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Abstract

Over the past decade, food safety has become an important issue worldwide 
due to higher incidences of food contamination. Currently, one of the great chal-
lenges in food safety is the analysis of emerging food contaminants. Moreover, 
the scope, relevance, and level of food safety and testing have never been in 
such complexity than in today’s global marketplace. In recent years, a novel 
technology ultra performance liquid chromatography (UPLC) coupled with mass 
spectroscopy (MS) has been developed to estimate the food contaminants, as 
well as food components with better accuracy, sensitivity, precision, and high 
throughput. UPLC–MS works on van Deemter principle, which states that, the 
flow rate of smaller particles are much faster in compare with large particles 
as well as unfolding the correlation of flow rate and plate height. Additionally, 
various food components as well as food contaminants such as vitamins, amino 
acid, metabolite identification, adulteration, forensic testing, toxicity studies, 
phytoconstituents, pesticide in agricul ture, antibiotic residue, hormones, dyes 
and pigment analysis can be performed using UPLC–MS. Moreover, uniqueness 
of UPLC-MS and its wide range of application makes it an important tool for 
food safety laboratory around the world.

Keywords: food safety, food contaminants, liquid chromatography, van Deemter, 
UPLC-MS

1. Introduction

Food safety has become an important key issue worldwide, because of the 
emergence of several new chemical hazards present in food [1]. In addition to 
that, maintaining food safety has become very challenging at the operational 
level, as production of food and their consumptions are currently involved in 
a series of events that must be adequately accomplished to ensure the safety 
of food [2]. Therefore, food safety has become an increasingly important 
public health issue all over the world and due to which governments are esca-
lating their efforts to improve and ensure food safety. These efforts can also 
be recognized in response to a growing number of food safety problems and 
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increasing consumer health safety concerns [3]. A very well-know proverb from 
nutritionists or dietitians is “we are what we eat”. Definitely, it does not mean 
that if we eat apple we become apple, but for good or for ill, the components 
we eat must be incorporated, transformed, and/or excreted by our bodies. 
Because, food is an indispensable ingredient of life, and access to food is often 
the limiting factor in the size of a given  populace [4]. There are several incidents 
of food safety outbreak, which has received major attention from all parts of 
the world such as occurrence of benzene in carbonated drinks (UK), foods 
contaminated with pesticides (Japan), presence of dioxins in milk products 
and pork sample (Belgium), incidence of pesticides in soft drinks (India) and 
occurrence of melamine in dairy products (China). Such incidents have made 
people distressful of their food consumption worldwide [5]. In addition to that, 
such contemporaneous incidents are growing concerns, mainly because of mass 
production of agronomic products and industrialization at a very fast pace to 
meet the requirement of current population. Moreover, it has been considered 
that mainly increasing worldwide population is making farming people to force 
mass production of agronomic products without giving ample consideration to 
the safety and quality of food produce. In addition to that, changes in life style 
patterns of consumers have been called responsible for food safety hazards [6]. 
Due to fast-paced urbanization, food products such as ready-to-eat, processed 
food and junk foods has increased, but due to rise in application of chemicals 
usage, such processed food has also come under the scanner of food safety 
 professionals [1, 7].

Moreover, the scope, relevance, and level of food safety and testing have 
never been in such complexity than in today’s global marketplace. In recent 
years, a novel technology UPLC-MS has been developed to estimate the food 
contaminants as well as food components with better accuracy, sensitivity, pre-
cision, and high throughput. In addition to that, this advanced novel technique 
provided the platform to estimate different analytes at very lower levels, with 
better accuracy, and more importantly in less time. Moreover, the uniqueness 
of UPLC-MS has marked several applications to food safety. Various food safety 
parameters such as residual analysis, vitamins, amino acid, metabolite identifi-
cation, adulteration, forensic testing, toxicity studies, phytoconstituents analy-
sis, pesticide in agriculture, antibiotic residue, hormones, dyes and pigment 
analysis can be performed by using UPLC-MS [8, 9]. In addition to that, wide 
range of analysis makes UPLC-MS as an integral part of food safety laboratory 
around the globe. Moreover, in this chapter a detailed study and exploration has 
been made for better understanding of principles and applicability of UPLC-MS 
in food safety.

2. Chromatography and food safety

Today, our food supply is more diverse and highly processed than ever before. 
However, to ensure the nutritive value and to improve the food safety several 
states have disseminated regulations that states the acceptable limit for each com-
ponents likewise, food additives, food residues and contaminants in food or food 
products. Consequently, a better and safe food can only be ensured when we have 
good approach to analyze such food components, contaminants, or chemical con-
taminants. In past few decades, chromatography has been recognized as one of 
important tool to identify and quantify food contaminants to ensure food safety. 
This novel technique allows the separation, purification, and identification from 
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a mixture of the components for both qualitative and quantitative analysis. In 
current years, a unique technology UPLC-MS has been developed to estimate 
the food contaminants as well as food components for improving food safety. 
Therefore to obtain such targets, in 2004 Waters launched a brand of liquid 
chromatography (LC) called UPLC having a significant advancement in column 
particle size and column dimension having a small and porous particle (sub 
2 μm) [10, 11].

