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1. INTRODUCTION 

Non-targeted analysis encompasses the simultaneous detection of a wide range 
of chemical compounds, which is usually performed by high-resolution mass 
spectrometry (HRMS). Metabolomics is a field interested in non-targeted analysis 
to discover and identify metabolites (molecular weight < 1.5 kDa) and translate 
that into clinical, biomarker discovery and environmental field. There is a high 
occurrence of amino-containing metabolites due to their biological importance 
and comprehend proteinogenic, non-proteinogenic and post-translationally modi-
fied amino acids, polyamines, peptides, nucleosides, catecholamines and bio-
genic amines.  

Regarding the analysis of amino compounds, reverse-phase liquid chromato-
graphy-tandem mass spectrometry (RPLC-MS/MS) has become widespread 
since it offers information on the molecular mass of compounds and enables dis-
tinction of co-eluting compounds based on their molecular masses. Nevertheless, 
the challenges by this approach include weak retention in a RP column and low 
ionization efficiency. Both problems can be tackled by employing derivatization. 
The derivatives present better retention in a RP column, ionization efficiency and 
a fragmentation pattern in MS/MS. 

Derivatization can be employed to detect a specific group of compounds based 
on their functional groups because of the constant fragmentation pattern of the 
derivatives. This can be the regular common loss of a neutral molecule enabling 
the use of neutral loss scan (NLS) mode and/or the presence of a common charged 
fragment, which allows for the use of precursor ion scan (PIS) mode. This work 
introduces the derivatization-targeted analysis concept, in which all compounds 
with a specific functional group are targeted and initially unknown compounds 
detected. This allows to narrow down the number of possible compounds detected 
in a sample, thereby reducing the problem of recording excessive number of 
compounds as is common in non-targeted analysis. 

The aim of this work is to develop and make use of the derivatization-targeted 
approach for the detection of amino compounds in complex samples, such as 
plant extracts. The derivatization reagent diethyl ethoxymethylenemalonate 
(DEEMM) was employed followed by the screening of amino compounds in NLS 
mode in a triple quadrupole (QqQ) instrument since it is more sensitive, allowing 
for the detection of compounds at low concentrations. Derivatization reagents 
other than DEEMM were evaluated with respect to their derivatives’ fragmen-
tation pattern as well. 
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2. LITERATURE REVIEW 

2.1. Amino compounds 
Amino compounds or amines are a group of compounds with a nitrogen present 
in its chemical structure and have the general formula R₃N, where R represents 
hydrogen or an organic substituent. Amines can be primary (-NH2), secondary  
(-NH-) or tertiary (-N<) and encompass proteinogenic (PAA), non-protein (NPAA) 
and post-translationally modified amino acids, polyamines, peptides, nucleo-
sides, catecholamines and biogenic amines. The classification is not mutually 
exclusive, e.g. a biogenic amine can also be classified as a catecholamine.  
 

2.1.1. Amino acids 

The chemical structure of amino acids (AA) always contains amine and carbo-
xylic acid groups and for PAA, both groups are bonded to the same carbon (α-
carbon). Biologically speaking, 20 AAs are the building blocks of proteins, so 
they are relevant for protein as well as nucleotides and neurotransmitters syn-
thesis (J. Wang et al., 2017), cell growth (Yu, Zhang, Wang, et al., 2022) and are 
a source of metabolic energy. Although rarely, 2 other AA can be incorporated 
into proteins by post-translational modification and are referred to as the 21st and 
22nd AA, namely selenocysteine and pyrrolysine, respectively (Clark & Pazder-
nik, 2013).  

PAAs can be divided into groups based on their chemical structure or based 
on their ability to be synthesized in the body. In the latter case, AA are divided 
into non-essential and essential, which means essential AA need to be obtained 
from exogenous sources, i.e. food or supplements, and includes valine, leucine, 
isoleucine, lysine, threonine, methionine, histidine, phenylalanine, and trypto-
phan in the case of humans and farm animals (Galili & Amir, 2013; Litwack, 
2018). Each AA needs to be consumed daily and can be obtained mostly from 
milk, eggs and meat, but also from cereals and legumes (Galili & Amir, 2013). 
Branched-chain amino acids (BCAAs), which include valine, leucine and iso-
leucine, are an important AA class in the fitness world due to their role in building 
muscle, since they are mainly metabolized in the muscle. In addition, they 
participate in protein synthesis, glucose homeostasis and animals’ intestine health 
(Nie et al., 2018). They represent 40 % of the total required amount of AA by the 
body (Xiao & Guo, 2022). 

Methionine is another essential AA intensively studied to increase its content, 
which is usually very low in crops, plants, and vegetables. Cysteine is a product 
of methionine metabolism and is responsible for disulfide bonds or bridges that 
make up the tertiary structure of proteins, thereby supporting their biological 
activities and it is also a precursor for the synthesis of an important antioxidant, 
the tripeptide glutathione (Clemente Plaza et al., 2018; Combs & Denicola, 
2019). Taurine and hypotaurine are also two of the important metabolites from 
cysteine. 
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Taurine is considered one of the most essential substances in the body, even 
though it does not participate in protein synthesis, but is present in the brain, 
retina, muscle tissue and organs in general (Ripps & Shen, 2012), provides a 
substrate for the formation of bile salts and is important for brain development 
(Clemente Plaza et al., 2018). Taurine content in the blood decreases with age and 
directly influences the life and health span of mice and monkeys (Singh et al., 
2023). Such compound is found in high quantities in seaweed and animal pro-
ducts, while trace concentrations are found in plants (Kataoka & Ohnishi, 1986). 
Hypotaurine plays a role as an antioxidant as highlighted in a work with Caenor-
habditis elegans, as a model organism, since its supplementation in food pro-
longed the lifespan and health span of such organism and its level decreased as 
the organism aged (Wan et al., 2020). A potential cytoprotective effect of hypo-
taurine against the deleterious effects of UVA irradiation has also been deter-
mined and supports further investigation of hypotaurine supplementation in skin-
care products, such as sunscreen (Baseggio Conrado et al., 2021). Hypotaurine 
can be biosynthesized from cysteamine through a different pathway as well (Shen 
et al., 2021). 
 

2.1.2. Non-protein amino acids 

Non-protein amino acids (NPAAs) are analogs of PAAs but are not incorporated 
into the proteins of the organisms that synthesize them. These secondary meta-
bolites exist in numbers between 600 to 1000 (Rodrigues-Corrêa & Fett-Neto, 
2019). Since they are structurally similar to PAAs, they can be embodied into 
proteins by replacing the actual PAAs, which interferes with biochemical path-
ways, leading to toxic effects. For instance, azetidine-2-carboxylic acid can be 
mistakenly incorporated into proteins instead of proline and other examples 
include canavanine, mimosine, hypoglycine, β-diaminopropionic acid (β-ODAP) 
and 3,4-dihydroxyphenylalanine (levodopa) (Yamane et al., 2010). Other not as 
harmful NPAAs include γ-aminobutyric acid (GABA), β-alanine, δ-aminole-
vulinic acid and 4-aminobenzoic acid (PABA). GABA derives from glutamic acid 
and is the main inhibitory neurotransmitter for the central nervous system (Col-
zato, 2015).  

These compounds are mostly found in legumes (genera of Fabaceae) and 
seeds (Yamane et al., 2010) and are employed as a chemical defense in plants 
(Rodrigues-Corrêa & Fett-Neto, 2019). Some literature points out the high 
concentration of these compounds as toxic to human and livestock, including the 
development of neurodegenerative diseases, such as lathyrism, by the excessive 
consumption of grass pea (Lathyrus sativus L.), which contains β-ODAP. More-
over, an increase in the abortion rate in pregnant goats fed with river tamarind 
(Leucaena leucocephala) has been reported due to the presence of a high content 
of mimosine (Rodgers, 2014; Rodrigues-Corrêa & Fett-Neto, 2019). 
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2.1.3. Catecholamines 

Catecholamines, amino-containing-catechol structures, are neurotransmitters or 
hormones involved in immune regulation (Gaskill & Khoshbouei, 2022), regula-
tory systems (Bergquist et al., 2002) and are derived from the AAs phenylalanine 
and tyrosine. For instance, levodopa, which is derived from tyrosine and used in 
the treatment of Parkinson’s disease (Ahlskog, 2023), is the precursor compound 
for dopamine, which is the precursor of norepinephrine (noradrenaline), and 
epinephrine (adrenaline) synthesis (Gaskill & Khoshbouei, 2022; Meiser et al., 
2013).  

Dopamine has many functions in the animal’s brain, mostly related to be-
havior, and so is responsible for motivation, reward, mood, learning and sleep 
(Juárez Olguín et al., 2016). Noradrenaline and adrenaline are released under 
nerve stimulation, mainly the flight-or-fight response in periods of anxiety or 
stress. In general, an increase in levels of catecholamines in humans is often as-
sociated with changes in blood pressure, heart rate and the emergence of mig-
raines. Plants and animal’s physiological functions are similarly disturbed 
(Płonka et al., 2022).  
 

2.1.4. Biogenic amines 

Biogenic amines (BAs) are products of AA enzymatic decarboxylation, reductive 
amination or transamination, especially by bacteria or have endogenous emer-
gence. For example, putrescine is derived from ornithine and arginine and is 
associated with the enzyme activity of the bacteria from the family Enterobacte-
riaceae and the genus Clostridium, which include several pathogens (Sánchez-
Pérez et al., 2018). The study of BAs in fermented foods, cheese, fish and fish 
products is of importance because some of them might have toxic effects. Levels 
of histamine, a product from the decarboxylation of the AA histidine, higher than 
500 ppm results in poisoning (Naila et al., 2010). In the USA, the concentration 
of histamine is restricted to 50 ppm in seafood (Tsiasioti et al., 2023). The BAs 
putrescine and cadaverine are the most common polyamines found in fermented 
products (EFSA Panel on Biological Hazards (BIOHAZ), 2011) and their syner-
getic toxicity is also a relevant topic, e.g. they could magnify the toxicity of 
histamine and tyramine (Jain & Verma, 2018).  

BAs also have endogenous origins and are found at different concentrations 
in various foodstuffs. Polyamines, such as putrescine, spermidine, spermine and 
agmatine are important for cellular functions (Galgano et al., 2012; Madeo et al., 
2018). The presence of putrescine and its by-product spermidine is ubiquitous in 
various foods, such as grains, vegetables, beans, nuts and mushrooms at different 
concentration levels (Nishimura et al., 2006). For instance, spermidine has been 
found in all samples of five tropical fruits, followed by spermine and putrescine 
(Santiago-silva et al., 2011) and in twelve vegetables typical in the Brazilian 
cuisine, followed by putrescine, agmatine and spermine (Starling et al., 2021). 
Agmatine was only found in pineapple, papaya and passion fruit (Santiago-silva 
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et al., 2011) and cadaverine was found only in bean sprouts (Starling et al., 2021). 
In general, it is difficult to establish to what degree the presence of BAs in plant-
origin products is from endogenous origins or due to bacterial activity (Sánchez-
Pérez et al., 2018). However, the concentration of BAs found in BA-rich foods 
was shown to be toxic to in vitro intestinal cell cultures, in the case of cadaverine, 
at concentration levels higher than 510 mg/kg (del Rio et al., 2019, 2024).  

Another group of amino compounds are indolamines or tryptamines and they 
can also be classified as BAs. Tryptophan is metabolized to 5-hydroxytryptophan 
by the enzyme tryptophan hydroxylase, which is further transformed into sero-
tonin by the enzyme 5-HTP decarboxylase. Melatonin is also a product of the 
aforementioned enzymatic reactions, originating from N-acetylserotonin (Seithi-
kurippu R, 2015). Both are present in plants and animals and are considered vital 
signaling compounds since they regulate numerous physiological functions, such 
as sleep, memory and behavior (Abbasi et al., 2020; Erland et al., 2015; Tittarelli 
et al., 2015). Tryptamine itself is found at low concentrations in the human brain, 
but there are more than 1500 tryptamine varieties in nature. Tryptamine-based 
compounds are also used as recreational drugs from either natural sources, e.g. 
mushrooms, cacti and Ayahuasca, or are synthetic (Daéid, 2005; Tittarelli et al., 
2015).  
 

