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Abstract: Milk and dairy products are more and more popular with consumers due to their various nutrients, and their quality 

and safety issues have always been concerned. At present, the quality of milk and dairy products has become the core 

competitiveness of enterprises' future consumption and promotion, among which food additives and illegal additives, 

agricultural and veterinary drug residues, plasticizer and other exogenous risk substances are the focus of social attention. 

Therefore, it is of great practical significance and application value to establish the screening and analysis methods of exogenous 

risk substances in milk and dairy products. However, the ingredients of milk and dairy products are complex, and the exogenous 

risk substances are mostly small molecules, with low content and not easy to detect. Therefore, the instrument is required to have 

a very high selectivity and a super-high quality precision. Time-of-flight mass spectrometry is a high-resolution mass 

spectrometry, which can easily and quickly complete the rapid screening and identification of target compounds and unknown 

compounds, reduce the probability of "false positive" occurrence, and can analyze hundreds of compounds in a testing process, 

which can realize the accurate quantification and screening of veterinary drugs in milk. This paper mainly expounds the 

application of high-resolution mass spectrometry in exogenous risk material screening and adulterated substance analysis in milk 

and dairy products, and briefly analyzes its application prospects. 
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1. Introduction 

Milk contains a variety of nutrients such as amino acids, 

proteins, vitamins, minerals and phospholipids, and its 

nutrients can be completely absorbed by the human body. It is 

known as the natural and healthy food closest to perfect. With 

the improvement of people's consumption level and the 

change of consumption concept, milk is becoming more and 

more popular among consumers [1]. According to statistics, 

China's dairy product output reached 27.194 million tons in 

2019, an increase of 323 000 tons over 2018; and as of the 

fourth quarter of 2019, the cumulative dairy product sales 

reached 27.106 million tons, an increase of 0.2% over the 

same period in 2018 [2]. 

The liquid chromatography based on high-resolution mass 

spectrometry-time-of-flight mass spectrometry (LC-Q-TO 
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F/MS) can not only obtain the molecular ion information of 

compounds [3], but also obtain rich fragment ion information 

after collision and fragmentation. There are 20 qualitative 

points and strong high-throughput rapid screening and 

confirmation ability [4, 5]. 

Dairy quality and safety monitoring is an indispensable link 

in the dairy industry. The traditional measurement of dairy 

composition content is mostly based on analytical chemical 

methods [6]. Although the method is high, the sample 

preprocessing process is complicated, the analysis process is 

time-consuming and laborious, and offline measurement. 

Compared with traditional methods, liquid chromatography 

-time of flight mass spectrometry technology has easy 

operation, fast analysis, green, no pollution, online detection 

advantages, and is widely used in food, agriculture, medicine 

and other fields, for raw material detection, product 

monitoring and analysis, product quality identification and 

adulteration analysis play an important role [7-9]. 

2. Concept of Time-of-flight Mass 

Spectrometry (TOF-MS) 

The concept of TOF-MS was put forward by Stephens in 

1946. Due to the backward electronic technology and 

instrument design, the resolution of the early TOF-MS was 

less than 100. With the use of dual-gate structure, delayed 

extraction technology, pulsed field focusing, ion mirror and 

other technologies, the resolution of TOF-MS has been greatly 

improved. In the 1960s, the ionization technology of TOF-MS 

continued to develop. During this period, a series of optical 

ionization sources were applied to TOF-MS. In the mid-1970s, 

the laser ionization technology of TOF-MS made great 

progress. In recent years, the ESI technology proposed by 

Fenn and the MALDI technology proposed by Tanaka and 

Hillenkamp have enabled the application of TOF-MS to 

increase exponentially. As of today, TOF-MS technology has 

been applied in many fields such as food, chemistry, life 

sciences, proteomics, and is attracting more and more 

attention due to its fast, efficient, and simple pre-treatment 

methods, as well as the advantages of high sensitivity and high 

resolution. 

3. Application in Testing of Raw Milk and 

Dairy Products 

3.1. Application in Raw Milk Testing 

In the process of dairy cattle breeding, the large-scale use of 

veterinary drugs, non-strict implementation of the withdrawal 

period, and illegal use of feed additives, etc., may cause 

serious veterinary drug residues in the finished milk [10]. 

Residues of veterinary drugs in dairy products can cause the 

human body to develop drug resistance, endangering human 

health, and even endangering life in severe cases. 