3. Ultra performance liquid chromatography

UPLC is a novel technique that offers a new pathway for LC. UPLC enhances 
the capability of LC in four main areas like increasing speed, sensitivity, resolution 
and accuracy. UPLC is also known as ultra high-performance liquid chromatog-
raphy (UHPLC). In comparison to high-performance liquid chromatography 
(HPLC), UPLC has been upgraded with column packing materials of less than 
2 μm in diameter, which increases the speed, accuracy, resolution and sensitivity. 
Moreover, particle size used in HPLC, UPLC column ranges from 3 to 5 μm and 
< 2 respectively as well as mobile phase flow rate in HPLC is usually 3.0 ml/min 
compared to UPLC flow rate 0.6 ml/min. The basic difference in the principle of 
UPLC and HPLC is the column packing material, which makes a huge difference 
over the sensitivity and accuracy of the novel techniques. Apart from the principle 
involved in the LC, there is not much change in basic principle except the pressure 
generated or created in the instruments make it a more efficient technology. The 
development of UPLC techniques has urged the scientists to improve the prevailing 
instrumentation capability for LC, which has the advantage of improved parting 
performance and constant pressure. Efficiency of this technique is equivalent to 
the dimension of the column and inversely proportional to the radius of the atoms. 
As the name suggest ultra performance or ultra-pressure, UPLC works under very 
high pressure up to 1000 bars, however for HPLC, pump pressure not go more 
than 300–400 bars. A schematic diagram of UPLC and its internal diagram are 
presented here in Figure 1. In recent years, UPLC has become an integral part of 
any food safety laboratories, as it reduces the time of run as well as cost of analysis 
for any analysis [9, 12, 13].

Figure 1. 
Flow diagram of ultra performance liquid chromatography-mass spectrometry.
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3.1 Principle

UPLC works on the van Deemter principle, which describes the correlation 
between the flow rate and height of chromatogram. The van Deemter states that, 
“the flow rate of smaller particles are much faster in compare with large particles 
as well as unfolding the correlation of flow rate and plate height”. According to van 
Deemter equation, when the porous particle size reduced to less than 2.5 μm, there 
will be increase in efficiency; however, the efficiency does not weaken at increased 
flow rates or linear velocities.

The following equation describes the relationship between linear velocity (flow 
rate) and plate height [13, 14].

 A B/ C= + + vH v  (1)

where,
A, B and C = Constants.
v = Linear velocity of carrier gas flow rate.
A = It is independent of velocity and represents “eddy” mixing. This is smallest 

when the packed column particles are small and uniform.
B = It stands for axial diffusion or the natural diffusion tendency of molecules. 

This effect is diminished at high flow rates and so this term is divided by v.
C = It represent kinetic resistance to equilibrium in the separation process.
According to van Deemter equation, resistance of kinetics is the time lag 

involved in traveling from the gas phase to the packing stationary phase and back 
again. Moreover, higher the gas flow, greater will be a molecule to lag behind in 
the mobile phase on packed stationary phase. Therefore, the term is proportional 
to v. Moreover, there will be a chance to surge throughput, and thus the rapidity 
of analysis without affecting the chromatographic performance [15]. However, 
UPLC performance is not much efficient until unless it is coupled with tandem mass 
spectrometry or other spectrometry techniques as it helps in molecular analysis by 
using mass-by-charge ratio [16, 17].

3.2 Mass spectrometry

Spectrometry method for the molecular analysis of any compound requires 
mass spectrometry (MS). The principle of MS was first proposed by Dr. Wien, 
which suggests that, refraction of charged particle in electric or magnetic field can 
analyzed by using MS. Mass spectrometer is an important tool to for the molecular 
mass analysis [18]. MS methods identifies the ionized molecules in gaseous phase in 
different ways

• Qualitative analysis of unknown compounds or mixture

• Quantitative estimation of any mixture or solution

• Structure characterization

• Molecular weight determination

MS works on the principle of fragmentation of molecule and separation or 
filtration of ions on the basis of their mass-to-charge (m/z) ratio. The molecular 
mass resulting from mass spectrum and produced ions are a function of mass by 
charge ratio [19]. Consequently, fragmentation of molecular mass in MS make 
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it principally a very important technique over any other traditional chromato-
graphic techniques. Notwithstanding that, on account of the capacity of MS to 
create m/z proportion, it considered as an exceptionally novel, straightforward, 
sensitive, accurate, and particular for the quantitative investigation of any 
mixture or blend [20, 21].

3.3 Tandem mass spectrometry (MS/MS)

There are mainly five techniques for analyzing mass of any compound by using 
MS like, quadrupole mass filter (single and triple), time of flight, quadrupole ion 
trap and Fourier transform ion-cyclotron resonance instruments. Furthermore, 
MS gave a thought of molecular mass, however on the other hand it does not give 
authentication of molecular structure. In this way, to conquer the restriction of past 
mass spectrometry, improvement of couple mass spectroscopy (MS/MS) rises. This 
MS/MS system work into two stages, first to choose parent ions generated from par-
ent ion cells and to disintegrate into daughter ions after the collision of parent ion 
into at least one daughter ions. In mass spectrometry parent ions and daughter ions 
gets isolated, divided, and distinguished into single ion cell. In addition to that, fast 
collisions of compounds performed in argon cell, where translational energy gets 
transformed into ion internal energy to make ions in excited state and unimolecular 
decay progresses [22]. The breaking of compound in ion cell of MS/MS spectrum 
is selected based upon parent and daughter ions. Collision of compound can be 
performed in in single ionization cell or triple quadrupole system (TQS). TQS is 
the most frequently used now a day MS/MS techniques as compared to other mass 
analyzer [23].

3.4 Small-size particles and their chemistry

Small-size particles not only enhance proficiency, nonetheless it also increases 
the flexibility to enhance linear velocity without losing efficiency of the column. 
Moreover, efficiency is the essential separation factor in UPLC, as it depends on 
the selectivity and retention activity as in HPLC. Below equation shows that: (Rs) 
resolution is directly proportional to the square root of N.