2.1.5. Amino compounds as biomarkers 

Considering the vital role of amino compounds in biological processes, they are 
important metabolites. Metabolites are defined as small endogenous compounds 
ranging from 80 – 1200 Da (Adamski, 2016) or with a mass lower than 1500 Da 
(Wishart et al., 2007). The field of metabolites study is called metabolomics. 

The role of amino compounds in metabolomics has been significant. For 
example, the effect of the drug dapagliflozin in diabetic rats was studied to under-
stand the changes in the metabolic pathways by comparing treated and non-
treated rats and, among other findings, the AAs metabolism is affected by the 
drug (Alosaimi et al., 2024). High levels of BCAAs in plasma are linked to an 
increase in the risk of diagnosis of pancreatic cancer as well as in the initial stage 
of the disease (Mayers et al., 2014).  

In the field of botany, metabolic profiling was carried out for parts of psyllium 
(P. ovata Forsk) and it was concluded the plant is a promising candidate as a 
functional food, dietary supplement, etc (M. K. Patel et al., 2016). Through net-
work analysis, five amino-containing compounds were found to be present in the 
various parts of Fritillaria thunbergii primary metabolic process (Cui et al., 
2018). The content of 16 amino-containing compounds, including AAs, changed 
for the transgenic wheat line due to its higher tolerance to abiotic stress (Niu et 
al., 2020).  
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2.3. Metabolomics 
The definition of metabolomics differs across many publications. Metabolomics 
compels the study of metabolites in healthy and unhealthy states (Khamis et al., 
2017), the study of metabolic pathways (Kaddurah-Daouk & Krishnan, 2009), 
the identification and quantification of small molecules in a sample (K. Wang et 
al., 2023) and comprehends the analysis of metabolites in biological samples 
(Delvaux et al., 2022). The metabolome corresponds to the metabolites and their 
interactions and is the closest representation of the phenotype (Fessenden, 2016). 
The field of metabolomics has gained attention in the recent years, and the 
number of publications has rapidly increased with a growth from 23 publications 
in 2001 to 10480 publications in 2023 (Figure 1), since metabolomics is im-
portant in the field of clinical research, disease biomarker discovery, personalized 
medicine, nutrition, drug discovery and environment. 

 
 

 
Figure 1. Number of publications between 2001 and 2023 searching for the word “Meta-
bolomics” on ScienceDirect website (ScienceDirect, 2024).  

 
The metabolites are usually in a wide range of chemical and physical properties, 
such as polarity, which makes the coverage of the whole metabolome a challenge. 
The metabolomics workflow usually consists of sample preparation, data acqui-
sition by nuclear magnetic resonance spectroscopy (NMR), gas chromatography-
mass spectrometry (GC-MS) and/or liquid chromatography-mass spectrometry 
(LC-MS), followed by data cleaning, database search, statistical analyses, and 
interpretation of the results. GC-MS and LC-MS have higher sensitivity and 
specificity, being able to detect a large number of metabolites. However, since 
more metabolites are not volatile, LC-MS is still preferred over GC-MS.   
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Metabolomics can be divided into non-targeted and targeted analysis. Targeted 
metabolomics deals with the quantification of a pre-defined set of metabolites. 
Non-targeted metabolomics focuses on the simultaneous detection of a wider 
range of metabolites (from hundreds to thousands) and on their identification (Y. 
Chen et al., 2022). There are more than 200,000 metabolites in the plant kingdom 
(M. K. Patel et al., 2016) and currently there are approximately 230,000 meta-
bolites registered in the Human Metabolome Database (Wishart et al., 2007). In 
that way, the number of possible compounds present in a sample is innumerous 
in non-targeted analysis. 

For non-targeted metabolomics analysis, LC-MS is often used. To characterize 
and systematize the level of confidence in the compound identification process, 
a five-level system has been proposed (Schrimpe-Rutledge et al., 2016): at level 
5, the molecular mass is determined by MS measurement with accuracy de-
pending on the mass analyzer. The higher the mass accuracy, the fewer the 
number of possible compounds within a sample. At level 4, molecular formula is 
defined by determining charge state, adduct ion and isotopic abundance distribu-
tion; at level 3, database search and match based on MS1 results; at level 2, 
MS/MS database search and match based on fragmentation pattern together with 
other data, such as retention time and from NMR measurements; and level 1, 
injection of an authentic reference standard and confirmation of the identity 
(Schrimpe-Rutledge et al., 2016). An example of such classifications is given in 
Table 1. 
 
Table 1. Levels of identification in non-targeted metabolomics and the respective 
example. Adapted from (Schrimpe-Rutledge et al., 2016) 

Level Example

5 354 ± 1 Da (e.g. QqQ) 
354.16 ± 0.03 Da (e.g. Orbitrap)

4 C20H22N2O4

3 Tentative structure based on a metabolite database 
2 Putative identification based on fragmentation data in MS/MS library 

1 
3-[(E)-[(2S)-2-[(E)-(2,3-

dihydroxyphenyl)methyleneamino]cyclohexyl]iminomethyl]benzene-
1,2-diol

 
 
Depending on the desired approach, different instrumentation might be em-
ployed. Generally speaking, different mass analyzers can be used in LC-MS, such 
as single or triple quadrupole (QqQ), ion trap, quadrupole time-of-flight (QToF), 
orbitrap, and Fourier-transform ion cyclotron resonance (FTICR) with the latter 
three being considered as HRMS, and commonly employed in non-targeted meta-
bolomics because of their high mass accuracy and resolution. HRMS is usually 
employed in full scan (Martín-Blázquez et al., 2019; Olkowicz et al., 2021; 
Rochat et al., 2018), or followed by the more widely employed data-dependent 
acquisition (DDA) (Barco et al., 2022; B. Li et al., 2023; Torres et al., 2023) or 
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data-independent acquisition (DIA) (Guo & Huan, 2020; Ledesma-Escobar et al., 
2023; Shah et al., 2023). In targeted metabolomics, QqQ is usually the go-to mass 
analyzer since, in general, it presents a better sensitivity (lower limit of detection – 
LoD) and dynamic range. 

Specifically speaking about the analysis of amino compounds, AA can be 
either in a free or protein-bound form. The reference method for AA analysis in 
native form is based on ion-exchange chromatography (IEC), UV detection and 
post-column derivatization with ninhydrin with a short sample preparation step, 
but offers lengthy run times and low specificity (Held et al., 2011; Phipps et al., 
2020). Ion-pairing chromatography and hydrophilic interaction liquid chromato-
graphy (HILIC) are also often employed. Amino compounds can be analyzed by 
GC and capillary electrophoresis, but it is not as popular as LC methods with 
detection by ultraviolet (UV), fluorescent (FLD) or MS (Jain & Verma, 2018; 
Violi et al., 2020a). The latter detector provides information on compounds’ 
molecular mass and allows for the co-elution of compounds with different mole-
cular masses, so LC-MS/MS has become more widespread (K. Patel & Master, 
2020). However, analysis of AAs by LC-MS/MS provides its challenges due to 
their small size and ionic nature (Violi et al., 2020b), such as weak retention in 
an RP column and low ionization efficiency. 
 
 

2.2. LC-MS/MS analysis of amino compounds 
Amino compounds, especially AAs, in the native form are usually analyzed by 
HILIC or ion chromatography because of their polar and ionic nature due to the 
presence of charged amino and, in the case of AAs, charged carboxylic acid 
groups as well (Violi et al., 2020b). Currently, HILIC is the second most used 
chromatographic technique after RPLC, since peak asymmetry, splitting and 
broadening might occur due to the interactions from the protic sample solvent 
with the polar stationary phase (Morán-Garrido et al., 2022), there is a higher 
consumption of organic solvent (Kahsay et al., 2014) and a need for gradual 
column stabilization (Dias et al., 2021). To overcome these potential issues while 
analyzing amino compounds by HILIC, RPLC is the technique of choice, but the 
hydrophobicity of the amino compounds needs to be increased to guarantee enough 
retention in an RP column (e.g. C18 column). This can be achieved by the intro-
duction of a chemical tag to the amino compounds, which is called derivatization. 

Derivatization is a chemical reaction where the compound of interest is trans-
formed into a derivatized product that has more favorable properties than the 
underivatized analyte, with respect to the chromatographic separation and or/ 
detectability. In a nutshell, a chemical moiety, i.e. the derivatization reagent, is 
tagged to the analyte of interest. The labeled compounds have better retention in 
RPLC, and higher ionization efficiency under electrospray ionization (ESI). The 
derivatization procedure can be carried out either pre-column or post-column, but 
the latter requires a more complex instrumental set-up (Violi et al., 2020b). The 
derivatization reagent must comply with a high reaction yield, have a hydro-
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phobic moiety, improved stability and separation, cost reduction and no need for 
a post-derivatization sample clean-up.  

There are several derivatization reagents for amino compounds in the litera-
ture, but the ones used in this work are explained in detail and their reaction 
schemes are presented. O-phthalaldehyde (OPA) is a versatile reagent that can be 
used with several detectors and presents a straightforward procedure, but it is 
mostly used for FLD, since only the derivatization products are fluorescent, but 
the reagent itself is not (Oguri, 2005). A few examples of its use are for the 
quantification of AAs in fermented beverages by HPLC-UV (de Sousa Fontes et 
al., 2024), biogenic phosphonates in seawater by HPLC-FLD (S. Wang et al., 
2018) and glucosamine in biological samples by LC-MS/MS (Song et al., 2012). 
However, it does not react with secondary amines and its derivatives have lower 
stability compared to other derivatives (Munir & Badri, 2020).  

Several other reagents based on the displacement of a chloride atom have been 
extensively explored: dansyl chloride, in the quantification of adenosine in 
tumors by LC-MS/MS (Goodwin et al., 2019); dabsyl chloride, in the quanti-
fication of BAs in meat samples by HPLC-UV (De Mey et al., 2012); benzoyl 
chloride, in the quantification of 70 neurochemicals in biological samples (Wong 
et al., 2016); and fluorenylmethyloxycarbonyl chloride (Fmoc-Cl), in the deter-
mination of fumonisins in feed by HPLC-FLD (Smith et al., 2017). These 
reagents can be employed with several different detectors. On the other hand, 
they also react with phenolic compounds (Lacroix & Saussereau, 2012; Pernica 
et al., 2015; Yu, Zhang, Zhang, et al., 2022), which may raise selectivity problems 
if amines are the only compounds of interest.  

Other reagents include phenyl isothiocyanate (PITC, Figure 2), which has 
been used for the quantification of free catecholamines and glycine in biological 
fluids (D. Chen et al., 2021; Wilson et al., 2011; J. Zheng et al., 2018), with no 
side-products but it presents an extensive and a lengthy sample preparation pro-
cedure with a need for sample clean-up (G. Zheng et al., 2015). The reagent 2-
naphthylisothiocyanate (NITC), also belonging to the isothiocyanate family, has 
been explored as well (S.-H. Chen et al., 2006; Neidle et al., 1989; Rizzi et al., 
1995). The reagent 6-aminoquinolyl-N-hydroxysccinimidyl carbamate (AQC), 
developed by Waters® company has been widely studied (Gwatidzo et al., 2013).  
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Reaction between amino compounds and PITC. 

R1, R2 = H or ≠ H
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Diethyl ethoxymethylenemalonate (DEEMM, Figure 3) has been widely em-
ployed in the research group, e.g. for honey, onion, plant extracts and beverages 
analyses (Maciel et al., 2021, 2024; Rebane et al., 2014; Rebane & Herodes, 
2010; Zapata Flores et al., 2022), has also been employed in the determination of 
free amino compounds in cheeses (Poveda et al., 2016) and grapes (D’Amato et 
al., 2023). Overall, the experimental procedure is straightforward, but secondary 
amines react with DEEMM at a slower rate. 
 

R1, R2 = H or ≠ H  
Figure 3. Reaction between amino compounds and DEEMM. 

