods
of two commercial isotope standards. Results In the linear range of 0. 25-100 pg/L, the correlation coefficients of BMAA
toxins were all above 0. 998. When the samples were 15 mg and the volume were 20. 0 mL, the detection limits of BMAA,
AEG and DAB were 133, 133 and 200 wg/kg, respectively. And the quantitative limits were 443, 443 and 667 wg/kg,
respectively. The recoveries were between 86. 7% and 126. 0%, with the relative standard deviations between 1. 1% and
14. 0%. The detection rate for DAB was the highest in all samples (86%) , followed by AEG (23%) and BMAA (14%). The
concentrations of DAB, AEG and BMAA in the detectable samples were between 385-2 305, 250-518 and 472-698 wg/kg,
respectively. Conclusion The established method based on AQC derivation LC-MS/MS method is more efficient and
accurate. The levels of BMAA toxins in domestic algae health products were relatively high, it should be paid more
attention and to strengthen the supervision.
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Figure 1

S BMAA J2AE TR B Al b i kgl & B e
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W1,95% I 1 9 £ 7= /E BMAA 8%, B Y H 5 1
B, LT BT A 0 S A B ) 7 42 BMAA R,
BE AN FE/NERHES AR T K T BMAA
Ro AR, BAE LT AR, AATx 8 e
i A B SRS T B o R AR (e A ol T A S T
T F) €0 DI 25T o 32 77 R, JHG o 1 TR 3 22 O 1R e
BENBREEAEY, A S AR L T RE Y Rk BMAA
JE T R A A 5R B R KU, (5 R X g R A
i O BMAA 263 R 1O A A A A AUA
2013 4F i — A A 4R 25, HOURGE T BMAA AN
DAB, Jf A 3G i 2 H 2 M B K Y 8] 4 S 4 44
AEG, [N WA 0 B2 0T 8 [ P4 T 8 2 AR i A b
BMAA &35 R 175 Y KP4 .

FIHT, BMAA d5 5 FH AR ARG I 7125 2 YAH €0 1% - A3 K
J5t % 5 (Liquid chromatography tandem mass spectrometer,
LC-MS/MS)"™, F v SORR 4 2 75 477 A6 A B 43 S A7 A2
BB NTE . BT BMAA KHE R TR/, 5
52 IR R A IR B I, A 2 24 R oA ) e B ]
T A= TR A AR R0 O 6% 6k s Ik 5 -N- 52 BE B 31
Pt M7 22 I HF 182 19 ( 6-aminoquinolyl-N-hydroxysuccinimidyl
carbamate,AQC)[mo %4 AQC fiTHJ5 BMAA KEZER
SR LT T R R A MR AL S W, TR R (T AT
HAT S0 (0 08 B R0 B R L 2007 T M — AR
3¢ [ 43 Hr ik 2% K P 25 (Association of Official Analytical
Chemists, AOAC) J5 1% 50 1iE 5 g #F 17 £ 35 1F 19 J7 ¥
CEEXT B ORAE ) TR —Fh [ A
B [ Z bR AE(BMAA-"N,D)AE N FRPIEREE 3 Fh
BMAA ZE5 5, {H 1% W bn 4 JC Rl AL 7= i 5 B4k, %
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2SS, BN TREAR R AR IEZFIRER . A
W SR 2 A AR TR A7 3R A fE BMAA-D, Al
DAB-D; 2 P R 5 I i Joi 280 17 A il i 42K 19 AQC
T A= WSS ) O 1%, OF L T e 2R AR A A b 3 R

Chemical formulae of BMAA, DAB, and AEG

BMAA Z57 K 175 Y 8 A& 437 o

1 #MR5H&E
L1 FE2UEE 5]

Shimadzu LCMS-8060NX & &4 ¥ #H €4 335 51 1% X
FHAL CH A 8 d 28\ 5 XS205 430 # ot 7 K (B -+
Mettler Toledo 2% &) ; Milli-Q 1Q 7000 4 4l 7k #L ( 3
Millipore 2y 7l ) ; Centrifuge 5424R &2
HL (7% E Eppendorf 28 ®] ) ; ED115 1 #2 46 (18 [H
Binder A H]) ; DC-12 ZMKAXL (1 ¥Z35A A ) o