 
1

Rs
4 1

α−   =   α +  

N k

k  
(2)

However, N is inversely proportional to particle size (dp): as the particle size 
is lowered by a factor of three, from, for example, 5 μm (HPLC scale) to 1.7 μm 
(UPLC-scale), N is increased by three and resolution by the square root of three or 
1.7. N is also inversely proportional to the square of the peak width:

 2

1
N

w
α  (3)

This demonstrates that the narrower the peaks are, the easier would be to 
separate from each other. Moreover, peak width height is inversely proportional to 
the peak height:

 
1

H
w

α  (4)

Therefore, decrease in particle size increases N and subsequently Rs, and by 
virtue of which sensitivity increased, taller peak as well as narrower peak mean 
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more peak capacity per unit time in gradient separations, as per the requirement in 
several food safety application notes. Moreover, another equation comes into play 
when migrating toward smaller particles:

 xxx

1

dpc
α =F

 
(5)

Van Deemter equation revealed that, as particle size decreases, the optimum 
flow F opt to reach maximum N increases. However, flow rate is directly propor-
tional to back pressure as smaller particle sizes needed much higher operating pres-
sures. Efficiency is inversely proportional to the particle size however proportional 
to column length.

 
L

N
dp

α
 

(6)

Moreover, the column can be shortened by the same factor as the particle size 
without loss of resolution. Although non-porous, high-efficiency 1.5-μ particles 
are easily available in market, but these non-porous particles suffer poor load-
ing capacity as well as poor retention because of low surface area. However, 
silica-based column have good mechanical strength nonetheless, it can undergo 
to a number of disadvantages, such as limited pH range and tailing of basic 
analytes. In addition to that, polymeric columns can overcome pH limitations. 
Moreover, packed column bed and their uniformity are also important, mainly if 
shorter  columns have to uphold resolution while achieving the objective of faster 
 separations [9, 13, 15].

4.  Application of ultra performance liquid chromatography 
in food safety

In recent years, the demand of UPLC-MS/MS in food analysis has increased, 
because of the novel characteristics of UPLC with good resolution, better accuracy 
and sensitivity and reproducibility. Since its inception, it has reduces the time of 
food scientists as well as cost of the analysis because of its capability of producing 
more valuable, reliable, and reproducible data. The UPLC sensitivity has reached 
to ppb and ppt levels by virtue of which a food analyst would be more confident in 
ensuring safe food for consumption. Analysis of several food components as well as 
food contaminants has been performed using UPLC-MS/MS technique. By using this 
technique, below-mentioned food matrices can be tested for ensuring better food 
safety and we can also get more accurate qualitative and quantitative data of samples 
with high standards [11].

• Determination of antibiotic residue in food matrices

• Quantification of pesticides residues in food [24–26]

• Amino acid profiling [9, 27]

• Multi-drug residue quantitation in food matrix [28]

• Metabolomics study in food safety [9]

• Analysis of food contaminants in food matrices
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• Determination of phytoconstituents

• Analysis of natural medicine and herbal medicine [9]

• Determination of acrylamide in food matrix [29]

• Analysis of mycotoxin in food [30, 31]

• Determination of bromate in drinking water [32]

• Pesticide in fruit and vegetables [33]

• Determination of food-borne carcinogens heterocyclic amines [34]

• Capsaicinoids analysis in capsicum species [35]

• Analysis of vitamin in food

• Determination of alkaloids in cocoa

• Lactose content determination in milk

• Phenolic content determination in fruits and vegetables

• Analysis of food based coloring agent [36]

4.1 Determination of antibiotic residue in honey

Several antibiotic residues such as streptomycin (Figure 2), chloramphenicol, 
tetracycline etc. has been identified and quantified in honey by using UPLC-MS 
coupled along with electron spray ionization [37, 38].

4.2 Multi pesticide residue analysis in cereal grains

Pesticides are chemicals widely used against plant pests in agriculture and farm-
ing to increase crop production, either against plant diseases or prophylactic usage. 
Currently, more than 350 pesticides are known, which are used to protect plants or 
plant products; however these pesticide are not allowed more than the permitted 
level. In addition to that, these chemicals could be dangerous to human health. The 
function of full scan UHPLC-Orbitrap-MS/UPLC-MS is adequate enough to enable 
detection and accurate analysis of mass measurement of a broad range pesticides 
residue at very lowest concentration in complex sample matrices [24–26].

4.3 Amino acid profiling

Amino acid profiling is one of the important proximate analyses parameter 
in food safety, as it contributes major portion of protein and an essential compo-
nent of human diet. However, among the several protein food resources mam-
malian milk is purest food available over the globe. However, free amino acids 
are calculated from total nitrogen present in milk. UPLC coupled to electrospray 
ionization tandem mass spectrometry (ESI-MS/MS) system has been estimated 
for free amino acid analysis in milks of human, rat, and cow as presented in 
Figure 3. Moreover, UPLC-ESI-MS/MS allowed the quantitation of 21 free amino 
acids in 10-minute run time using labeled amino acids as internal standard in 
mammalian milk [27].

https://www.taylorfrancis.com/books/9780429073953/chapters/10.1201/b16670-19
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4.4 Metabolomics study in food safety

In recent years, the performance of UPLC has set the stage for a myriad of 
metabolomics analysis in plants and plant products. UPLC along with qTOF (quad-
rupole time of flight) system has been applied for semi-polar metabolite analysis in 
tomato fruit model. Moreover, UPLC coupled with qTOF mass spectrometer pro-
duces high-resolution and mass accuracy, good dynamic range, and a fast spectral 
acquisition capacity, which makes UPLC one of the most appropriate techniques 
for extensive profiling of many plant metabolites. In addition to that UPLC-MS 

Figure 3. 
Free amino acid ion chromatogram obtained in human milk (cumulative).

Figure 2. 
Chromatogram showing blank honey sample (A) vs. spiked honey sample (B).
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along with multivariate data analysis has been used for metabolomics profiling of 
Trignella seed. Metabolomic study of all the three Trigonella species T. caerulea, 
T. corniculata, and T. foenum-graecum identified 93 metabolites including 26 sapo-
nins, 5 peptides, 22 C/O-flavonoid conjugates, and 9 fatty acids as determined in 
Figure 4. Out of which, various novel compounds such as dipeptides, flavonoids 
were reported for first time [39–41].