Gong et al. [11] established a rapid screening method for 

14 sulfonamides in fresh milk using ultra-high performance 

liquid chromatography-quadrupole time-of-flight mass 

spectrometry. Raw milk was treated with 0.1% acidified 

acetonitrile and then purified by QuEChERS method. 

Gradient elution was carried out using acetonitrile-0.1% 

formic acid aqueous solution as the mobile phase, and the 

ESI source was used. Data was collected in the positive ion 

mode. The 14 sulfonamide drugs were well separated 

within 8 min. The average recoveries under the 3 spiked 

levels of 10, 20, and 50 µg/kg were in the range of 

72.5%-117.1%, and the relative standard deviations ranged 

from 1.3% to 10.9%. 

3.2. Application in Dairy Product Testing 

Zhang et al. [12] developed a method for the simultaneous 

detection of 19 antibiotics in dairy products using ultra 

performance liquid chromatography-high resolution 

time-of-flight mass spectrometry. After the sample was treated 

with acidified acetonitrile, it was subjected to freezing, 

centrifugation and concentration, and in the positive ion 

scanning mode, 19 antibiotics were separated and detected 

within 10 min. The detection limit was 3-5 µg/L, and the 

average recoveries were in the range of 68.4%-96.7%. The 

isotope peak shape matching degree was not less than 87.4%. 

All 19 spiked antibiotics were detected, and most of the 

antibiotics had high identification scores. 

Peng et al. [13] established a screening method for 55 drugs 

in milk using ultra-high pressure liquid 

chromatography-quadrupole time-of-flight mass spectrometry. 

Using acetonitrile as the extraction solvent, the extract was 

purified and concentrated by HLB solid phase extraction, and 

then loaded on the machine. The detection limits of the 55 

drugs were in the range of 2-10µg/kg, and the linearity was 

good in the range of 5-100 ng/ml. Adding 20-100 µg/kg drugs 

to milk, the recoveries ranged from 22.9% to 114.3%. 

Yu et al. [14] established a rapid screening method for 28 

prohibited veterinary drug residues in milk using ultra-high 

performance liquid chromatography-quadrupole 

time-of-flight mass spectrometry. The milk was extracted with 

0.2% acidified acetonitrile and purified with an Oasis PRi ME 

HLB solid phase extraction cartridge. In the positive and 

negative ion mode, a full scanning was carried out with an 

electrospray ion source, and 28 veterinary drugs were well 

separated within 20 min. In the range of 1-10 µg/kg, the 

average recoveries were in the range of 68.9%-102.0%. 

3.3. Comparison of Methods 

As shown in Table 1, acidified acetonitrile is used in the 

four pretreatment methods to extract pesticide residues in milk. 

Experiments have shown that acidified acetonitrile can better 

extract target compounds and precipitate proteins. The 

centrifugation speed is between 8 000 r/min and 10 000 r/min. 

The higher the centrifugation speed is, the better precipitation 

can be obtained. The dissolving solution can be selected from 

30% acetonitrile, acetonitrile-0.2% formic acid aqueous 

solution, water, methanol-0.1% formic acid aqueous solution, 

and the like. 
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Table 1. Comparison of pretreatment methods. 

Authors Pretreatment methods 

Zhang Jie 

A certain amount of milk (2 ml) was added into a centrifuge tube, and added with acetonitrile in a ratio of 1:1. The mixture was 

vortex-oscillated for 1 min and centrifuged at 8 000 r/min for 5 min. The supernatant was transferred to a new centrifuge tube and added with 

6 ml of acidified acetonitrile (containing 0.2% formic acid), followed by vortex-oscillating for 1 min and centrifuging at 8000 r/min for 5 min. 

A certain amount of the supernatant (5 ml) was transferred to a 15 ml centrifuge tube, and concentrated to near dryness, and 0.3 ml of 30% 

acetonitrile was added to dissolve the residue, obtaining a liquid, which was filtered through 0.22 µm filter membrane, for testing. 

Gong 

Songsong 

A certain amount of milk (5.0 g) was added in a 50 ml centrifuge tube, and then added with 20 ml of 0.1% formic acid acetonitrile solution. 