 
Fluorescamine (Figure 4) was originally developed for HPLC-FLD analysis, e.g. 
in the quantification of cephalosporins in biological samples (Blanchin et al., 
1988) and lisinopril in pharmaceutical products (Mohammed et al., 2018), which 
is a favorable detector since the reagent itself and its hydrolysis product are not 
fluorescent (Derayea & Samir, 2020). Studies of amino compounds with this 
reagent by LC-MS/MS have not been undertaken to the same extent, a few 
examples are the determination of levodopa and carbidopa in rat and monkey 
plasma (Junnotula & Licea-Perez, 2013) and dimethyl arginine in plasma (Junno-
tula et al., 2020). The reagent might also react with alcohols, thiols and secondary 
amines, and if present in excess, they might interfere with its reaction with 
primary amines (Castell et al., 1979).  Moreover, the primary product might 
undergo dehydration depending on the conditions employed (Junnotula & Licea-
Perez, 2013). 
 
 
 
 
 
 
 
 
 
Figure 4. Reaction between primary amino compounds and fluorescamine. 

 
In the case of another fluorescent reagent, 2-methoxy-2,4-diphenyl-3(2H)-fura-
none (MDPF, Figure 5), the application to amino compounds determination in 

-H
2
O
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real samples is scarce, but it has been employed for protein labeling (Alba et al., 
2009; Nawaz et al., 2015; Weigele et al., 1973). The reaction pathways are diffe-
rent if the reaction site is a primary or a secondary amine. Due to the absence of 
works regarding this reagent, it would be interesting to investigate it for the 
determination of amino compounds by LC-MS/MS. 
 
 
 
 
 
 
 
 
 
Figure 5. Reaction between amino compounds and MDPF.  
 
 
Permanently-positively-charged derivatization reagents, mostly based on the pre-
sence of triphenylphosphonium moiety (Zhe et al., 2016), improve ionization effi-
ciency due to the positive charge located in the phosphorous present in the 
structure, resulting in lower LoD and LoQs. Most widely known are (5-N-
succinimidoxy-5-oxopentyl)triphenylphosphonium bromide (SPTPP) (Inagaki et 
al., 2010; McNaney et al., 2014), and p-N,N,N-trimethylammonioanilyl N′-hydro-
xysuccinimidyl carbamate iodide (TAHS) (Shimbo et al., 2009), which are not 
commercially available. Another example is 2,5-dioxopyrrolidin-1-yl N-tri(pyr-
rolidino)phosphoranylideneamino carbamate (FOSF), synthesized in the research 
group (Rebane et al., 2012). On the contrary, (N-Succinimidyloxycarbonyl-
methyl)tris(2,4,6-trimethoxyphenyl)phosphonium bromide (TMPP, Figure 6) is 
commercially available and contains a trimethoxyphenylphosphonium moiety. It 
has been employed only for the determination of proteins in bottom-up pro-
teomics (Bagal & Gibson, 2021; Deng et al., 2015) and not for the determination 
of other amino-containing compounds. It is an interesting candidate to be ex-
plored further for that purpose, since charged reagents provide lower LoDs and 
LoQs. 
 
 
 
 
 
 
 
 
 
 
Figure 6. Reaction between amino compounds and TMPP. 

R2 or R3 = H R2, R3 ≠ H

O

O

O

N
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O
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Another group of charged derivatization reagents is based on the presence of a 
pyridinium moiety in a reaction that can be referred to as the Katritzky reaction 
(Figure 7). Quantification of BAs in fish has been carried out with 2,4,6-triethyl-
3,5-dimethyl pyrylium trifluoromethanesulfonate in a simple procedure (Shiono 
et al., 2021), but the reagent is not commercially available, whereas 2,4,6-tri-
phenylpyrylium (pyry) is and has been employed for labeling of peptides (Wa-
liczek et al., 2016). This reagent is also an interesting candidate for amino com-
pound analysis, since it might provide low LoD and LoQs. 
 
 
 
 
 
 
 
 
 
 

Figure 7. Reaction between primary amino compounds and pyry. 
 
 
Overall, each derivatization reagent has its advantages and drawbacks, and it is 
necessary to make a case-by-case assessment. Tertiary amines and amides are not 
derivatized by any of the aforementioned derivatization reagents. 
 
 

2.4. Derivatization-targeted analysis 
A way to overcome the enormous number of detected compounds in non-targeted 
analysis is by derivatizing a group of compounds, based on a functional group of 
interest, and relying on a constant fragmentation pattern of the derivatives. Two 
types of patterns can be observed: the presence of a common charged fragment, 
in which case precursor ion scan mode (PIS) can be used; or the loss of a neutral 
molecule, so constant neutral loss scan mode (NLS) can be employed. In NLS, 
both MS1 and MS2 scan simultaneously in sync, a peak is registered with a mass 
spectral signal from the precursor ion (MS1) that yielded the pre-selected neutral 
loss in the collision cell (Figure 8). In the case of PIS mode, the MS1 is in 
scanning mode and MS2 is set at the charged product ion of interest (Figure 9).  

Multiple neutral loss scanning has been employed to detect and identify 98 
triacylglycerols in salmon muscle tissue (Yeo & Parrish, 2020) and 15 new penta-
cyclic triterpenes in sea buckthorn (Sun et al., 2019) while constant neutral loss 
scan mode combined with product ion scan has been employed for the detection 
and the identification of 10 prenylated dihydrostilbenes in G. uralensis leaves 
(Meng et al., 2020). Closely related to this work, AAs have been detected in 
negative NLS mode (loss of 194) in miso samples after derivatization (Sakamoto 
et al., 2021). 
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The mass analyzer chosen for this work is the QqQ, since its sensitivity is usually 
higher than for HRMS instruments (Rochat, 2016), so it allows for the detection 
of less abundant compounds. In Table 2, a comparison between QqQ and HRMS 
from different vendors is presented. The strict comparison of the highest-end 
instruments from each company was not possible, because some information on 
the specifications of their instruments is not openly available. Nonetheless, the 
signal-to-noise ratio (S/N) is significantly higher for QqQ instruments. Some 
works in literature have compared both instruments. For example, better LoD and 
better precision for the analysis of 25-hydroxyvitamin D in human serum were 
achieved in QqQ instrumentation rather than in QToF (Geib et al., 2016). A com-
parison between Q-Exactive™ (in full scan and MS/MS modes) and QqQ (in 
MS/MS mode) for the analysis of illicit drugs in wastewater showed that some 
analytes have better LoQs in HRMS while others have better LoQs in QqQ. 
HRMS in full scan mode had the lowest score regarding selectivity (Fedorova et 
al., 2013).  
 
Table 2. Comparison of QqQ and HRMS instrumentation regarding their sensitivity. 

Instrument (type) Sensitivity Reference 
Thermo Scientific™ 

Orbitrap Exploris™ 480 Mass 
Spectrometer (HRMS) 

50 fg reserpine on-column 
(MS/MS), S/N 100:1 

(Thermo 
Scientific, 2024) 

Agilent Revident LC/Q-TOF 
(HRMS) 

1 pg reserpine on-column 
(S/N (RMS) > 1000:1) 

(Agilent 
Technologies, 

2024) 
Agilent 6495D Triple Quadrupole 

LC/MS (QqQ) 
IDL (instrument detection 
limit) < 0.4 fg of reserpine

(University, 2024) 

SCIEX 7600 ZenoTOF (HRMS) 1 pg reserpine on-column, 
S/N > 2500

(University, 2024) 

SCIEX Triple Quad™ 4500 LC-
MS/MS System (QqQ) 

1 pg reserpine on-column 
(MRM), S/N > 200,000

(Sciex, 2024) 

Shimadzu QToF LCMS-9050 
(HRMS) 

1 pg reserpine on-column 
(RSM, MS/MS mode), 

S/N > 10,000:1 

Contact with a 
Shimadzu repre-

sentative in 
Estonia 

Shimadzu LCMS-8060NX (QqQ) 1 pg reserpine on-column 
(RSM), S/N > 1,500,000:1

(Shimadzu, 2024) 

 
 
Utilizing NLS or PIS modes initially offers an advantage by specifically detecting 
derivatives of amino compounds, thereby reducing the number of potential com-
pounds detected in a complex sample. Each peak in the chromatogram cor-
responds to the m/z of the protonated molecule or sodium-adduct of derivative, 
[M+H]+ or [M+Na]+, respectively, allowing for the molecular weight of the amino 
compound to be back-calculated. This calculated value is then subjected to a 
molecular weight search in a relevant database, considering the chemical ele-



25 

ments within the compound's structure (CHN, CHON, CHNS, or CHONS), and 
the resulting list is assessed to determine the compounds likely occurring in the 
sample. Subsequently, the amino compounds are identified using reference stan-
dards and quantified via multiple reaction monitoring (MRM), which offers supe-
rior sensitivity in general. This workflow streamlines the process of selecting 
compounds for quantification compared to the trial-and-error approach by only 
using MRM (Figure 10). 

This approach is not completely non-targeted, because compounds from diffe-
rent classes are not encompassed. At the same time, it is not predetermined which 
amino compounds will be detected or quantified, therefore, the approach cannot 
be called targeted analysis. For that reason, this work introduces the derivati-
zation-targeted analysis concept and it has been cited as one of the current 
approaches to map the polar metabolome (Lioupi et al., 2023).  
 

 
Figure 10.  Derivatization-targeted analysis workflow.  

 
The disadvantage of this method is the need to analyze the data manually since 
there is no available software capable of processing the generated chromatogram 
and its mass spectra under NLS or PIS modes. Besides, there is no database avail-
able for derivatized compounds.  
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3. EXPERIMENTAL 

3.1. Chemicals and equipment 
The chemicals and equipment used in this research are detailed in their respective 
publications, except for fluorescamine, 2-Methoxy-2,4-diphenyl-3(2H)-furanone 
(98%), 4-dimethylamino-1-naphthyl isothiocyanate (> 98%), sarcosine (≥ 98%), 
O-phosphoserine (> 98%), from TCI Chemicals,  (N-Succinimidyloxycarbonyl-
methyl)tris(2,4,6-trimethoxyphenyl)phosphonium bromide (≥ 98.5%), 4-sulfo-
phenylisothiocyanate sodium salt monohydrate (technical grade), 2-aminophenol 
(99%), aniline ≥ (99.5%), diethylamine (≥ 99.5%), isobutylamine (99%), butyl-
amine (99.5%) from Sigma-Aldrich, phenyl isothiocyanate (≥ 98 %), 1-naphthy-
lisothiocyanate (> 98.5%) from Fluka, 2-(4-morpholinyl)ethylisothiocyanate 
(97%), kynurenine (> 99%), 2,4,6-triphenylpyrylium tetrafluoroborate (97%), 
methionine sulfoxide (99.85%) from Alfa Aesar, thiaproline (98%) from Thermo 
Scientific. 
 

3.2. Stock and standard solutions 
Individual stock solutions of the amino compounds were prepared in different 
concentrations between 1 – 6 mg/g in 30 % methanol in aqueous 0.1 M HCl and 
stored at –20 °C. Standard solutions were prepared at a pre-defined concentration 
of amino compounds in the same solvent.  
 
 

3.3. Sample preparation 
An ultrasonic-assisted-solid-liquid extraction was carried out for all the samples 
at room temperature in an ultrasonic bath (Bandelin Sonorex). In paper I and II, 
the extracts were submitted to centrifugation for 10 minutes at maximum speed 
(MTS MPW 340 centrifuge), while in paper III, the extracts were centrifuged for 
10 minutes at 10,000 rpm (14,869 × g) (Eppendorf centrifuge 5430 R). The 
supernatants were filtered through a syringe filter (0.20 μm pore size, 25 mm 
diameter, hydrophilic regenerated cellulose; Chromafil®Xtra, Macherey-Nagel) 
and then submitted to derivatization, except in paper III, in which case the super-
natants were diluted 6-fold beforehand. Parameters such as the mass of the 
sample, solvent and solvent volume, extraction time and cycles are presented in 
Table 3. 
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3.4. Derivatization procedure 
DEEMM derivatization procedure (Paper I and II): Derivatization was 
carried out at room temperature in a 1.5 mL glass vial by addition of solutions in 
the following order and mixing after each addition: 588 μL of the sample extract 
in 30% methanol in aqueous 0.1 M HCl, 875 μL of borate buffer (0.75 M, pH 9), 
7 μL of DEEMM. After 2 h, 30 μL of the quenching reagent (hydroxylamine,  
1.5 M) was added. 