4.5 Multi-drug residue quantitation in poultry muscle

In recent year, poultry industries have become million dollar industries due to 
higher consumption among the world population. However, multi-drug residue is 
very common in poultry muscles as poultry husbandry people illegally feed several 
drugs such as quinolones, amantadine, sulfonamides, tetracycline, amoxicillin, lin-
comycin, and so on. UHPLC-ESI-MS/MS has been used to analyses such veterinary 
drug residues in poultry muscle ranging from very polar to nonpolar compounds. 
UHPLC-ESI-MS/MS operating in positive multiple reactions monitoring (MRM) 
has been operated to quantify most of the multi-drug residue in sample [28].

4.6 Method development and validation

Method development plays a great role in concluding for any analytical method. In 
quantitative evaluation, development of method can roughly divided into three parts

• Optimization of chromatography conditions

• Mass spectrometry parameters

• Preparation of sample

Depending upon physical or chemical characteristics of analyzing components 
method development could be easily performed considering the following factors 

Figure 4. 
Metabolomic analysis of T. caerulea, T. corniculata, and T. foenum-graecum using UPLC-qTOF-MS.
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like selection of column, mobile phase, pH, and particle size and flow rate in any 
chromatographic setting.

The benefits of using UPLC-MS method over others were better recovery, good 
repeatability, and amount of extraction solvent volume. The selection of ionization 
techniques is depending on analytical results with pretreated samples. UPLC-MS/
MS tuning parameters and scan modes are decided by uninterrupted infusion of 
standard solution, depending on the sensitivity and specificity needed. Few key 
elements for method development are sample pre-treatment, chromatography, 
internal standard, choice between electrospray ionization (ESI) and APCI, and 
mass spectrometry [42]. On the other hand, method validation results support for 
new analytical procedures or new drug development such as Carnosol, Carnosic 
acid, and Rosmarinic acid in food matrices. Validation required defining perfor-
mance of developed method and reliability of obtained results. The analytical 
developed method could be utilized for quantitation application then it would be 
better to be validated to ensure minimum requirement of validation experiments 
along with satisfactory results [43].

4.7 Determination of acrylamide in food matrices

Acrylamide as a risk factor come to scientists attention recently, as its dis-
covery in food was accidental. Formation of acrylamide in different types of 
cooked food or processed food at high temperatures reported recently. Several 
researchers have validated an analytical method for the analysis of acrylamide in 
food by UPLC-MS/MS as determined in Figure 5. Various reports suggests that 
processed food such as potato, coffee, bakery and other human dietary products 
contain acrylamide. One of the study carried out in Cyprus found that potato 
crisp had highest amount of acrylamide (642 ppb), followed by French fries and 
biscuits. Concurrently, regular consumption of such food products may lead to 
 carcinogenicity [29].

4.8 Determination of phytoconstituents

Determination of phytoconstituents analysis involves usage of several analytical 
techniques for the isolation and characterization of phytoconstituents. Primitive 
techniques basically involved usage of UPLC-MS for the isolation and determina-
tion of phytoconstituents. Analysis and identification of chemical constituents of 
fenugreek by UPLC-MS and UPLC-Q-TOF-MS revealed that, 57 saponins and 19 
flavonoid components. In addition to that, characterizations and quantitation of 
phytoconstituents has been reported in Piper betle. Moreover, quantitative data 
revealed significant variances in the contents of the major bioactive components in 
Piper betle species [44, 45].

Figure 5. 
UPLC-MS chromatogram for acrylamide standard solution at 500 ng ml−1.
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4.9 Determination of food contaminants in food matrices

In current years, various food such as legumes, cereals, potatoes, eggs, aquatic 
foods, dairy products, vegetables, fruits, and beverages reported to have several 
mycotoxins such as beauvericin, enniatin A, enniatin B, alternariol, tentoxin, and 
tenuazonic acid (Figure 6). These mycotoxins have been considered as a major 
food contaminates. In recent years, UPLC-MS has emerged as one of the most 
suitable method for the determination of these food contaminants. UPLC-MS has 
advantages over other instruments because of having better detection level, fast and 
accurate. UPLC-MS has emerged as a powerful tool for monitoring and measuring 
dietary exposure assessment of such mycotoxins [30].

4.10 Analysis of antioxidant and phenolic compound using UPLC-MS

It’s been well-know that antioxidant has ability to fight against free radicals since 
free radicals are considered as a causative agent for several diseases. However, use 
of antioxidant has increased in food industry due to its antimicrobial property. 
Nowadays, natural as well as synthetic antioxidant such as butylated hydroxyani-
sole (BHA), butylated hydroxytoluene has been extensively used in food industry. 
However, the safety and toxicity of synthetic antioxidant is still a matter of concern 
for human health. On the other hand, several phenolic compounds have been well 
known for human nutrition. Moreover, these components are used for retarding 
microbial growth, increasing shelf life, reducing undesirable fragrances, enhanc-
ing nutritional value as well as delaying the formation of toxic oxidation. Phenolic 
profiling as well as antioxidant activities can be analyzed UPLC-ESI-MS/MS in Salvia 
species in some of the medicinal plants from South West Anatolia, Turkey. Moreover, 
it is assumed that, it was first reported for the analysis of individual phenolic profiles 
of S. potentillifolia, S. albimaculata, and S. nydeggeri [46].

4.11 Bromate in drinking water

Most of the drinking water contains bromide, as the primary source of 
bromide is soils containing bromide or sea water containing excess amount of 

Figure 6. 
Chromatogram (100 ng/mL) showing complete separation of a mixture of 10 mycotoxin standards at  
(100 ng/mL) using UPLC-MS method.
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bromide. During the ozonation process bromide gets converted into carcinogenic 
bromate [47]. International Cancer research agency has found that, bromate 
has carcinogenic property in human beings. UPLC-MS techniques have been 
reported to quantify bromate at very low detection levels, that is, 0.01 ng/mL as 
found in Figure 7. UPLC-MS method is found to be rapid, selective, and sensi-
tive for routine analysis of bromate at very low level in drinking water as well as 
sea water [32].

