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1. Background

Food safety incidents occur frequently
Plasticizer everywhere
Melamine in milk powder

Recycled oil incident
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More and more novel chemical
hazardous substances are emerging




1. Background

/"hazardous substance I

»Known :  pesticide, veterinary drug, illegal substance ;
»Novel : new structural analogues to known hazardous substances with similar toxicity ;

»Unknown : unknown substance produced during food processing or food storage.
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The challenge to detect ‘

»Known: how to increase the throughput of the method ?
»Novel: how to the explore the new structural analogues?

»Unknown: how to explore it and determine the food’ s safety or not ?
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The solution ‘

-

»Known: One-by-One Determination/screening Method ;
»Novel: Class-by-Class Screening Method ;

>»Unknown: Discrimination method based on chemometrics .
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2. The One-by-One Determination Method Based on Database Searching

Classic multi-residues determination method:
400~500 compounds are determinated using MS in MRM mode
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Disadvantages:
Time-cousuming

Unstable for standard solvent
Wasteful for the organic reagent
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2. The One-by-One Determination Method Based on Database Searching

> The workflow of One-by-One Determination Method Based on Database Searching
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2. The One-by-One Determination Method Based on Database Searching

v" Advantage : high throughput
v Disadvantage : hazards which are not in the database can not be detected,

even the novel structural analogues of known hazardous substances
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For example : cephalosporin

More and more novel derivatives have appeared
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3.The Class-by-Class Screening Method Based on Fragmentation Markers

B-receptor agonists have a
Phenylethanolamines phenylethanolamine structure,
R, which benzene ring has an alkaline B-
1‘{ /H hydroxyl side chains, so that they are easy
c—c\—%f—R_- to dehydration.
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3.The Class-by-Class Screening Method Based on Fragmentation Markers

fragmentation mechanism of B-receptor agonists
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3.The Class-by-Class Screening Method Based on Fragmentation Markers

fragmentation mechanism of B-receptor agonists

Eromobuterol s i
[M-H]" CrHEBoN20 H} % o e i e
Theoretical Mass: 364 9864 P —H ; ’

Expenmental Mass e

B Clenbutenot CogHs™NOC R
U =Ty STTOE30 M =H]" Theoretical Mass " 2770885
L

Prosdunct fons.
2030040 CHEFNClL
I5D0ETI OBy - MOk

0 2371

- T T T T T ' 2 0
= fal e el e .k "
304 ] 3] G = 400

m'r

] : -I i L
400 500 £00

Bromobuterol (J74%%) - Clenbuterol (ReHHS

tulobuterok CrHiNOCE

mabulencdb O DT
100 N\ - 228 1157 [M~H]™ mheorestical Mass 2IB.LLES

oH c1 - FIL13E  PMRTT Theorescad Msss SLL115E
-\\H production ions i \ F““?J':j'-"‘-:: -
)‘{t\ 1 b CeHNCl 1540424 - N ! CelENoFR00 257 0508
\, 1 L.}
* ~F CEEf:NCID 1720552 N B NeF0 255.1042
1 AN A
1 o Y,
= - N AN
SR - .
3 N TEELE]
154 (3158 20544 i B | _ rER ]
| _f 214 o100l | s R TR
D A e — e MUZ 1 ~ O Iy | ¥
40 180 18D 200 220 240 360 . [ h | |

Tulobuterol (ZH15%) Iiﬁalbijterg:l- (E_';?E!I’&?;’)

Dehydration - butyl group loss




3.The Class-by-Class Screening Method Based on Fragmentation Markers

Cinnamic esters
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m/z 131 m/z 103,

m/z loss
[M-28]* -C
[M-54]* -C,H,CO
[M-26]* -C,H,

If the MSMS produces stable peak m/z131, m/z103, m/z77, we can

infer that it may be cinnamate esters




3.The Class-by-Class Screening Method Based on Fragmentation Markers

heterocyclic amines
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Compounds with the same skeleton have the similar fragmentation pathway.
It could be used for the exploration of novel derivative in food.




3.The Class-by-Class Screening Method Based on Fragmentation Markers

»>» MS fragmentation pathway database was constructed.

Compound - Iomization Mass o Fragmentation
. Formula Structure IS
Name mode [ 0.5 A | pathway
EL T - |2 S EUE) S E - |Fs SEXT] S E - |3is - | Flo = [Fd1o
111 Cefotaxime C16HLTNSOTS2 e [ I J [M+H]+ 456.06422 |167.02698 |324.05771 |396.04221
112 Cephalexin C16H1TNIO4S Tl [M+E]+ 348.10125 |158.02681 |174.05466 |106.06541
113 Cefazolin C14HL14NSO453 ---‘::r« [M+H]+ 45503729 |156.01086 |323.05505|295.06027
A
114 Cefradine C16HI9NIO4S — & | | [M+H]+ 350.11690 |176.07030 |158.02684 |108.08105
o | b
HO T
115 Cefadroxil C16H1TN3IODSS L S l“ [M+H]+ 364.09617 (19206534 (174.05476 34706909
el o om
116 Cefamandole CI18HIBNGODSS2 \ " [M+H]+ 463.08529 (15802701 |347.06937 185.03789

m capacity: 1092 compounds
m includes: fragment ions, neutral loss, fragmentation pathway

m accuracy of mass number: 0.0001Da




3.The Class-by-Class Screening Method Based on Fragmentation Markers

»>» Similar structural substances have the same MS fragmentation mechanism, MS
fragmentation markers of a class compounds can be used to establish a "class-by-
9 P y
class “ screening method.

Determination principle
data base of markers

fragmentation markers
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3.The Class-by-Class Screening Method Based on Fragmentation Markers

22 A class of compounds can be found by scanning fragmentation marker




3.The Class-by-Class Screening Method Based on Fragmentation Markers

>>» Example: the substance in pork was screened class by class Based
on fragmentation marker
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new banned B-lactam antibiotics in pork: ceftazidime

Analytical Methods, 2017, 9(2): 6534-6548 IE



3.The Class-by-Class Screening Method Based on Fragmentation Markers

v" Advantage : structural analogues can be
screened class by class, which supply the
solution to the abuse of novel structural
analogues with similar toxicity to know

hazardous substances.

v Disadvantage : the unknown substances
produced during food process or storage

can not be explored by this method.

The risk during food process and storage
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4. The Discrimination Method Based on Chemometrics

>>» The workflow of discrimination method in milk overheating
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4. The Discrimination Method Based on Chemometrics

»» Determination of overheating markers

The groups of sample

rou

© 0O N & U1 A W N =ITO

=
= O

Heat
Temp.

50°C
60°C
70°C
80°C
90°C
100°C
110°C
120°C
130°C
140°C
150°C

Number

20
20
20
20
20
20
20
20
20
20
20

No

1

140

-150°C

I T T
300 2000 -

T T
100 200

0
PC 1 (33.6%)

Five markers were determined

name

Lysinoalanine

Carboxymethyl-
L-lysine
Carboxyethyl-L-
lysine
Furosine
Pvrraline

Molecular Molecular
Formula Weight
C9oH1004N3 233
CsH1604N> 204
CoH1504N; 218
C12H1804N; 254

C1-H+204N- 254 3



4. The Discrimination Method Based on Chemometrics

>» The correlationship between these markers amount with temperature
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5. Summary

¢ For the known compounds listed in the standard or regulations, a one-by-one
determination method based on database searching was developed.

€ For novel structural analogues similar to known compounds, a class-by-class screening
method based on fragmentation markers was developed.

€ For unknown compounds procued during food process or storage, a discrimination

method based on chemometrics was developed.
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