DEEMM derivatization procedure (Paper III): Derivatization was carried 
out at room temperature in a 2.0 mL Eppendorf tube by addition of 100 μL of the 
extract, 488 μL of 30% methanol in aqueous 0.1 M HCl, 875 μL of borate buffer 
(0.75 M, pH 9), 7 μL of DEEMM, with and without addition of 30 μL of the 
quenching reagent (hydroxylamine, 1.5 M) after 2 hours. If the quenching reagent 
was not added, 518 μL of 30% methanol in aqueous 0.1 M HCl was used. 

Derivatization procedure for other reagents: for isothiocyanate reagents, 
200 μL of amino compound standard solution (10 mg/kg) in bicarbonate buffer 
(0.020 M, pH 8.6), 50 μL of acetonitrile and 150 μL of isothiocyanate reagent 
solution were mixed together. The reagent 4-SPITC was dissolved in the buffer 
solution (2 mg/ml); PITC and 2-(4-morpholinyl)ethyl isothiocyanate (MORPHO) 
were diluted in acetonitrile (1:50); and NITC and 4-dimethylamino-1-naphthyl 
isothiocyanate (4-AMITIC) were dissolved in acetonitrile (2 mg/ml). In the case 
of other reagents, 300 μL of borate buffer (0.25 M, pH 8 or 9), 30% acetonitrile 
aqueous solution, 1 μL of amino compound stock solution and 25 μL of deri-
vatization reagent solution in acetonitrile (2 mg/ml) were employed. 

 
 

3.5. LC-MS/MS analysis 
All the analyses were conducted on an HPLC-MS system with an Agilent 1290 
Infinity II quaternary pump, column thermostat, an autosampler and an Agilent 
6460 Triple Quadrupole (QqQ) mass spectrometer (MS) with Agilent Jet Stream 
Technology (heated electrospray) ionization source (AJS-ESI). The column was 
maintained at 40°C. The mobile phase was composed of 0.1% aqueous formic 
acid (component A) and acetonitrile (component B). The LC-MS/MS parameters 
employed in this work are shown in Table 4 as well as the MRM transitions (Table 
5) used for the quantification of amino compounds (paper III). 
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Table 5. MRM transitions and retention time (minutes) for the quantified DEEMM-
derivatives in paper III in alphabetical order. Fragmentor voltage 90 V and collision 
energy 8 V. 

Compound Name Precursor Ion 
[M+H]+

Product Ion 
[M+H]+

Retention time 
(min) 

3-methoxytyramine 338 292 13.57 
5-aminovaleric acid 288 242 11.13 
α-aminobutyric acid 274 228 11.89 

Agmatine 301 255 7.49 
α-alanine 260 214 10.33 

Aminoadipic acid 332 286 9.56 
Arginine 345 299 6.28 

Asparagine 303 257 6.96 
Aspartic acid 304 258 8.15 

β-alanine 260 214 9.36 
Cadaverine 443 397 17.23 
Citrulline 346 300 8.02 
Cysteine 462 416 14.08 

Ethanolamine 232 186 8.42 
Ethylamine 216 170 12.54 

γ-aminobutyric acid 274 228 10.00 
Glutamine 317 271 7.30 

Glutamic acid 318 272 8.59 
Glycine 246 200 8.88 

Glycylglycine 303 257 7.77 
Histidine 326 280 4.79 
Histamine 282 236 6.05 

Hypotaurine 280 234 6.63 
Isoleucine 302 256 14.40 

Isopentylamine 258 212 18.24 
Leucine 302 256 14.60 
Lysine 441 395 14.90 

Methionine 320 274 12.67 
Methionine sulfone 352 306 8.66 

Methylamine 202 156 10.32 
Octopamine 324 278 10.82 

Ornithine 473 427 14.09 
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Compound Name Precursor Ion 
[M+H]+

Product Ion 
[M+H]+

Retention time 
(min) 

Phenylalanine 336 290 14.40 
Phenylethylamine 292 246 17.44 

Proline 286 240 10.41 
Putrescine 383 337 16.20 

Serine 276 230 7.60 
Serotonin 347 301 12.58 

S-methylcysteine 306 260 11.75 
Taurine 296 250 6.06 

Threonine 290 244 8.76 
Tryptophan 375 329 13.57 
Tryptamine 331 285 16.63 

Tyrosine 352 306 11.03 
Tyramine 308 262 13.42 

Valine 288 242 12.91 
 
 

3.6. Software  
All the chemical structures were drawn in BIOVIA Draw 2021 (Systemes, 2024). 
Figure 10 was created in Biorender (BioRender, 2024). The optimization of the 
fragmentor voltage and collision energy was carried out by the Agilent Mass-
Hunter Optimizer software version B.08.02. Agilent Quantitative Analysis 
Version B.08.00 / Build 8.0.598.0 was employed to obtain peak areas and Agilent 
Qualitative Analysis navigator version B.08.00 / Build 8.0.8208.0 was used for 
chromatogram treatment. The correlation plot was created in the R software (R 
Core Team, 2020; Simko & Wei, 2017) as well as the design of experiments 
(DoE) results analysis and plots (Lenth, 2009). The heatmap was created by using 
Morpheus software (Broad Institute, 2024).  
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4. RESULTS AND DISCUSSION 

4.1. Optimization of neutral loss scan mode of DEEMM 
derivatives (Paper I) 

The derivatives of DEEMM present an interesting fragmentation pattern with the 
loss of an ethanol molecule (-46 Da) from the protonated precursor ion [M+H]+ 
under CID conditions. The site of protonation of the derivatives can be either on 
the oxygen or on the nitrogen due to the intramolecular hydrogen bonding 
between the hydrogen bonded to the nitrogen and the oxygen from the carbonyl 
group (Figure 11) (Gómez-Alonso et al., 2007).  
 
 

 
Figure 11. Primary-amine DEEMM-derivative and its hydrogen bonding between 
nitrogen and oxygen. 

 
 
Regardless of the protonation site, the charged fragment generated has the same 
structure and the release of an ethanol molecule takes place (Figure 12).   
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In derivatization-targeted analysis, unlike MRM, the aim is to see clearly as many 
peaks as possible. When the NLS mode chromatogram was generated from the 
optimized reaction parameters (Rebane & Herodes, 2010), several peaks from the 
reaction blank were present, such as DEEMM itself (m/z 217), the methanolysis 
(m/z 203) and the hydrolysis (m/z 161 and 189) products (Figure 13). The metha-
nolysis peak was confirmed by changing the solvent to isopropanol and detecting 
the peak of the product between DEEMM and isopropanol (m/z 231). 
 

 
Figure 13. Chromatogram in NLS mode of a solution of DEEMM highlighting the major 
peaks: 6.67 min (m/z 188 – DEEMM-ammonia derivative); 7.94 min (m/z 161 – DEEMM 
hydrolysis product); 8.32 min (m/z 203 – DEEMM methanolysis product); 9.27 min (m/z 
189 – DEEMM hydrolysis product) and 9.52 min (m/z 217 – DEEMM). 

 
Since one of the main peaks corresponded to the methanolysis product, the 
volume of methanol was decreased by employing neat DEEMM instead of a 
DEEMM solution in methanol (1:50) and the volumes of the other reagents were 
adjusted accordingly (Figure 14).  
 

 
Figure 14. Comparison between chromatograms in NLS mode, employing diluted (blue 
line) and neat DEEMM (black line). Analysis after 24 h. The peak at RT = 8.31 minutes 
corresponds to the methanolysis product. Diluted refers to the method in which a solution 
of DEEMM in methanol (1:50) was employed and neat refers to the method in which 
DEEMM is added as it is, not diluted in any solvent. 
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The peak corresponding to the methanolysis product was not fully eliminated by 
employing neat DEEMM. To overcome this, the reaction was carried out in 
solvents other than methanol: acetonitrile and ethanol. The methanolysis peak 
was no longer present at the same intensity (Figure 15) and new peaks seemed to 
arise, e.g. a peak corresponding to m/z 216 when ethanol was employed. The next 
step was to understand how the solvent affects the sensitivity of DEEMM 
derivatives of amino compounds.  
 
 

 
Figure 15. Comparison between chromatograms in NLS mode employing methanol 
(black line), ethanol (red line) and acetonitrile (green line). Analysis after 24 hours. The 
peak at RT = 8.33 minutes corresponds to the methanolysis product. 

 
Nine chemically different AAs were chosen for optimization of the reaction 
conditions in a standard solution, namely arginine, aspartic acid, threonine, pro-
line, tyrosine, tryptophan, phenylalanine and isoleucine (Table 6).  
 
Table 6. LC-MS information on the DEEMM derivatives of AAs concerning the proto-
nated derivative [M+H]+, the retention time in minutes, which corresponds to the method 
used for method development (gradient I in Table 4). 

Amino acid derivative [M+H]+ Retention time (minutes) 
Arginine 345 5.20

Aspartic acid 304 6.35
Threonine 290 6.74

Proline 286 7.81
Tyrosine 352 8.19

Tryptophan 375 9.75
Phenylalanine 336 10.13

Isoleucine 302 10.27
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These compounds were submitted to derivatization in different solvents, ethanol 
and acetonitrile, and their peak areas were recorded in NLS mode (Figure 16). 
 
 

 
Figure 16. Average peak area comparison for DEEMM-derivatives of 8 amino acids in a 
standard solution for the solvents ethanol, methanol, acetonitrile (neat) and methanol 
(neat and diluted) as the reaction medium (n = 2). 

 
 
The one-way ANOVA p-values are statistically significant for all the AAs (p < 
0.001) mainly because of the lowest peak area given by the diluted methanol 
medium. Proline is an exception since diluted methanol and acetonitrile present 
similar peak areas. Additionally, the peak area of aspartic acid in the acetonitrile 
solution is considerably lower than in the other solvents because peak splitting 
took place, which might be due to the difference between the strength of the 
mobile phase and the injected solution. In general, acetonitrile and ethanol as 
derivatization reaction medium provided higher peak areas followed by methanol 
(neat). The latter solvent was chosen for further experiments since the deriva-
tization yield for DEEMM was evaluated for it. 

Several quenching reagents were tested for it to react with the DEEMM excess 
and perhaps prevent the methanolysis and the hydrolysis reaction. Hydroxylamine 
(1.5 M), diethylamine (10 M), butylamine (10 M), 2-amino-2- (hydroxymethyl)-
propane-1,3-diol (1.5 M) and glycine (0.5 M) were chosen based on their 
chemical structure (on the extremes of polarity) and their solubility in 30% 
methanol in aqueous 0.1 M HCl. Heptylamine was also tested since its derivative 
was expected to have a long retention time, but its solubility in the water-based 
solvent was not sufficient for the reaction. The retention time of their derivatives 
is an important parameter because the peak of the quenching reagent should not 
overlap with the peaks of the analytes of interest (Table 7). The quenching reagent 
was added 2 hours after starting the derivatization reaction. 
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Table 7. Different quenching reagents for DEEMM derivatization and their respective 
protonated m/z and retention time (minutes). 

Quenching reagent [M+H]+ Retention time 
(minutes) 

Hydroxylamine 158 1.77 
2-amino-2-(hydroxymethyl)propane-1,3-diol (Tris) 292 5.52 

Glycine 246 6.77 
Diethylamine 244 10.15 
Butylamine 244 11.60 

 
 
Hydroxylamine is a good candidate for quenching due to the high polarity of its 
DEEMM derivative and therefore leading to a short retention time (RT = 1.5 
minutes). The chromatographic profile became cleaner as a result of the addition 
of the quenching reagent after 2 hours (Figure 17).  
 