4.12 Analysis of capsaicinoids in capsicum species

Capsaicinoids are the pungent metabolites of the fruit capsicum. Capsaicinoids 
are a group of more than 13 alkaloids having structure of vanillylamide with 
branched fatty acid in the 9–11 carbons. Moreover, the most predominant capsa-
icinoids are capsaicin and dihydrocapsaicin. These two major capsaicinoids are 
responsible for the spiciness of capsicum (Figure 8). UPLC-MS is used to analyze 
capsaicinoids in various capsicum species. Analysis is carried out to measure the 
amount of all the capsaicinoids such as capsaicin, dihydrocapsaicin, nordihy-
drocapsaicin, homocapsaicin, and homodihydrocapsaicin in different species of 
capsicum. Based upon the UPLC-MS analysis limit of detection is calculated 0.05, 
0.06, 0.15, 0.2, and 0.1 g/g for capsaicin, dihydrocapsaicin, nordihydrocapsaicin, 
homocapsaicin, and homodihydrocapsaicin, respectively [35].

4.13 Foodborne carcinogens

Foodborne carcinogens are a metabolic product of food after food processing (e.g., 
heating, curing, smoking) and during food preparation (e.g., baking, frying, grill-
ing). Sometimes, fungi and plant-derived products also tend to produce foodborne 
carcinogens. Dietary carcinogens produced by chemical and physical food processing 
are N-nitroso compounds, heterocyclic aromatic amines, polycyclic aromatic hydro-
carbons, and acrylamide. However, infected grains and peanuts have been reported 
to contain mold Aspergillus flavus and Aspergillus parasiticus, which is considered for 
produc ing secondary metabolite such as aflatoxins (carcinogenic potential) [48]. 

Figure 7. 
Chromatograms showing a UPLC-MS/MS peak of bromate in drinking water.
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Researchers have developed an analytical method for biomonitoring of cooked meat 
carcinogens and their metabolites in human urine [34].

4.14 Vitamin analysis using UPLC-MS

Vitamins can be defined as biologically active organic compounds that have a 
relatively low molecular weight. Vitamins are present in minute quantity; however it 
is very important for human health and overall growth. Vitamin can be fulfilled only 
from regular diet or nutrition supplement, because these nutrients help in the metab-
olism of carbohydrates, fat, and proteins. In addition to that, it is also reported that, 
it reduces damage from free radicals. On the other hand deficiency in vitamin may 
lead to various diseases. UPLC-MS is very well known for the analysis of vitamins. 
Several UPLC-MS methods have been reported for the analysis of vitamin B complex 
(thiamin, riboflavin, biotin, nicotinic acid, pyridoxine, pyridoxamine, pyridoxal, 
pantothenic acid, FAD, and nicotinamide) analysis in human milk. UPLC-MS 
coupled with ESI techniques is used to analyze vitamin B from milk sample [49].

4.15 Determination of alkaloids, theobromine, and caffeine in cocoa

Ortega et al. [50] reported identification and quantification of alkaloids, 
theobromine, and caffeine in cocoa sample using UPLC-MS/MS. UPLC instrumen-
tations are the most common techniques for routine analysis of such components 
in field of trace analysis. On the other hand, UPLC-MS has also been reported 
for alkaloid profiling of medicinal plants having cytotoxic properties. It is used 
for analysis of various alkaloids such as sanguinarine, berberine, protopine, and 
chelidonine [50].

4.16 Analysis of lactose in human and cow’s milk

Sugars are found in a variety of food matrices as either naturally or artificially 
added. Fructose, glucose, and sucrose are important constituents of various fruit 
juices. Maltose is found in products derived from corn and grain products. Lactose, 
also known as milk sugar, exists in dairy products. This set of sugars is known 
as the five food sugars. Analysis of these sugars is important for quality control 
purposes, or to determine authenticity or adulteration of food products (Figure 9). 

Figure 8. 
UPLC-MS chromatogram showing different capsaicinoids extracted from red chili.
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In addition to that, lactose is most important source of sugar for infant, kids as well 
as adult. UPLC-MS/MS can be easily used for determination of lactose in cow’s or 
human milk as well as other food products [51].

4.17 Pesticides in fruit and vegetables

Fruit and vegetables are important crops of horticulture, as they are an integral 
part of the human diet. Fruit and vegetables provide carbohydrate, protein, vita-
mins, minerals, fiber and help in the maintenance of a healthy life style. However, 
in current years demand of fruit and vegetables has increased tremendously, 
because of high consumption and population demand. Therefore to boost the 
production, farmers are using so many chemicals in terms insecticides, fungicides, 
herbicides, acaricides, and rodenticides for prophylactic use or in diseased condi-
tion. However, it has been reported that, these chemical has very harmful effect on 
human health [52]. Savini et al. [33] reported a quick and sensitive UPLC method 
coupled with Orbitrap for determining highly polar pesticides and contaminants in 
processed fruits and vegetables.

4.18 Analysis of food-based dyes using UPLC-MS

Synthetic oil-soluble mono-azo coloring agents such as Sudan dyes and Para Red 
are very common in food industries. Due to minimal expense and high intensity 
color it is very commonly used as food additives particularly in chili. However, 
International Agency for Research on Cancer (IARC 1975) categorized these dyes 
a potential cancer-causing agent. Moreover, illegal use of these dye such as Sudan 
Red 7B, Sudan I–IV and Para Red have been still found in food impacting consumer 
health. UPLC-MS has been reported as one of best choice of instrument analysis of 
such dyes due to their highest sensitivity.

Figure 9. 
Chromatogram showing standard lactose (A) vs. milk sample (B).