e R oy Aral, ) WAL 2E R A D R H
R (TR 9, B2 Al ) s FEE (g 4l , 25
FEB CAHE R A W] 5 525 FH Ky 2l K (L BH R >
18 MQ - cm) ; AQC A7 A2 i 5 £ (3 [E Waters A H] ) 5
0.22 pwm PVDF 38 B ( K HEHE BB A F] ) ; BMAA Al
DAB A5 & (41 F 99%, 35 [/ CFWLABS A 7l ) |
AEG #5 #fE fbh (46 98%, 3 [H CFWLABS 22 Al ) |
BMAA-D, b #E & ( 4 B >98%, [ | B Eurofins 24
") ) . DAB-D, #5 #fE i (46 B 99%, it % KX C/D/N
/NP
1.2 BRI W
1.2.1 BMAA 5 3 br o it 25 W A9 TC

T AR G bR HE S T S mL AR, B
20 mmol/L £k R ¥ W W5 % J5 o2 2%, T vk R
100. 0 mg/L M B AR MEfE 25 W, 7E 4 CN A7 -
1.2.2 BMAAZEEFEIR A br il TAE R B

53 53 B BMAA 253 R (BMAA .DAB AEG)
FABRMEARE & 0.5 mL il A 5 mL & &M, H
20 mmol /L £k 2 % W A8 25, Be il v B2 10. 0 mg/L
PR B AR e TAEWR 7€ 4 CTF 67 -

1.2.3 BMAAZRERIRA NS TAEB M

32 B BMAA 288 R N AR A A o A A
W 0.5 mL A 5 mL ZZ 54, H 20 mmol/L #1/2
VS TRE 5, T ) BV BE A 10. 0 mg/L TR A bR T
VEW A 4 ‘CTFAETE .
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AW
1.4 FEahanab 3
1.4.1 RFEHI &

J R RE I A SRR M A B R KR
A5, R S0 mL B0 T, E-20 CR IR F.
1.4.2 FESARE

FREFER 2 1S mg BT P, WA 1.0 mL
6 mol/L Eh M2 VAW A1 10. 0 mg/L N A5 IR & Wi & ,
RAIGAE 110 'CF KA 24 he KIREE ARG B RE S
BB E, % 0.22 pm PVDF JE I i g L 7F
12 500 v/min F B0 5 B EEWAE 50 CHR T,
fifi )5 20. 0 mL 20 mmol/L th MW 2 %, H T )5
S
1.4.3 AQCHT4

B 10. 0 L B 5 32 B, AR UOm A 30. 0 L il
R 2% wh ¥ WA 10,0 pL AQC fif 4 7 , IR &) 5 78
55 CF RN 10 min, FE50- 1R 21 I8 A = %= R 5 57

Z) ALY
1.5 fU#s50
1.5.1 WAREIE &1

ACQUITY UPLC BEH C18 & % #+ (2. 1 mmx
100 mm, 1.7 pm, 3 [ Waters 28 7 ) ; H i : 55 °C;
Ui 0.3 mL/min; #EAE 5 10 pLo WBIAH A N
20 mmol/L W R B /K % W (pH=5) .B Jy I B¢ . K B2
YE i 2 ¥ : 0~3 min, 28%~38% Bj; 3~4 min, 38%~
85% B, 4E4¥F 85% B 1 min; 5~6 min, 85%~28% B; 6~
13 min,28% B.
1.5.2  JiE &4k

B RO RmESE E  UE L CR 2 R M
(Multiple reaction monitoring, MRM) , EE K H
i ZAR R E 3 L/min, ISR & 15 L/min, 2
FRLEE 300 °C, JBE %5 700 4 3 B2 250 °C, i B e il B2
400 C, THES WA 5 L/mine H A% i & N ¥R 1Y
MRM S50 1 iR,

2 #R
2.1 Jyikasr
2,11 BSTALER Tk

AQC (K 2) J& — F I T A e ( -NH,) 5 fi i
(-NH-)FERTAT A AT AR, 2 T 06 K5
Fe W SR EIAT A . BMAA KRR EH 2 M, 5

R BMAA K HF LA AR Y MRM 25
Table I MRM parameters of BMAA and its isomers and their

isotopic internal standards

{4 B 1k ] / Pre Pre
gy PO g e 000 g O
min bias/V bias/V

258.1 12 26 20
BMAA 3.62 458.9 .

171.2 22 44 20

145.3 14 19 18
BMAA-D, 3.60 462.1 .

171.2 11 44 12

188.2 23 29 14
DAB 3.93 459.1

171.3 11 35 13

116.2 17 84 12
DAB-D, 3.95 462.1 .