 

 
Figure 17. NLS profile of a blank solution derivatized with DEEMM without quenching 
(black line) and with hydroxylamine as quencher (blue line). Derivatization was carried 
out in 30% methanol in aqueous 0.1 M HCl and analysis was performed after 24 hours. 

 
 
The addition time of the quenching reagent was also tested at three different 
times, right away, after 2 hours and after 24 hours. However, the right-away addi-
tion proved to affect the derivatization step significantly (Figure 18), especially 
in the case of aspartic acid, isoleucine and proline, which is shown by the lower 
peak areas. The results of 2 and 24 hours are comparable, and, in some cases, 
derivatives present a higher peak area for a quenching carried out after 2 hours, 
with the only exception being proline. Therefore, since quenching after 24 hours 
would make the procedure too long, 2 hours was used as the quenching time. 
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After establishing the addition of the quenching reagent after 2 hours, different 
analysis times were tried out too (Figure 19). At first, there is an interference peak 
between 6.5 and 8 minutes, which disappears already after 160 minutes. Con-
sequently, analysis time should be at least 3 hours after the quenching is carried 
out. 
 
 

 
Figure 19. Analysis over time of hydroxylamine addition to DEEMM derivatization mix-
ture with the addition of hydroxylamine in 30% methanol in aqueous 0.1 M HCl solution: 
immediately (black line), after 40 minutes (red), 80 minutes (pink), 160 minutes (blue), 
440 min (green) and 720 minutes (orange) (paper I). 

 
The influence of the quenching reagent on the peak area of the 9 AAs was studied 
and the p-value was used to compare the two treatments (Figure 20). Proline’s 
peak area is affected by the addition of the quenching reagent with a significant 
decrease (p < 0.001), as previously pointed out (Figure 18b), emphasizing how 
slowly secondary amines react with DEEMM. Other AAs showed higher peak 
areas with the addition of the quenching reagent. An exception is aspartic acid, 
which showed comparable peak areas for both treatments. Other than that, trypto-
phan was the only AA that presented a statistically significant difference (p < 
0.001) between the two treatments. 
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Figure 20. Comparison between peak areas in NLS mode of nine AA DEEMM-deriva-
tives with and without the addition of the quenching reagent (n = 2). * p < 0.001 for the 
one-way ANOVA test. 

 
In order to apply the developed method to a real sample, the extract of Carduus 
nutans subsp. macrocephalus (Desf.) Nyman, a wild edible species that grows in 
the Mediterranean territory, was chosen to explore its amino compound content 
since its metabolic profiling is restricted to polyphenol compounds (Marengo et 
al., 2017). Polyphenols are secondary or specialized metabolites in plants and are 
responsible for defense against microorganisms (antimicrobial) and used in 
signaling pathways, produced under biotic stress situations. Plant primary meta-
bolites participate in the plant’s growth and can vary due to abiotic stress and 
include vitamins, carbohydrates and AAs, among others (Salam et al., 2023).  

In total, 21 amino compounds were detected and identified by the injection of 
their reference standard and 7 remained unidentified, labeled as “unknown” 
(Table 8). However, the presence of α-aminobutyric acid, β-aminobutyric acid 
(m/z 274 at 9.67 and 10.64 min, respectively) and ethanolamine (m/z 232 at 7.283 
min) was speculated. 
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Table 8. List of identified derivatives in the extract of Carduus nutans subsp. Macro-
cephalus (Desf.) Nyman. Each compound is described by their retention time (gradient II 
on Table 4), protonated molecule (m/z), molecular weight of the derivative and amino 
compound (g/mol) and identified compound name (paper I).  

RT 
(min) [M+H]+ 

Derivative 
molecular weight 

(g/mol)

Molecular 
weight (g/mol) Compound name 

1.540 159.0 158.0 33.0 Hydroxylamine 
derivative 

3.742 325.9 324.9 154.9 Histidine 
5.145 282.0 281.0 111.0 Unknown 
5.546 345.0 344.0 174.0 Arginine 
5.846 365.0 364.0/342.02 194.0/172.02 Unknown 
6.014 302.9 301.9 131.9 Asparagine 
6.364 317.0 316.0 146.0 Glutamine 
6.632 275.9 274.9 104.9 Serine 
6.832 258.9 257.9/235.92 87.9/65.92 Unknown 
7.116 303.9 302.9 132.9 Aspartic acid 
7.283 232.0 231.0 61.0 Unknown 
7.734 290.0 289.0 119.0 Threonine 
8.319 259.9 258.9/236.92 88.9/66.92 Unknown 
8.970 274.0 273.0 103.0 γ-aminobutyric acid 
9.304 260.0 259.0 89.0 Alanine 
9.388 286.0 285.0 115.0 Proline 
9.668 274.0 273.0 103.0 Unknown 
9.956 288.0 287.0/265.02 117.0/95.02 Unknown 

10.056 352.0 351.0 181.0 Tyrosine 
10.641 274.0 273.0 103.0 Unknown 
10.858 324.0 323.0/301.02 153.0/131.02 Unknown 
11.459 242.0 241.0/219.02 71.0/49.02 Unknown 
11.894 288.0 287.0 117.0 Valine 
12.311 308.0 307.0 137.0 Tyramine 
12.545 375.0 374.0 204.0 Tryptophan 
12.829 427.01 472.0 132.0 Ornithine 
13.096 336.0 335.0 165.0 Phenylalanine 
13.280 302.0 301.0 131.0 Isoleucine 
13.481 302.0 301.0 131.0 Leucine 
13.547 441.01/509.02 486.0 146.0 Lysine 
14.733 383.01 428.0 88.0 Putrescine 
15.903 292.0 291.0 121.0 Phenylethylamine 
16.454 353.0 352.0/330.02 182.0/160.02 Unknown 

1 Loss of 46 from the disubstituted derivative, 2 Sodium adduct [M+Na]+ 
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4.2. Discrimination of plant samples  
in neutral loss scan mode (Paper II) 

The method developed in Paper I was further applied to six individuals of five 
different species of Carduus genus, all collected on the island of Sardinia, Italy, 
as well as the species Ptilostemon casabonae from different locations: C. argyroa 
(CA); C. cephalanthus (CC); C. nutans subsp. Macrocephalus (CN); C. pycno-
cephalus (CP); P. casabonae from Corse (PCC); P. casabonae from Sardinia 
(Gennargentu, PCG); P. casabonae from Sardinia (Iglesias, PCI). The amino 
compound profiles were investigated and compared among these samples to 
understand if the discrimination of the plant species and geographical origins was 
possible as it has been found and determined for the polyphenol profiles of 
Carduus species (Marengo et al., 2017). The statistical analyses principal com-
ponent analysis (PCA), partial least squares discriminant analysis (PLS-DA) and 
hierarchical clustering were employed for such purpose. 

In order to optimize the ultrasound-assisted solid-liquid extraction (UASE) 
procedure, a design of experiment (DoE) was used. Central composite design 
(CCD) was employed to identify any statistically significant parameters among 
the volume of solvent (3 – 10 mL), the amount of solid sample (50 – 200 mg) and 
the extraction time (10 – 40 min). In CCD, star or axial points are included in the 
design in order to estimate the curvature of the model as well as for the estimation 
of first and second-order terms (Bhattacharya, 2021). 

The results of the preliminary DoE showed that the only parameter that was 
not statistically significant in the sum of the peak areas of all the detected com-
pounds was the extraction time, which was set at 10 minutes in the following 
experiments for optimization. Another CCD was employed for the optimization 
of the extraction procedure with regard to the volume of the solvent and the 
amount of plant matrix (Table 9). 
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Table 9. DoE for the optimization of the UASE extraction with the variables volume of 
solvent (mL) and plant weight (mg). 

Volume of solvent (mL) Plant material (mg)
3 140
3 140
5 140
5 140
3 200
3 200
5 200
5 200
4 170
4 170
4 170
4 170
4 170

2.6 170
5.4 170
4 128
4 212

 
 
The generated data, based on the sum of the peak areas in NLS mode, was ana-
lyzed by response surface methodology (RSM) (Hanrahan et al., 2005; Sarabia & 
Ortiz, 2009). The model was evaluated based on its p-value as well as the lack of 
fit, the parameters volume’s and mass’ and their interaction’s p-value (Table 10). 
The most statistically significant variable was the solvent volume followed by the 
plant mass (p < 0.05).  
 
 
Table 10. p-values of the variables volume (V), mass (m), volume and mass (V:m) inter-
action, model, and lack of fit and adjusted R2. 

Factor p-value 
Intercept 1.26E-08 *** 7.46E-10 ***

V 0.018 *  0.011 *  
m 0.067 * 0.049 *  

V:m 0.72 -
Model 0.043 * 0.013 *

Lack of fit 0.146 0.159

Adjusted R2 0.58 0.63
*** p ≈ 0; ** p < 0.001; * p ≈ 0.05 
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Although the response surface plot (Figure 21) suggests that the reduction of the 
solvent volume and the increase of the plant mass will enhance extraction effi-
ciency, the variables were set at 3 mL and 200 mg, respectively, due to experi-
mental limitations. 
 
 

 
Figure 21. Response surface plot of the dependence of the sum of peak areas on the 
variables volume (mL) and plant mass (mg). 

 
 
Compared to the previous work, 9 additional compounds were detected, namely 
taurine, histamine, glycine, glutamic acid, methylamine, β-aminobutyric acid 
(BABA), α-aminobutyric acid (AABA), ethylamine, dopamine, pyrrolidine and 
isopentylamine since the extraction procedure was optimized and a slower 
gradient was employed, thus resulting in improved peak separation and enabling 
the detection of more amino compounds. 

The NLS mode was also employed for the semi-quantification of the com-
pounds based on a single-point external calibration. The amino compounds pre-
sent at high concentrations are proline, glutamine, asparagine and glutamic acid 
(approximately 1 g/kg). The high concentration of proline is due to its accumu-
lation in the plant, since it might play a role in stress tolerance (Trovato et al., 
2021). The results were also used to build a heatmap with hierarchical clustering 
based on Pearson distance (Figure 22).  
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Figure 22. Hierarchical clustering (Pearson distance) and heat-map visualization for six 
individuals of 5 different Carduus species and Ptilostemon casabonae from different 
locations based on the semi-quantification of 32 compounds in NLS mode. Blue color 
represents lower concentration and red represents higher concentration values (paper II). 
CA: C. argyroa; CC: C. cephalanthus; CN: C. nutans subsp. Macrocephalus; CP: C. 
pycnocephalus CP; PCC: P. casabonae from Corse; PCG: P. casabonae from Sardinia 
(Gennargentu); PCI: P. casabonae from Sardinia (Iglesias) 

 
The separation between the two different genus Carduus and Ptilostemon comes 
from the higher content of amino compounds, in general, in Carduus species 
especially in the case of the species C. pycnocephalus and C. argyroa. Moreover, 
P. casabonae from different locations did not show any significant differences in 
terms of their amino compound content. These results show these plants can be 
distinguished based on their genera and this is a straightforward approach to get 
a primary amino-containing metabolites profiles of plants. 
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4.3. Detection of amino compounds in agricultural by-
products and their quantification by multiple reaction 

monitoring (Paper III) 
Agricultural by-products consist of peels, leaves, seeds, pomace, bagasse and 
stems and their valorization comes down to recovering their bioactive compounds 
which can be applied in livestock feed supplements. The agricultural by-products 
hempseed (Cannabis sativa L.) hull (HPH), sea buckthorn (Hippophae rham-
noides) pomace (SBP) and leaves (SBL), apple (Malus domestica Borkh., variety 
Belorusskoje malinovoje) pomace (AP) and oat (Avena sativa) bran (OB) were 
analyzed for their free amino compounds content and to evaluate HPH, SBP and 
SBL as potential feed supplement while AP and OB were also analyzed because 
they have been employed as livestock feed (Ralla et al., 2018; Zhang et al., 2021) 
and, therefore, are used to compare the samples.  