15

UPLC-MS: An Emerging Novel Technology and Its Application in Food Safety
DOI: http://dx.doi.org/10.5772/intechopen.92455

Author details

Syed Amir Ashraf1, Sadaf Nazir2, Mohd Adnan3 and  
Zulfiqarur Rashid Azaz Ahmad Azad4*

1 Department of Clinical Nutrition, College of Applied Medical Science, University 
of Hail, Hail, Kingdom of Saudi Arabia

2 Department of Food Technology, Bundelkhand University, Jhansi, Uttar Pradesh, 
India

3 Department of Biology, College of Science, University of Hail, Hail, Saudi Arabia

4 Department of Post Harvest Engineering and Technology, Aligarh Muslim 
University, Aligarh, Uttar Pradesh, India

*Address all correspondence to: zrazad@gmail.com

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



16

Analytical Chemistry - Advancement, Perspectives and Applications

[1] Pinu FR. Metabolomics: Applications 
to Food Safety and Quality Research. 
Microbial Metabolomics. Switzerland: 
Springer International Publishing; 2016. 
DOI: 10.1007/978-3-319-46326-1_8

[2] Chaves RD, Alvarenga VO,  
Campagnollo FB, Caturla MYR, 
Oteiza JM, Sant’Ana AS. Food safety.  
In: Current Developments in 
Biotechnology and Bioengineering. 
Food and Beverages Industry. 
2017. pp. 245-259. DOI: 10.1016/
B978-0-444-63666-9.00009-1

[3] Farhang B. Nanotechnology and 
applications in food safety. IUFoST 
World Congress Book: Global Issues in 
Food Science and Technology. Elsevier 
Inc.; 2009. ISBN: 9780123741240

[4] Lehotay SJ. Application of gas 
chromatography in food analysis. 
Trends in Analytical Chemistry. 
2002;21-9(10):686-696

[5] Malik AK, Cristina B, Yolanda P. 
Liquid chromatography–mass 
spectrometry in food safety. 
Journal of Chromatography A. 
2010;1217:4018-4040

[6] Motarjemi Y, Stadler RH, Studer A, 
Damiano V. Application of the Haccp 
Approach for the Management of 
Processing Contaminants. Process-
induced Food Toxicants: Occurrence, 
Formation, Mitigation, and Health 
Risks. New York: Wiley; 2008. 
pp. 563-620

[7] Motarjemi Y, Lelieveld H. Food 
Safety Management: A Practical Guide 
for the Food Industry. Amsterdam: 
Elsevier; 2014

[8] Naushad M, Khan MR, 
Alothman ZA. History and Introduction 
of UPLC/MS. Ultra Performance Liquid 
Chromatography Mass Spectrometry: 
Evaluation and Applications in Food 

Analysis. 1st ed. CRC Press; 2014. 
ISBN: 9781466591547; Available 
from: https://www.researchgate.
net/deref/http%3A%2F%2Fdx.doi.
org%2F10.1201%2Fb16670-2?_sg%
5B0%5D=k2YFvHkkxbDjrB8CsA8Z
_7lD6IQH3mgcmaI-rQqwNTPs9IJG
WaoRFJ69LjSBb8NfI1Db8KNJv5gTo
JKuVK74jGUKWw.08ofxad9RNGM
3nRhQtsyvVLVvrjaVdEb70azZMyzB
4kiU5ReVYQBnsvYmyFeEaBgO 
6cu8ZgWJl2iDlzZTnkHvg” 10.1201/
b16670-2

[9] Taleuzzaman M, Ali S, Gilani SJ, 
Imam SS, Hafeez A. Ultra performance 
liquid chromatography (UPLC)—A 
review. Austin Journal of Analytical 
and Pharmaceutical Chemistry. 
2015;2(6):1056

[10] Tamosiunas V, Padaraukas A.  
Comparison of LC and UPLC 
coupled to MS–MS for the 
determination of sulfonamides in 
egg and honey. Chromatographia. 
2008;67(9/10):783-788. DOI: 10.1365/
s10337-008-5-0009-5893/08/05

[11] Steiner WE, English WA. Emerging 
trends in liquid chromatography and 
mass spectrometry instrumentation for 
analytical & bioanalytical techniques. 
Journal of Analytical and Bioanalytical 
Techniques. 2012;3:e106. DOI: 
10.4172/2155-9872.1000e106

[12] Available from: https://upload. 
wikimedia.org/wikipedia/commons/ 
7/70/Liquid_Chromatography_Mass_
Spectrometer.png

[13] Chawla G, Chanda R. Principle, 
instrumentation, and applications of 
UPLC: A novel technique of liquid 
chromatography. Open Chemistry 
Journal. 2016;2016(3):1-16. DOI: 
10.2174/1874842201603010001

[14] Van Deemter JJ, Zuiderweg EJ, 
Klinkenberg A. Longitudinal diffusion 

References

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1201%2Fb16670-2?_sg%5B0%5D=k2YFvHkkxbDjrB8CsA8Z_7lD6IQH3mgcmaI-rQqwNTPs9IJGWaoRFJ69LjSBb8NfI1Db8KNJv5gToJKuVK74jGUKWw.08ofxad9RNGM3nRhQtsyvVLVvrjaVdEb70azZMyzB4kiU5ReVYQBnsvYmyFeEaBgO6cu8ZgWJl2iDlzZTnkHvg” 10.1201/b16670-2
https://upload.wikimedia.org/wikipedia/commons/7/70/Liquid_Chromatography_Mass_Spectrometer.png
https://upload.wikimedia.org/wikipedia/commons/7/70/Liquid_Chromatography_Mass_Spectrometer.png
https://upload.wikimedia.org/wikipedia/commons/7/70/Liquid_Chromatography_Mass_Spectrometer.png
https://upload.wikimedia.org/wikipedia/commons/7/70/Liquid_Chromatography_Mass_Spectrometer.png


17

UPLC-MS: An Emerging Novel Technology and Its Application in Food Safety
DOI: http://dx.doi.org/10.5772/intechopen.92455

and resistance to mass transfer as causes 
of non ideality in chromatography. 
Chemical Engineering Science. 
1956;1956(5):271-289