171.0 11 65 25

214.3" 14 30 25
AEG 3.32 459.1

171.1 18 37 20

R e T

2~ AQC R AE RN R I, A L as R e ) & A 2 A
Wbk 3L A B fiT AR AR A . FEIE R AT %2k
YL A 171 F 145 B MR R BT, 3 A
e R 439 BMAA 288 R 1Y AQC i 2k ™ 1) 48 2 Bt
BRI B B B () C-N BT 2408 B, W R 2 & . I
Ab i T 3 R BMAA JEEEF N [F 2 540 14, e 3L 1
P EAFTE2E 5 AT A ) S 7 A R R B T
(F 3): Horh ,BMAA \DAB AEG fi7 4= W 1) 457 fiF T8 F
39 Ky 258.1.188.2 Fl 214. 3, 1] I T X 29 i 1Y
EME . TELPRBEEMEM T, BT LM, RA
171. 1 XF AEG # 47 5E 1 B A7 72 B R T4, i
214. 3 ENERE F.

0 Y o N
R AQC
B2 #E RN AQC Tk 2k 25 ) 5k
Figure 2 Chemical formulae of lysine and AQC

WAH 838 2% 1 R TE 2 2% O A SCHRRGE /Y1 &
T HEAT AR IA B FERR PR S5 4F R SR C18 3 A
A B RE 3 Fh BMAA 2575 K A7 AR W il 48 4%
B RSB T R Y, SOk b A £ A IR T OR
JEH LAY 40 °CL MR A 55 ¢ L ik, RS TE]
%A IR (30,40.50.55 °C) X BMAA 267 K (015
52, & 3R AR 55 °ClE 3 A it A
S L, e A BERE 55 CCHE M A .
2.1.2 KfEEME
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) 5 £ W] I | R B Sy 48 A Ak SRR A ISR
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Figure 3 Secondary mass spectra of characteristic peaks of BMAA, AEG and DAB
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W T XUAT AR T i o 487.2/171. 1 B X kAT
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Figure 4 Mass spectra of lysine-AQC single and double derivatives
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Figure 5 Chromatogram of lysine-AQC single and double derivatives in different algal health products

GLOVER %' Y R I — Ff BMAA (9 [6] i 2 4 A5
(D,"N,-BMAA) [ i % 1IE BMAA \DAB Fl AEG, 1] fig
FEAEXT DAB GE RS WERG A [0 . T i b B
Z AL DON,-BMAA B R Z bR, AT
0 H 7 B AT BV B P J7 2 22 Sl T
FE S HY T 00 3 T A 98 2 R i ot SR IR — B I &R
SEY o JE AR PN B R W v 2SR R
T A AF 5 000 414 2 6D PN %) R 3 P 38, oK Ok IR 5
BLHE— LA
2.2 I EAE R PR S R

FH 20 mmol/L #h R % WK TR A B T T AR WM
B AL 0.25.1.00.5.00,25.00,50.00,100.00 wg/L
B AR A R S0 W, B TS IR & N A AR W
(W FEH 50.0 we/L) o LA H bR ¥ 3 09Uk B Sk B Ak

B, BARBE R 5 A0 N A5 A9 06 T AR L AE O AR B
24 BMAA L AEG 1 DAB (/%5 i % , 15 21 45 Fh 27
R R 2 R, 3 FhaE R &k R ar, M
KREIT>0.998, Xt 38 248 T fin Am A o Chn s ¥k 32
532 we/ke) Hie B 1. 4 v TR Dy ik 2R AT R Ab R RN
AT, LA 3 ASAE MR LA A RR 10 A5 15 MR LR E i
B, 2 515 51 BMAA (AEG il DAB AU H FR R 133,
133 H1 200 pg/kg, & 1 BR 4 443 443 Fl 667 ne/ke,
s A2 5V ARG T 5 5K
2.3 EGRME RO %

PL 3 FEg AR B 2 A AS R R 2
(A 45 W EE 38 R4 88 ) DR A 5 Dy 28 VR T, 25 5 5 IR
T3 R EE R M R AKCE, 7E K (532 pg/kg) L
(1333 pg/kg) MIE (6 667 wg/kg) 3 Fh 7K fgm

#2 BMAA . AEG FI DAB AL PE Kt R A R
Table 2 Linearity, detection limits and quantitative limits of BMAA, AEG and DAB

