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1. Background 

Food safety incidents occur frequently 

Plasticizer everywhere 

Melamine in milk powder 

Recycled oil incident 

……… 

More and more novel chemical 
hazardous substances are emerging  

melamine 

clenbuterol 

Sudan 
Red 

malachite 
green 

cyclamate 
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1. Background 

hazardous substance 

The challenge to detect 

 
 

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. 

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 ? 

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 

Disadvantages: 
Time-cousuming 
Unstable for standard solvent 
Wasteful for the organic reagent  

497  500 475 448 
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2. The One-by-One Determination Method Based on Database Searching 

Standards 
Preparation 

Data Acquisition The LC-HRMS information 

MS Database  High Throughput Screening Method 

The Targets 

Pesticides 1000 

Veterinary drug 500 

Illegal substances 200 

化合物名

称 

DB-5 保 留

指数 

DB-1701 保

留指数 

分子离子精

确质量数 

碎片离子精

确质量数 

特征质谱图 

香豆素 1453.2 1688.7 146.0362 118.0374 

89.0374 

 

6-甲基香

豆素 

1576.5 1817.1 160.0519 132.0657 

104.0629 

 

7-甲基香

豆素 

1576.5 1817.1 160.0519 132.0657 

104.0629 

 

醋硝香豆

素 

1812.7 2135.6 353.0894 176.0932 

130.1033 

 

 

*about 2000 

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

Screening Result 
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 Advantage：high throughput 

 Disadvantage：hazards which are not in the database can not be detected, 

even the novel structural analogues  of known hazardous substances 

How to explore the structural analogues？ 

For example：cephalosporin 
 
 More and more novel derivatives have appeared 

2. The One-by-One Determination Method Based on Database Searching 
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ß-receptor agonists have a 

phenylethanolamine structure,  

which benzene ring has an  alkaline ß-

hydroxyl side chains, so that they are easy 

to dehydration. 

Phenylethanolamines 

2 
+ · R4 ·R4 

3.The Class-by-Class Screening Method Based on Fragmentation Markers 
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Cimaterol(西马特罗) Clorprenaline(氯丙那林) 

Dehydration - propyl group loss 

fragmentation mechanism of ß-receptor agonists 

3.The Class-by-Class Screening Method Based on Fragmentation Markers 
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Tulobuterol (妥布特罗) Mabuterol (马布特罗) 

Bromobuterol (溴布特罗) Clenbuterol (克伦特罗) 

Dehydration – butyl group loss 

fragmentation mechanism of ß-receptor agonists 

3.The Class-by-Class Screening Method Based on Fragmentation Markers 
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-26 

-54 

-28 

m/z loss 
[M-28]+ ∙CO 

[M-54]+ ∙C2H2CO 

[M-26]+ ∙C2H2 

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

infer that it may be cinnamate esters 

Cinnamic esters 

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

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 
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 MS fragmentation pathway database was constructed. 

 capacity: 1092 compounds 

 includes: fragment ions, neutral loss, fragmentation pathway 

 accuracy of mass number: 0.0001Da 

3.The Class-by-Class Screening Method Based on Fragmentation Markers 
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Similar structural substances have the same MS fragmentation mechanism, MS 
fragmentation markers of a class compounds can be used to establish a "class-by-
class“ screening method. 

52 MS fragmentation markers were determied. 

data base 

 All the compounds in the 
same class have the marker 
fragmentation ions 

 Stable abundance >50% 

Marker1 Marker2 

Determination principle  
of markers 

β-lactams 

HCAs 

phenyleth- 
anolamines 

bisphenols 

sulfon- 
amides 

fragmentation markers 

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

A class of compounds can be found by scanning fragmentation marker 



new banned β-lactam antibiotics in pork: ceftazidime 

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

Example: the substance in pork was screened class by class Based 
on fragmentation marker 

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

 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. 

 

 Disadvantage：the unknown substances 

produced during food process or storage 

can not be explored by this method. 

The abuse of novel structural analogues 

The risk during food process and storage 
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raw material Heating in different conditions data acquisition sample pretreatment 

     

validation the markers  
overheating markers 
determination 
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4. The Discrimination Method Based on Chemometrics 

structural analysis 

The workflow of discrimination method in milk overheating   

21 



4. The Discrimination Method Based on Chemometrics 

Grou
p 

Heat 
Temp. 

Number 

1 50oC 20 

2 60oC 20 

3 70oC 20 

4 80oC 20 

5 90oC 20 

6 100oC 20 

7 110oC 20 

8 120oC 20 

9 130oC 20 

10 140oC 20 

11 150oC 20 

Determination of overheating markers  

Five markers were determined 

The groups of sample 

No name Molecular 
Formula 

Molecular 
Weight 

1 Lysinoalanine C9H19O4N3 233 

2 Carboxymethyl-
L-lysine C8H16O4N2 204 

3 Carboxyethyl-L-
lysine C9H18O4N2 218 

4 Furosine C12H18O4N2 254 
5 Pyrraline C12H18O4N2 254 22 



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. 

Summary 
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