[15] Naresh K, Bhawani S, Kumar TM. 
Ultra performance liquid chromatog-
raphy. International Journal of Pharma 
and Bio Sciences. 2014;3(3):84-94

[16] Jerkovich AD, Mellors JS, 
Jorgenson JW. The use of micrometer-
sized particles in ultrahigh pressure 
liquid chromatography. LCGC North 
America. 2003;21(7):600-610

[17] Swartz ME. Ultra pe1rformance 
liquid chromatography (UPLC): An 
introduction, separation science 
re-defined. LCGC Supplement. 
2005;8:8-14

[18] Munzenberg G. Development of 
mass spectrometers from Thomson 
and Aston to present. International 
Journal of Mass Spectrometry. 
2013;349-350:9-18. DOI: 10.1016/j.
ijms.2013.03.009

[19] Urban PL. Quantitative mass 
spectrometry: An overview. Philosphical 
Transactions A. 2016;374:1-5. DOI: 
10.1098/rsta.2015.0382

[20] Hoffmann E, Stoobant V. 
Mass Spectrometry—Principles 
and Applications. 3rd ed. John 
Wiley & Sons, Ltd; 2007. ISBN: 
978-0-470-03310-4

[21] Parasuraman S, Anish R, 
Balamurugan S, Vijayan V. An 
overview of liquid chromatography-
mass spectroscopy instrumentation. 
Pharmaceutical Methods. 
2014;5(2):49-55, Part A. DOI: 
10.1080/19440049.2018.1508893

[22] Kang J. Principles and applications 
of LC-MS/MS for the quantitative 
bioanalysis of compounds in various 
biological samples. Tandem Mass 
Spectrometry-Applications and 

Principles. 2012:441-492. DOI: 
10.5772/32085

[23] Madeira PJA, Florencio MH.  
Applications of tandem mass 
spectrometry: From structural analysis 
to fundamental studies. Tandem Mass 
Spectrometry—Applications and 
Principles. 2012:1-32. DOI: 10.5772/31736

[24] Mastovska K, Kelly JD, Steven JL, 
Jennifer SW, Kelli AS. Pesticide 
multiresidue analysis in cereal grains 
using modified QuEChERS method 
combined with automated direct sample 
introduction GC-TOFMS and UPLC-MS/
MS techniques. Journal of Agricultural 
and Food Chemistry. 2010;2010(58):5959-
5972. DOI: 10.1021/jf9029892

[25] Gomez-Pereza ML, Patricia PN, 
Roberto RG, José LM, Antonia G. 
Comprehensive qualitative and 
quantitative determination of pesticides 
and veterinary drugs in honey using 
liquid chromatography–Orbitrap high 
resolution mass spectrometry. Journal 
of Chromatography A. 2012;1248: 
130-138

[26] Zhang X, Yue S, Qi J, Lin Z, Wei Z, 
Pengqian M, et al. Simultaneous 
determination of 58 pesticides and 
relevant metabolites in eggs with a 
multi-functional filter by ultra-high 
performance liquid chromatography-
tandem mass spectrometry. Journal of 
Chromatography A. 2019;(1593):81-90. 
DOI: 10.1016/j.chroma.2019.01.074

[27] Roucher VF, Emmanuelle D, 
Charlotte N, Aurore MA, Marie-
Cécile A, Dominique D, et al. Use 
of UPLC-ESI-MS/MS to quantitate 
free amino acid concentrations in 
micro-samples of mammalian milk. 
Springerplus. 2013;2:622

[28] Cao G, Zhan J, Shi X, Deng X, 
Zhu J, Wu W, et al. Analysis of 140 
veterinary drugs and other other 
contaminants in poultry muscle 
by ultrahigh performance liquid 



Analytical Chemistry - Advancement, Perspectives and Applications

18

hromatography-tendem mass 
spectrometry. Chromatographia. 
2018;(81):707-718. DOI: 10.1007/
s10337-018-3475-7.r

[29] Kafouris D, Georgios S, Maria C, 
Xenia I, Eftychia C, Lefkios P, et al. 
Determination of acrylamide in food 
using a UPLC–MS/MS method: Results 
of the official control and dietary 
exposure assessment in Cyprus. 
Food Additives & Contaminants. 
2018;35(10):1928-1939. DOI: 
10.1080/19440049.2018.1508893

[30] Sun D, Nannan Q , Shuang Z, 
Bing L, Shuo Z, Jingguang L, et al. 
Development of sensitive and reliable 
UPLC-MS/MS methods for food 
analysis of emerging mycotoxins 
in China Total Diet Study. Toxins 
(Basel). 2019;11:166. DOI: 10.3390/
toxins11030166

[31] Malachova A, Milena S, Marta V, 
Christopher TE, Connor B, Julie M, 
Jana H, Chibundu NE. Advanced LC–
MS-based methods to study the 
co-occurrence and metabolization 
of multiple mycotoxins in cereals 
and cereal-based food. Analytical 
and Bioanalytical Chemistry. 
2018;(410):801-825. DOI: 10.1007/
s00216-017-0750-7

[32] Alsohaimi IH, Zeid AA, Mohammad 
RK, Mohammad AA, Rosa B, Ahmad 
KA. Determination of bromate in 
drinking water by ultraperformance 
liquid chromatography–tandem mass 
spectrometry. Journal of Separation 
Sciences. 2012;35(19):2538-2543. DOI: 
10.1002/jssc.201200312

[33] Savini S, Mirella B, Anna S. 
An improved, rapid and sensitive 
UHPLC-MS/MS analysis for the 
determination of highly polar pesticides 
and contaminants in processed fruits 
and vegetables. Journal of Agricultural 
and Food Chemistry. 2019;(67):2716-
2722. DOI: 10.1021/acs.jafc.8b06483