Protein-bound AAs need to be digested while free AAs are readily absorbed 
in the stomach (Eugenio et al., 2022). The higher the AAs bioavailability, the 
bigger the increase in the concentration of AA in plasma samples as observed in 
young adults and pigs (Eugenio et al., 2023; Weijzen et al., 2022). Free AA and 
peptides trigger microbial protein synthesis in the rumen (Schwab & Broderick, 
2017) and the fast release of AAs in the bloodstream might affect the first-pass 
metabolism (Eugenio et al., 2023). However, since there is an increase in the trend 
to replace intact proteins with hydrolysates and free AAs, there is a need for long-
term studies about the correct proportion of intact protein and free AAs to 
enhance animal performance and health (Eugenio et al., 2022).  

The first step was to detect amino compounds by combining DEEMM deri-
vatization and NLS mode. Considering all the samples, 78 peaks were detected 
(Figure 23), of which 46 were identified by the injection of a reference standard 
and quantified in dMRM mode. On the other hand, 32 compounds remained 
unidentified (Table 11). 

 
 

 
Figure 23. NLS chromatograms comparing the profiles among blank (black line) hemp-
seed hull (dark green line), oat bran (pink line), apple pomace (brown line), sea buckthorn 
pomace (orange line) and leaves (light green line) (paper III). 
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Table 11. Peaks of compounds, which were detected but not identified in the samples. 
HPH: hempseed hull, SBP: sea buckthorn pomace, OB: oat bran, AP: apple pomace and 
SBL: sea buckthorn leaves. The sign “+” indicates detected and “–” indicates not detected. 

Retention 
time (min) 

[M+H]+ DEEMM 
derivative 

Molar mass amino 
compound* (g/mol) HPH SBP OB  AP SBL 

5.11 340 169 + - + + - 
5.21 334 163 - - - - + 
5.48 386 215 + + + + - 
5.48 340 169 + - + + - 
5.59 373 202 - - - + + 
6.32 350 179 + + + + + 
6.55 345 174 + - + - - 
6.63 350 179 - + - + + 
6.81 356 185 + - + + + 
6.91 422 251 + + + + + 
7.60 303 132 - + - - - 
7.49 346 175 - - - - + 
7.48 336 165 - - - + + 
7.73 276 105 - - - + + 
7.81 226 55 + - + - - 
7.81 259 88 + - + - + 
7.81 375 204 + - + + - 
8.99 285 114 - + - + - 
9.07 379 208 - - - - + 
9.14 317 146 - + - - - 
9.47 416 245 + - + - - 
9.69 287 116 - - - - + 
9.69 317 146 - + - - - 
10.01 301 130 - - - + + 
11.05 338 167 + - - - - 
11.74 447 276 - - - - + 
11.90 379 208 - - - - + 
12.05 324 153 + + - - - 
14.08 521 350 - - - - + 
15.11 369 198 - - - - + 
15.11 415 244 - - - - + 
16.21 429 258 - - - + + 
16.68 331 160  - - - - + 

* assuming it is a monosubstituted derivative 
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The DEEMM derivatives of amino compounds with different functional groups 
were submitted to fragmentation at different collision energy values (0 – 40 V) in 
both positive and negative modes to unravel the chemical structure of the “un-
known” compounds. In that way, it is possible to correlate the presence of a frag-
ment or a neutral loss to a functional group. For instance, amino compounds with 
a primary amide (e.g. asparagine), a carbamide (e.g. citrulline) or a guanidine 
(e.g. agmatine) group undergo a neutral loss of 17 Da (NH3) in positive ionization 
mode. However, in negative mode, a neutral loss of 18 Da is detected for primary 
amides, while a neutral loss of 43 and 42 Da are detected for carbamide and 
guanidine-containing compounds, respectively. As for secondary amides, no 
specific fragments are detected in positive mode, but in negative mode, a neutral 
loss of 57 Da is present for glycylglycine and 18 Da for theanine.  

One example is the peak corresponding to m/z 385 (RT = 5.48 min), present 
in all the samples, except SBL. The results indicate the presence of a carboxylic 
acid moiety or a hydroxyl group due to the neutral loss of 18 (H2O) in both posi-
tive and negative modes as one of the first fragmentation pathways.  
 

4.3.1 Extraction optimization 

Following the work with plant samples, a UASE of the agricultural by-products 
was carried out, firstly by optimizing the extraction solvent at room temperature 
and extraction time of 10 minutes. Different aqueous solutions, 80% ethanol, 5% 
trichloroacetic (TCA) and trifluoroacetic acids (TFA), 0.1 and 0.01 M HCl, water, 
50% aqueous acetonitrile and 30% methanol in aqueous 0.1 M HCl were tested 
for the samples HPH, SBP, AP and OB. In total, 36 amino compounds were 
evaluated in terms of their peak area under NLS mode (Figure 24). This enables 
the addition of newly confirmed compounds to the dataset later, which is not pos-
sible in MRM mode. 
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In general, 80% aqueous ethanol provides lower recoveries due to its relatively 
lower polarity, but for example, proline has one of the highest extraction rates 
with this solvent. Serotonin is better extracted by the solvents 50% aqueous aceto-
nitrile and 30% methanol in aqueous 0.1 M HCl. The solvent 30% methanol in 
aqueous 0.1 M HCl provided a good compromise for most compounds con-
sidering extraction efficiency and repeatability (RSD < 20%).  

Other equally important extraction parameters are temperature, volume of the 
solvent, time of the extraction, sample mass, etc. After solvent optimization, the 
temperature (25 – 60 °C), the volume (2 – 6 mL) and the time (15 – 45 minutes) 
of the extraction were optimized in terms of the design of experiment (DoE), a 
full-factorial design with central points was employed (Table 12), and the gene-
rated data was analyzed by RSM. 
 
Table 12. Full-factorial design with central points for the study of extraction efficiency 
by ultrasonic-assisted solid-liquid extraction for temperature (°C), extraction time (minu-
tes) and solvent volume (mL). 

Temperature (°C) Extraction time (min) Volume (mL) 
25 15 2 
60 15 2 
25 45 2 
60 45 2 
25 15 6 
60 15 6 
25 45 6 
60 45 6 

42.5 30 4 
42.5 30 4 
42.5 30 4 

 
 
The DoE was carried out for the samples HPH and SBP, since their extraction 
was done in different solvents. The model was evaluated based on its p-value as 
well as the lack of fit, the parameters temperature’s, time’s and volume’s and their 
interactions’ p-value (Table 13). The only statistically significant (p < 0.05) 
variable was the solvent volume for both samples. The lack of fit was not statis-
tically significant (p > 0.05) for the sample HPH in the three models built, while 
the lack of fit significance decreased as statistically non-significant variables 
were removed from the model for the sample SBP. 
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After understanding that the extraction time and the temperature were not statis-
tically significant in the studied range, the next step was to evaluate how many 
extraction cycles were needed for the complete extraction of components with 
less favorable partition coefficients. The samples HPH and SBP were submitted 
to a solid-liquid extraction for four rounds or cycles. The graph in Figure 25 
shows that the content of free amino compounds is relatively low in the 4th 
extraction cycle compared to the content in the 1st cycle. On average, less than 
3% of the content of amino compounds was present at the 4th cycle, so a three-
cycle extraction was chosen for compounds present at higher concentrations. 
Some analytes present at low concentrations were extracted with only one cycle, 
especially for the samples SBP and AP, since they presented a lower content of 
free amino compounds overall.  
 
 

        
(a) 

        
(b) 
Figure 25. Sum of peak areas in NLS mode of (a) 37 amino compounds in HPH, and (b) 
31 amino compounds in SBP after four extraction cycles in NLS mode (n = 2). 
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4.3.2 Cysteine quantification 

The presence of cysteine was expected in all of the samples, but it was not 
detected. Cysteine is a PAA with a thiol group present in its chemical structure. 
Thiol groups are highly reactive and, therefore, cysteine can dimerize to form 
cystine through a disulfide bond. Consequently, the addition of a reducing agent 
was necessary in order to stop this oxidation process. Moreover, it was found that 
DEEMM also reacts with the thiol group of cysteine, therefore the disubstituted 
derivative was detected and used for quantification purposes (Figure 26). Thiol 
groups have been derivatized to prevent oxidation from taking place in biological 
samples (Russo et al., 2020). 
 

Disubstituted cysteine
M.W. = 461.48 g/mol

Cystine

Cystine

Cysteine

Cysteine

Monosubstituted cysteine
M.W. = 291.32 g/mol

Reducing agent
e.g. DTT, mercaptoethanol

DEEMM 
derivatization

 
Figure 26. Formation of cystine via oxidation of cysteine, followed by the reduction re-
action of cystine, triggered by a reducing agent, leading to the formation of two equi-
valents of cysteine, and its subsequent reaction with two equivalents of DEEMM.   
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At first, dithiothreitol (DTT) and 2-mercaptoethanol (MER) were tested, since 
DTT has been employed for quantification of D-cysteine in cell culture samples 
and bacteria proteins (Pucciarini et al., 2020; Soriano et al., 2012) and it is usually 
used in bottom-up proteomics. The MER reagent has been employed for seleno-
amino acids quantification in onions (Rebane et al., 2014). The latter was shown 
to be more effective as a reducing agent since it gives similar results to DTT but 
with a lower concentration of the reagent needed (Figure 27a and b, respectively).  

A third reagent, thioglycolic acid (TGA), was also introduced since it has been 
shown that it is an effective reagent for the protection of cysteine under acidic 
hydrolysis conditions (Yokote et al., 1986). The effectiveness of TGA and MER 
were studied for real samples, HPH and SBP (Figure 28a and b, respectively).  

The reducing agent TGA was shown to be less effective in preventing the 
formation of cystine given its lower peak area in all the proportions tested and 
higher standard deviation in some cases, compared to MER. Therefore, 0.01% 
MER was chosen as the reducing reagent for the quantification of cysteine in all 
the samples. 
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4.3.3 Matrix effect 

Matrix effect (ME) is a phenomenon that causes a shift in the ionization efficiency 
of the analyte due to co-eluting compounds present in the matrix (Zhou et al., 
2017). Since this influences the signal intensity of the analyte, and, therefore, 
directly affects quantification accuracy and sensitivity, ME is one of the most 
important parameters to be evaluated in LC-MS/MS analysis. A serial dilution 
approach (Oldekop et al., 2014) was employed for the evaluation of ME of 45 
amino compounds for the samples HPH, SBP, OB and AP,  in which different 
extract dilution ratios were employed for the quantification, the RSD% was 
evaluated for the back-calculated concentration values and when it was higher 
than 20%, then ME was assumed to be present for the analyte in question (Olde-
kop et al., 2014).  

For most of the analytes, the RSD% was lower than 20% in the four studied 
samples (Table 14). The only exceptions were histidine and ornithine in the SBP 
sample and proline in the HPH and OB samples. The RSD% values are different 
across the four samples because the analytes are present in different concentra-
tions and the analyses were carried out on different days. Considering these 
results, it was assumed that SBL does not present a ME either. 
 
Table 14. RSD% (n = 6, 8 or 10) of concentration values determined at different dilution 
ratios: 50-, 25-, 12-, 6- and 3-fold. HPH: hempseed hull, SBP: sea buckthorn pomace, 
OB: oat bran and AP: apple pomace. The sign “-“ marks the compound not present or not 
evaluated in a particular sample. 