The mixture was vortex-oscillated for 1 min, added with 4.0 g of anhydrous sodium sulfate and 1.0 g of sodium chloride, vortex-oscillated for 

5 min, and centrifuged at 9 000 r/min for 5 min. A certain amount of the supernatant (10 ml) was accurately pipetted into a centrifuge tube, 

added with 1.0 g of anhydrous sodium sulfate and 0.2 g of PSA, vortex-oscillated for 5 min, and centrifuged at 9 000 r/min for 5 min. Then, 5 

ml of the supernatant was taken and blown with nitrogen at 40°C to near dryness. The residue was diluted with 1.0 ml of acetonitrile-0.2% 

formic acid aqueous solution (10:90), vortex-oscillated for 10 s, and filtered with a 0.22 µm filter membrane, for testing. 

Peng Li 

A certain amount of the sample (5 g) (accurate to 0.01 g) was weighed into a 50 ml centrifuge tube, and added with 15.0 ml of acetonitrile 

accurately. The mixture was vortex-oscillated for 10 min, and centrifuged at 10 000 r/min for 10 min. The supernatant was pipetted and blown 

to 5 ml with nitrogen at 40°C. The residue was added with 15 ml of water, and centrifuged at 10 000 r/min for 10 min, obtaining a supernatant 

for use. A solid phase extraction column was activated with 5 ml of methanol and 5 ml of water successively, and the extract was loaded onto 

the column and rinsed with 2 ml of water and eluted with 2 ml of acetonitrile, 3 ml of acetonitrile + formic acid water (pH 3.5) (2:1, V: V), 

respectively. The eluate was blown with nitrogen to below 1 ml at 40°C, and added with waster to 1 ml. It was finally filtered through a 0.22 

µm filter membrane for testing. 

Yu 

Chenghua 

A certain amount of the sample (2.00 g) was weighed and added into a 15 ml centrifuge tube. It was added with 8 ml of 0.2% formic acid 

acetonitrile solution (volume fraction), shaken up quickly, ultrasonically treated in a water bath for 10 min, and then centrifuged at a high 

speed of 8 000 r/min for 10 min. The supernatant was loaded on an Oasis PRi ME HLB solid phase extraction cartridge, and the flow rate was 

kept at one drop per second. All the eluate was collected, and blown with nitrogen at 50°C to nearly dryness. The residue was accurately added 

with 1.0 ml of methanol-0.1% formic acid aqueous solution (volume fraction) (V:V=5:95) to dissolve it. The solution was filtered with 0.2 µm 

microporous membrane for testing. 

 

As shown in Table 2, high resolution time-of-flight mass 

spectrometry has the ability to screen multiple drug residues in 

a short period of time, with short screening time, fast analysis 

speed, high sensitivity, and a wide variety of screening drugs. 

Table 2. Comparison of results. 

Authors Drug kinds Screening time//min 

Zhang Jie 19 antibiotics 10 

Gong Songsong 14 sulfonamides 8 

Peng Li 55 drug residues 15 

Yu Chenghua 28 veterinary drug residues 20 

4. Application in Identifying Adulterated 

Substances in Milk 

The problem of milk quality and safety is a major food 

safety problem facing China. At present, the methods for 

identifying adulterated substances in milk mainly include 

specific gravity method and color rendering method. The 

method of using liquid chromatography-high resolution 

time-of-flight mass spectrometry to identify adulterants in 

milk is not yet mature. How to use liquid 

chromatography-high resolution time-of-flight mass 

spectrometry to quickly and accurately identify adulterants in 

milk is an important issue for our research. How to use liquid 

chromatography-high resolution time-of-flight mass 

spectrometry to quickly and accurately identify adulterants in 

milk is an important issue for our research. Li et al. [15] 

compared the peak differences of the BPC spectra of three 

samples including milk, soy milk, and milk mixed with soy 

milk. The obvious separation of the three samples was 

completed, and the results showed that this method can be 

used to identify adulteration of complex mixtures of soybean 

milk. 

5. Conclusions 

At present, in general, TOF-MS technology has been 

widely used in food, chemistry, life sciences, etc. the TOF-MS 

pre-treatment technology is becoming simpler, more 

convenient, and faster, and the mass spectrometry resolution is 

getting higher and higher. With the advancement and 

development of science and technology, TOF-MS technology 

will be more and more integrated into our various aspects of 

food, clothing, housing and transportation testing, which will 

be more beneficial to protect people's safety. 

With regard to the application of TOF-MS technology for 

rapid screening of veterinary drug residues in milk, the 

technology has become mature, and the types of screening are 

gradually increasing. However, there are relatively few studies 

on the rapid screening of pesticide residues and adulterated 

substances in milk. We can focus our research on rapid 

screening of pesticide residues and identification of 

adulterants. 
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