[34] Gu D, Melissa MR, Fred FK, 
Robert JT. An ultra performance 
liquid chromatography—tandem mass 
spectrometry method for biomonitoring 
cooked meat carcinogens and their 
metabolites in human urine. Analytical 
Chemistry. 2011;83(3):1093-1101. DOI: 
10.1021/ac102918b

[35] Alothman ZA, Saikh MW, 
Mohammad RK, Ayman AG, 
Mohamed AH, Yacine BHA. 
Determination of capsaicinoids 
in capsicum species using ultra 
performance liquid chromatography-
mass spectrometry. Journal of 
Separation Science. 2012;35:2892-2896

[36] Li C, Wu YL, Shen JZ. UPLC-
ESI-MS/MS analysis of Sudan dyes and 
Para Red in food. Food Additives and 
Contaminants. 2010;27(9):1215-1221. 
DOI: 10.1080/1’9440049.2010.483600

[37] Ashraf SA, Azad ZRAA. 
Development and validation of an 
UPLC-ESI-MS/MS analytical method 
for the determination of streptomycin 
and dihydrostreptomycin residues in 
honey. Biomedical & Pharmacology 
Journal. 2017;10(4):1983-1992

[38] Ashraf SA, Azad ZRAA. Validation 
of an analytical methodology for the 
determination of chloramphenicol 
residues in honey using UPLC-MS/
MS. Oriental Journal of Chemistry. 
2018;34(2):723-729

[39] Rogachev I, Asaph A. UPLC-MS-
based metabolite analysis in tomato. 
In: Hardy NW, Hall RD, editors. Plant 
Metabolomics: Methods and Protocols, 
Methods in Molecular Biology. Vol. 860. 
Springer Science+Business Media, LLC; 
2012. DOI: 10.1007/978-1-61779-594-7_9

[40] Vaclavik L, Jaroslava O, Ladislav K, 
Jan H, Katerina D, Jana H. Application 
of ultra-high performance liquid 
chromatography-mass spectrometry 
(UHPLC-MS) metabolomic 
fingerprinting to characterise GM 



19

UPLC-MS: An Emerging Novel Technology and Its Application in Food Safety
DOI: http://dx.doi.org/10.5772/intechopen.92455

and conventional maize varieties. 
Czech Journal of Food Sciences. 
2013;31(4):368-375

[41] Farag MA, Dalia MR, Matthias K, 
Andreas GH. Metabolite profiling in 
Trigonella seeds via UPLC-MS and 
GC-MS analyzed using multivariate data 
analyses. Analytical and Bioanalytical 
Chemistry. 2016;408(28):8065-8078.
DOI: 10.1007/s00216-016-9910-4

[42] Shabir GA. Systematic strategies in 
high performace liquid chromatography 
method development and validation. 
Separation Science and Technology. 
2010;45(5):670-680

[43] Choi S, Gill-Woong J, Sun-Il C, 
Tae-Dong J, Bong-Yeon C, Wan-Sup S, 
et al. Development and validation of an 
analytical method for carnosol, carnosic 
acid and rosmarinic acid in food matrices 
and evaluation of the antioxidant 
activity of rosemary extract as a food 
additive. Antioxidants. 2019;8(76):1-12. 
DOI: 10.3390/antiox8030076

[44] Pandey R, Preeti C, Mukesh S, 
Arya KR, Praveen KS, Brijesh K. A rapid 
analytical method for characterization 
and simultaneous quantitative 
determination of phytoconstituents 
in Piper betle landraces using UPLC-
ESI-MS/MS. Analytical Methods. 
2014;6(18):7349-7360. DOI: 10.1039/
C4AY00975D

[45] Wang J, Jiang W, Liu Z, 
Wang J, Fu T, Wang Y. Analysis and 
identification of chemical constituents 
of fenugreek by UPLC-IT-MSn and 
UPLC-Q-TOF-MS. Chemical Research 
in Chinese Universities. 2017;33(5):721-
730. DOI: 10.1007/s40242-017-7136-4

[46] Kivrak S, Tolga G, Ibrahim K, 
Ergun K, Erşan K. Investigation of 
phenolic profiles and antioxidant 
activities of some Salvia species 
commonly grown in Southwest Anatolia 
using UPLC-ESI-MS/MS. Food Science 
and Technology. 2019;39(2):423-431. 
DOI: 10.1590/fst.32017

[47] Yassin KE. Bromate in sudanese 
bottled water. Annual Conference of 
Postgraduate Studies and Scientific 
Research. 2012;1:7-8

[48] Fahrer J. Food-borne carcinogens. 
In: Schwab M, editor. Encyclopedia 
of Cancer. Springer-Verlag 
Berlin Heidelberg; 2016. DOI: 
10.1007/978-3-642-27841-9_7235-1

[49] Nan RX, Yin SA, Yang ZY, Yang XG, 
Shao B, Ren YP, et al. Application of 
UPLC-MS/MS method for analyzing 
B-vitamins in human milk. Biomedical 
and Environmental Sciences. 
2015;28(10):738-750

[50] Ortega N, Maria-Paz R, Alba M, 
Jordi R, Neus A, Maria-Jose M. 
Comparative study of UPLC–MS/
MS and HPLC–MS/MS to determine 
procyanidins and alkaloids in cocoa 
samples. Journal of Food Composition 
and Analysis. 2010;23:298-305. DOI: 
10.1016/j.jfca.2009.10.005

[51] Fusch G, Arum C, Niels R, 
Christoph F. Quantification of lactose 
content in human and cow’s milk using 
UPLC–tandem mass spectrometry. 
Journal of Chromatography B. 
2011;879(2011):3759-3762

[52] Syed JH, Ambreen A, Ashiq M, 
Karam A, Zunera S, Haroon A, 
et al. Pesticide residues in fruits and 
vegetables from Pakistan: A review of 
the occurrence and associated human 
health risks. Environmental Science and 
Pollution Research. 2014;(21):13367-
13393. DOI: 10.1007/s11356-014-3117-z