#HE BN LIEEY K R/ (pg/ke) AR/ (pg/kg)
BMAA ¥=0.670 3x+0.003 4 0.999 133 443
AEG ¥=0.393 1x+0.006 0 0.999 133 443
DAB y=2.798 6x-0.087 9 0.998 200 667
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3 BMAA AEG Al DAB 75 # S (R fim o 19 s 1ol Wi 5% (n=6)
Table 3 Recoveries of BMAA, AEG and DAB in algae health products(n=6)

il 75 % INFRIE  /(ng/kg) fi] i 2% / % RSD/% In] i % / % RSD/%
532 126.0 14.0 913 12.0
BMAA 1333 107.0 2.1 117.0 31
6667 116.0 53 103.0 23
532 105.0 23 86.7 74
AEG 1333 126.0 11.0 96.8 2.4
6667 124.0 22 108.0 33
532 97.4 1.1 112.0 10.0
DAB 1333 115.0 8.2 114.0 8.4
6667 88.6 14.0 106.0 12

B DG 5, B A bR KA 6 A A7 45 2 bs
(5] Wiz =2 0 AH %F Bk 78 O 2% (Relative standard deviation ,
RSD) 45 R L& 3, W A 5 S BL B f BMAA (AEG #
DAB 7E 3 /N /KF B im0 We 22 53 5 2 91. 3%~
126. 0% .86. 7%~126. 0% .88. 6%~115. 0% ,RSD <
15% , B A B4 008G 25 2 FTMEaf 1
2.4 BMAAZEHER MY SAKTG G KF 3B

A 5 W S B 1 [ 7 9 2 O i i 32 Dy M
#E, H R R A3 Sk Bl TOU B E R RE DG ARG I 2 2R W
Kl 6. FEEh T DAB KT R i 5 L I8 B 86% , i ih
FE S TR & B 3852 305 pg/kg; HORN AEG,

AR
VRN Ak
-

SRR 23% , K6 HARE S A0 5 Bl 250~518 pg/kg;
BMAA 9K H 3R 149% , K HFE & i & 10 472~
698 pg/kgo X — 45 R i FHEARSEPITE 2013 4R X)
B N2 P BMAA KB Z M AE LR, 1
DAB & & ALK 4~27 we/kg, Ml BMAA ¥ KK .
7 A 22 S D R — O T R RE S A JEORE B TS oK
SEAE O I — T T AN HE B 4 B O vR R S ) 4
O3 A A o M R 2% i TR S AT RE AE AR AR A LA
() A A ST 1 AN HE R T AN NBR /0
BEHE S A T dhh 3 A R AR I H i TR A
BN BT B E

U

32001 3
2800 F

2400 -

(S}
(=3
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(=}

K tH IR /(ug-kg ™)
2 o
(=) e
8 8
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|
|
|
|
|
|
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{
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H A OG T i 2 4k 5 v BMAA 2535 25 114 18 2 F
RAEE AR, HZkAES . W3R 4 PR, B—Bot
FEAN T g KRN TG BE 25 A OC UE A 25 R 5 A B 5T 4
F2MPL . W MCCARRON %" e & K HAE /Y 10 43
FEA TR #R T 490~2 493 we/kg B DAB Al 191~
1 348 wg/kg B9 AEG,{H BMAA K45 Hi ; APARICIO-
MURIANA “5"O582 T VG HE A1 9 F i S e i, 3L
7 RS v B Ay 432~2 408 we/kg 9 DAB,2 Rl

u DAB

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
B S

Fl6  BMAA AEG . DAB FEHE I G it v (9 7 JEE 7K
Figure 6 The concentrations of BMAA, AEG and DAB in algal health products

K 194 pg/kg 1 71 pg/kg 9 AEG, Tl BMAA
W R . R4 ROY-LACHAPELLE 25" 4 46 i
T8 A R B ISR P B BMAA, £ R
11% , K H 4 B A 40~550 we/kg, 5 AR5 BMAA 1
AL R . KRUGER 41 T 2003—2009 4
TR T S bR A 33 b 2R A 45 OR BOR
DAB 24 R S R .

P AT L, LR R DAB R R RRS
WERMmMTEER,AEGC 5§ BMAA RZ , X —FF L5
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Fa4  NFBEFE B AE 5H BMAA K5 5 R L (pg/kg)
Table 4 Comparison of BMAAs in algal health products in different studies (pg/kg)
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