Amino compound HPH SBP OB AP 
Histidine 10% 23% 9% 19% 
Taurine  4% 8% 8% - 

Histamine  6% 17% - 6% 
Arginine  7% 10% 13% 9% 

Hypotaurine - 20% 14% - 
Glutamine 7% 13% 7% 13% 
Asparagine 11% 14% 5% 5% 

Glycylglycine 14% - 12% - 
Serine 4% 10% 7% 10% 

Agmatine  10% 4% 6% 9% 
Citrulline  2% - 6% - 

Glutamic acid 11% 4% 7% 13% 
Aspartic acid 12% 14% 12% 15% 
Ethanolamine  12% 12% 15% 9% 

Methionine sulfone - 3% - 8% 
Threonine 17% 2% 5% 13% 
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Amino compound HPH SBP OB AP 
Glycine 16% 4% 11% 13% 
GABA  13% 19% 11% 13% 

α-Aminoadipic acid - 7% 9% 6% 
α-Alanine  11% 8% 19% 9% 
β-alanine 10% 8% 10% 6% 

Methylamine  7% 14% 17% 8% 
Octopamine  8% - - - 

Proline 22% 19% 21% 17% 
5-aminovaleric acid  8% 11% 4% 5% 

Tyrosine 12% 5% 11% 11% 
AABA  6% 4% 5% 5% 

S-methylcysteine  3% 5% 3% 9% 
Methionine 10% 14% 9% 5% 
Serotonin  7% 13% 9% - 

Ethylamine  3% 6% 8% 7% 
Valine 8% 12% 10% 11% 

Tryptophan 7% 7% 5% 3% 
3-methoxytyramine  4% - - - 

Ornithine 9% 21% 15% 2% 
Tyramine  10% 14% - 18% 
Isoleucine 9% 7% 5% 8% 
Leucine 4% 3% 12% 16% 

Phenylalanine 5% 8% 5% 3% 
Lysine 20% 10% 19% 16% 

Putrescine  14% 10% 11% 9% 
Tryptamine - 10% 12% - 
Cadavarine  6% - - - 

2-Phenylethylamine  15% 6% - 9% 
Isopentylamine  3% 5% 10% 12% 
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4.3.4 Quantification of amino compounds by dMRM 

After the detection and the confirmation of the identity of 46 amino compounds, 
the quantification was carried out in dMRM mode from an external calibration 
curve prepared from a stock solution with all the amino compounds (Table 15). 
The samples richest in free amino compounds are SBP and SBL, mainly because 
of their high content of asparagine (ca. 4 g/kg), however, in terms of the number 
of amino compounds, OB and HPH are the richest. On the other hand, AP is the 
poorest in terms of concentration and number of free amino compounds.  

The amino compounds GABA, proline and glutamic acid are also quantified 
at the highest concentration values (ca. 1 g/kg). Hemp seed is rich in compounds 
with octopamine and tyramine moieties, such as hydroxycinnamic acid amides 
and phenolamides (Benkirane et al., 2022; Crescente et al., 2018), which explains 
the presence of octopamine only in HPH and the highest concentration of 
tyramine in said sample. Moreover, sea buckthorn samples present a higher con-
centration of serotonin and tryptamine. 

The AA lysine, methionine, threonine, and tryptophan are in demand for feed 
since they are typically supplemented in their free form to feedstuff and are 
referred to as limiting AAs (Eugenio et al., 2022; Zhao et al., 2022). Among the 
samples SBL, HPH and SBP, the latter presents the lowest concentration of the 
AA previously mentioned whereas SBL and HPH have similar concentration 
values, except for threonine and tryptophan. In terms of these limiting AA, SBL 
and HPH are preferred feed supplements. 
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A correlation matrix, based on Pearson distance and the concentration of 46 
amino compounds shown in Table 15, was built to evaluate the similarity and the 
difference among the 5 samples (Figure 29), especially between HPH, SBP and 
SBL against OB and AP, since the two latter have already been employed as 
livestock feed. Compounds that were not quantified because they were below the 
LoD had a value of 0 in the matrix.  
 
 

 
Figure 29. Similarity matrix (based on Pearson distance) among the five samples. HPH: 
hempseed hull, SBP: sea buckthorn pomace, OB: oat bran, AP: apple pomace and SBL: 
sea buckthorn leaves. Blue represents positive correlation and red color represents nega-
tive correlation. The size of the circle represents how big the correlation is (paper III). 

 
Although different parts, namely the leaves and pomace, of sea buckthorn were 
analyzed, they are closely related (r = 0.96) because of their similar concentration 
of asparagine, aspartic acid, methylamine, α-alanine, S-methylcysteine, AABA, 
ethylamine, serotonin, phenylalanine and tryptamine. OB and AP are moderately 
correlated with SBP (r = 0.78 and 0.66, respectively) and HPH (r = 0.61 and 0.74, 
respectively) and more strongly correlated with SBL (r = 0.85 and 0.77, respec-
tively). This high correlation between the already employed samples as feed 
supplements indicates that SBL is more appropriate for livestock feed supple-
ments and the compounds responsible for that similarity between OB and SBL 
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are methionine sulfone, glutamic acid, β-alanine, α-aminoadipic acid, tyrosine, 
and lysine. Moreover, the combination of the samples HPH and SBL in different 
proportions could address any shortcomings observed in one another, e.g. the 
tryptophan content in SBL is lower while the threonine content is higher.  

The content of free amino compounds may be affected by the season of the 
plant collection and the sample pre-treatment, such as the drying process. More-
over, further research is needed to explore the synergistic interactions among the 
identified amino compounds and how they affect the animal’s health and perfor-
mance. For instance, the presence of putrescine and cadaverine could augment 
the histamine and tyramine’s toxicity (Jain & Verma, 2018).  
 
 

4.4. Comparison of sensitivities of NLS and MRM modes 
The limit of detection (LoD) and quantification (LoQ) were evaluated in dMRM 
and NLS modes corresponding to the loss of 46 and with the same fragmentor 
voltage and collision energy values. NLS is a scanning mode by its nature and 
scanning modes of quadrupole mass analyzers are known to provide lower 
sensitivity as compared to MRM. The sensitivity of dMRM is expected to be 
higher, but the magnitude is not known. A calibration curve (5 – 150 µg/kg) was 
built and analyzed on the same day for both modes and its slope and standard 
deviation of the response were used to calculate LoD and LoQ (Equations 1 and 
2, respectively) 
 𝐿𝑜𝐷 =  3.3 ∗  𝜎𝑆                                                     (1) 
 
 𝐿𝑜𝑄 =  10 ∗  𝜎𝑆                                                    (2) 
 
where 
σ – standard deviation of the response and 
S – slope of the calibration curve  
 
The comparison of LoD and LoQ values between MRM and NLS modes (Table 
16), presented as LoQNL/LoQMRM, shows that the results are quite close for most 
analytes, with a maximum of 14 times higher sensitivity of MRM mode in the 
case of histidine. On average, MRM mode provided 4 times higher sensitivity 
than NLS mode. 
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The LoD and LoQ can be fine-tuned by changing the fragmentor and the collision 
energy values for each analyte in the case of MRM while it is possible to have 
only four values of fragmentor voltage and collision energy, in the case of NLS 
mode, per method. However, these values for the protonated [M+H]+ and sodium 
adduct [M+Na]+ of DEEMM derivatives are similar to one another as shown by 
the graph in Figure 30. The only exceptions, in the case of the fragmentor voltage 
values for the protonated molecule, are the simplest amines methylamine and 
ethylamine (ca. 65 V) and diamino-compound putrescine (ca. 120 V), otherwise, 
the range is 70–113 V. As for the collision energy, the range stays between 4–12 V.  
 

(a)                                                                                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 

Figure 30. Optimization of the (a) fragmentor voltage and (b) the collision energy values 
for the MRM transition corresponding to the loss of 46 on two different days (n = 2).  
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In case ME is present, extracts should be diluted to reduce it. Therefore, MRM is 
preferable for accurate quantification. Besides, some compounds were present at 
low concentrations, e.g. histamine and 3-methoxytyramine, so employing dMRM 
was unavoidable. However, the results of LoD in NLS mode are still adequate for 
the unraveling of amino compounds in complex samples. 
 
 

4.5. Exploring existing derivatization reagents 
 for derivatization-targeted analysis 

When derivatization reagents are explored for derivatization-targeted analysis, 
they need evaluation based on different parameters. It is important to know if the 
reagent reacts with a wide variety of amino compounds. To study the reactivity 
of derivatization reagents, a group of amino compounds, such as sulfonated, BAs, 
AAs, secondary amines, diamines, triamines etc. (Figure 31) was selected and 
their derivatives’ fragmentation patterns studied under different collision energy 
values. The aim was to identify common charged fragments for PIS mode or 
neutral losses for NLS mode.
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Another important factor is the reactivity between the derivatization reagent towards 
alcohols and phenols since they are also nucleophiles depending on the reaction condi-
tions. Therefore, 10 alcohols or phenolic compounds (Figure 32) were tested. 

p-nitrophenol Cathecol Thymol

Methanol Ethanol Isopropanol 1,4-butanediol

4-methylcathecol  
Figure 32. Alcohols and phenolic compounds tested with the derivatization reagents in 
this work. 

 
The derivatization reagents studied were divided into groups of isothiocyanates, 
charged and fluorescent reagents. Reagents other than DEEMM are sought 
because DEEMM has a slow reaction rate with secondary amines and due to the 
pursuit of possible lower quantification limits in NLS, PSI and MRM modes. 
None of the reagents used in this part of the work have been employed in 
derivatization-targeted analysis before and their reaction and LC-MS parameters 
were not optimized. 
 

4.5.1. Isothiocyanate derivatization reagents 

A family of isothiocyanate reagents (Figure 33) was explored based on the fact 
that PITC and NITC have been widely employed in the derivatization of AAs. 
Besides, the derivatives of 4-SPITC (Figure 33a) showed the neutral loss of H2S 
(34 Da) in negative mode, which sparked an interest in other reagents from the 
same family. 4-SPITC has been employed in bottom-up proteomics to enhance 
structural elucidation (J. Franck et al., 2009; Julien Franck et al., 2010).  
 

 
(a)               (b)                      (c)                            (d)                        (e) 

Figure 33. Isothiocyanate derivatization reagents tested in this work (a) 4-SPITC, (b) 
PITC, (c) NITC, (d) MORPHO and (e) 4-AMITIC. 
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The loss of 34 Da, corresponding to the loss of H2S, was not observed for deri-
vatives of secondary amines, such as proline and diethylamine since the hydrogen 
bonded to the nitrogen participates in the release of this fragment (Figure 34). 
The loss of 173 Da (Figure 35), corresponding to the loss of 4-aminobenzene-
sulfonic acid, in both negative and positive modes, was observed for disubstituted 
amino compounds, such as putrescine and lysine. The presence of m/z 216, 
[M+H]+ in positive mode, and m/z 214 [M]- in negative mode, corresponding to 
the derivatization reagent, were observed. The m/z of the derivatives’ dimer was 
also detected which indicates the presence of hydrogen bonding in the sulfur 
atom. 
 
 

[M]- [M]-

[M-34]- 34 Da  
 
Figure 34. Fragmentation pathway of GABA-4-SPITC derivative with the release of a 
hydrogen sulfide molecule in negative mode.  
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The chromatogram of 4-SPITC derivatives in NLS negative mode is presented in 
Figure 36 for a solution of a few BAs and another of AAs. The derivatives of 
methylamine, ethylamine, isopentylamine and phenylethylamine were detected 
due to the presence of a permanent negative charge in the derivatization tag, un-
like the case of putrescine and diethylamine, which was expected based on what 
was discussed above.  
 
 

 
Figure 36.  Chromatogram in NLS mode (-34 Da), in negative mode, of 4-SPITC deri-
vatives of methylamine (RT = 1.17 min), ethylamine (RT = 2.93 min), tyramine (RT = 
6.52 min), leucine (RT = 6.79 min), phenylalanine (RT = 6.89 min), tryptophan (RT = 
7.00 min), isopentylamine (RT = 7.31 min) and phenylethylamine (RT = 7.46 min), m/z 
range 100 – 500. Fragmentor voltage 90 V and collision energy 15 V. 

 
 
PITC, NITC and 4-AMITIC showed a neutral loss of 34 Da in negative mode as 
well, but similarly to 4-SPITC, secondary amines did not. Additionally, simple 
aliphatic amines (e.g. methylamine, isobutylamine) do not present this frag-
mentation pattern either since these compounds do not have a moiety that ionizes 
in negative mode, such as the group -SO3

- present in the reagent 4-SPITC. Simi-
larly to 4-SPITC, the loss of aniline (-93 Da) and 1-naphthylamine (-143 Da) in 
positive mode is observed for disubstituted compounds, in the case of PITC and 
NITC, respectively. Moreover, the presence of m/z 94 (+), 92 (-) and 144 (+), 142 
(-) for both PITC and NITC was detected, respectively. The same was observed 
for 4-AMITIC, m/z 229 in positive mode together with m/z 214 and 204. The 
neutral loss corresponding to the loss of the derivatization reagent was also 
detected. 

MORPHO did not show good retention time values, since the derivatized 
amino compounds were not detected under the chromatographic conditions used 
(0.1 % aqueous formic acid and acetonitrile as the mobile phases). Although the 
prices of the reagents are affordable, they were not further explored due to an 
inconsistent fragmentation pattern and/or poor sensitivity in the modes used. Be-
sides, 4-SPITC is only available as a technical grade reagent. 
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4.5.2. Charged reagents 

Two charged derivatization reagents, TMPP and pyry, were studied due to the 
lack of studies with them and the fact that charged reagents can provide high 
ionization efficiencies because of the presence of the permanent positive charge.  

In the case of TMPP, there is evidence for its reaction with hydroxyl groups, 
which can be present in some amino compounds, e.g. tyramine, otherwise, the 
expected phenolic-TMPP derivatives were not detected. Moreover, a product with 
an additional +14 Da is present as well, which is more prominent for AAs. A 
disubstituted derivative of cysteine was also detected without the addition of a 
reducing reagent, giving evidence that TMPP is also reactive towards the thiol 
group.  

The MS characteristics of the derivatives consist of the presence of [M]+, [M]2+ 

and even [M+H]2+ in some cases. The TMPP-derivatives are bulky molecules, so 
no fragments are detected up to collision cell energy of 30 V, but at 30 – 40 V, the 
loss of 46 Da is detected, correspondent to the loss of dimethyl ether and to the 
formation of a six-membered ring among the phosphorus, oxygen and two ben-
zene rings (Figure 37) (Breci, 2001). A loss of 46 was not observed for the charged 
derivatization reagent SPTPP (Inagaki et al., 2010), another phosphonium-based 
reagent, which corroborates with the fragmentation pathway presented in Figure 
37. The fragments m/z 181, 151, 136 and121 are also present. 

The same fragmentation pattern is observed for the “+14 product”, contrary to 
the TMPP derivatives of agmatine, arginine, hypotaurine and theanine. For di-
substituted TMPP derivatives, such as lysine and putrescine, the loss of 23 Da is 
observed. 
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The NLS chromatogram of a standard solution of taurine is presented in Figure 
38 in an m/z range of 610 – 1000, since the peak of the hydrolysis product (m/z 
591) and the “+14 product” of the hydrolysis product (m/z 605) are prominent. In 
that way, these peaks do not appear in the chromatogram, which makes it cleaner, 
but then it is not possible to detect the TMPP-methylamine derivative (m/z 604) 
and the [M]2+ ion of some derivatives. 
 
 

 
Figure 38.  Chromatogram in NLS mode (-46 Da) of a taurine standard solution (RT = 
6.96 min), m/z range 610 – 1000. Fragmentor voltage 90 V and collision energy 40 V. 

 
 
The employment of NLS (-46 Da) and/or PIS (m/z 181) is a promising approach 
to detect amino compounds, however, there is a lack of understanding of the 
formation of the +14 product and consequently, figuring out a way to cease it. 
Plus, disubstituted products of amino-containing compounds with hydroxyl 
group in their structure will be also detected by this approach. 

The pyrylium-based derivatization reagent reacts with neither secondary 
amines nor phenolic compounds which was predicted by the reaction pathway. 
Some publications suggest a water-free environment for the reaction to take place 
(Bąchor et al., 2020; Katritzky et al., 1980; Y. Li et al., 2021; Waliczek et al., 
2016), but when purely acetonitrile conditions were tested, the peak area of pyry-
tryptamine derivative was lower when compared to peak area of the reaction 
which took place in an aqueous solution. The reagent’s reactivity towards AAs is 
lower compared to biogenic amines’, for instance, a high temperature (ca. 60 °C) 
was needed for the reaction of the reagent with valine and isoleucine. 

The MS behaviour of pyry-derivatives is based on the formation of a tri-
phenylpyridinium ion (m/z 308) and the release of a neutral 1,2-alkene compound 
(Figure 39) at a range of collision energy 0 – 20 V, depending on the amino 
compound. Unlike other derivatization reagents shown in this work, the frag-
mentation of pyry-derivatives is limited to the prominent presence of the afore-
mentioned fragment and the fragments m/z 203 and 230.   
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m/z 308  
Figure 39. Fragmentation pathway of GABA-pyry derivative leading to the formation of 
a triphenylpyridinium ion and 3-butenoic acid.  

 
For aromatic amines and methylamine, the m/z pattern observed is 306/308/304 
(in the order of decreasing intensity) (Figure 40), because the usual fragmentation 
pathway presented in Figure 39 is not possible.  
 
 

m/z 306  
Figure 40. Fragmentation pathway of methylamine-pyry derivative.  

 
 
The m/z of the derivatization reagent (m/z 309) is different from the common 
fragment among the amino compounds (m/z 308), so the peak of excess of the 
reagent does not interfere in the chromatogram when run in PIS scan mode at m/z 
range 310 – 700 (Figure 41). Therefore, primary amino compounds can be 
detected as pyry-derivatives by employing PIS scan mode set at m/z 308, but 
methylamine and aromatic amines might not be easily detectable due to their 
distinct fragmentation pattern, so in that case, PIS mode run at m/z 306 is neces-
sary too. If the aim is to detect secondary amino compounds as well, then this 
approach is not applicable. 
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Figure 41.  Chromatogram in PIS mode (m/z 308) of an isopentylamine standard solution 
(RT = 7.51 min), m/z range 310 – 700. Fragmentor voltage 90 V and collision energy  
10 V. 

 
4.5.3. Fluorescent reagents 

As mentioned previously, the fluorescent reagent MDPF has not been widely 
explored in MS analysis while there are few works with fluorescamine (Junnotula 
et al., 2020; Junnotula & Licea-Perez, 2013). Neither of the reagents reacts with 
alcohols and phenolic compounds in the tested conditions. The interesting feature 
of the MDPF reagent is the different products originated from primary and secon-
dary amines, so a distinct fragmentation pattern was expected for both types of 
amines. The reagent is also readily hydrolyzed, given the presence of a peak with 
m/z 253.  

MDPF derivatives under ESI are protonated on the oxygen atom of the hydro-
xyl group, which is readily released as a neutral compound, H2O (-18 Da), upon 
fragmentation in CID (Figure 42) and the presence of the fragment m/z 105 at 
lower collision energy values between 0 – 10 V. The recurrent loss of two H2O 
molecules (-36 Da) was observed for some compounds, e.g. GABA and aspa-
ragine, but there is no pattern in the type of amino compounds for which this loss 
occurred. 
 

[M+H-18]+[M+H]+

18 Da
O

N +

OOH

N

OOH

O
OH2

+

O
HH+

 
Figure 42. Fragmentation pathway of GABA-MDPF derivative leading to the loss of  
18 Da (H2O). 
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All the MDPF derivatives of amines can be detected in PIS mode (m/z 105) and 
primary amines can be detected in NLS mode as shown in Figure 43 for the 
derivative of 3-methoxytyramine together with the presence of two peaks with 
m/z 253, the hydrolysis product as mentioned previously. Secondary amines can 
be detected by their derivatives’ presence in PIS mode and their lack of in NLS 
mode.   
 

 
Figure 43. Chromatogram in NLS mode (-18 Da) of a 3-methoxytyramine standard solu-
tion (RT = 9.68 min), m/z range 100 – 700. Fragmentor voltage 90 V and collision energy 
5 V. 

 
The loss of 28 Da (CO) was noticed for secondary amines (Figure 44) and BAs, 
such as tryptamine and serotonin. The presence of m/z 77 (C6H5

+) was also 
detected but it is not a good diagnose fragment for MDPF derivatives, since it is 
a common fragment for aromatic compounds in general.  
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In the case of fluorescamine, two products were expected, one derived from the 
dehydration of the initial product. The dehydration reaction is affected by the 
acidity of the reaction medium, hence different volumes of 6 M HCl were added 
to the reaction solution of tyramine-fluorescamine after 10 minutes and the peak 
area of both products was recorded (Figure 45). The dehydrated product is 
favored over time with the least amount of acid (Figure 45a), considering the 
stable peak area across the four-time points. On the other hand, the dehydrated 
product is degraded over time when 20 and 40 µL of acid is added with appro-
ximately a decrease of 90% in the peak area for the latter. Regarding the deri-
vative as it is (Figure 45b), the profile is stable over time when 40 µL of acid is 
present, while for 10 and 20 µL, its peak area increases over time. Therefore, a 
more acidic environment for the reaction is a good start to understanding how to 
favor one of the products, but considering these preliminary results, a more acidic 
condition favors the degradation of the dehydrated product while the derivative 
remains intact. 

Fluorescamine derivatives have the same fragmentation pattern as MDPF’s, 
except for the derivatives of secondary amines, which were not studied, since 
fluorescamine does not react with secondary amines at the tested conditions. The 
fragmentation pattern of the dehydrated product was also investigated for a few 
amino compounds: cadaverine, putrescine, theanine, isopentylamine, kynurenine 
and cysteine and the loss of 18 Da also takes place. 

In a nutshell, fluorescamine can be employed for the detection of primary 
amino compounds by using NLS mode (-18 Da). MDPF can be employed for the 
detection of primary amino compounds by using NLS mode (-18 Da) too and for 
the detection of primary and secondary amino compounds using PIS scan mode 
(m/z 105).  

A summary of all the derivatization reagents discussed is shown in Table 17, 
in terms of reactivity towards alcohols and phenolic compounds, fragmentation 
pattern, possible scan modes and general reaction comments. Overall, the most 
promising reagents, i.e. with fewer issues, are MDPF and triphenylpyrylium. 

Now that the reaction features and the fragmentation pattern have been care-
fully studied, other parameters should also be evaluated, such as reaction yield, 
ionization efficiency, LoD, LoQ, ME, and LC-MS/MS parameters optimization. 
In any case, DEEMM showed to have a good performance in many aspects, such 
as good reactivity towards a large number of amino compounds and good LoD 
and LoQ in NLS and MRM modes. 
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5. SUMMARY 
The approach named derivatization-targeted analysis is introduced, which makes 
use of the common MS/MS fragmentation pattern of derivatized amines and 
amino acids. It employs precursor ion scanning (PIS) mode, when a common 
charged fragment is present, or neutral loss scanning (NLS) mode, when the loss 
of a neutral fragment takes place. In that way, the approach targets all compounds 
with a specific functional group. This allows to narrow down the number of pos-
sible compounds detected in a sample, thus reducing the problem of recording 
excessive number of compounds as in the case of non-targeted analysis. 

The combined approach of DEEMM derivatization and NLS mode was 
applied to 11 plant species for the detection of amino compounds. In the first part 
of the work, the derivatization reaction was optimized in terms of the reaction 
conditions and application of a quenching reagent. This allowed to reduce the 
number of chromatographic peaks due to the derivatization reaction by-products. 
As a result, more peaks could be detected in NLS mode without interference.  

The developed approach was applied to 42 plant samples of 5 plant species, 
mostly grown in the Mediterranean territory. Hierarchical clustering, based on the 
semi-quantification of the amino compounds by NLS mode, showed that their 
content can be used to separate the plants based on their genera, Ptilostemon and 
Carduus, mainly due to the presence of a higher content of amino compounds in 
the latter. In addition, the method was applied to 5 agricultural by-products to 
evaluate their use as a feed supplement regarding their free amino compound 
content. In total, 50 amino compounds were detected and identified and out of 
these, 33 were quantified by NLS mode and 46 were quantified by MRM mode. 

Derivatization reagents belonging to the groups isothiocyanate, charged or 
fluorescent reagents, were studied for their use in derivatization-targeted analysis 
with respect to their fragmentation pattern. The group of isothiocyanate reagents 
showed a fragmentation pathway with the loss of 34 Da (H2S) in negative ioni-
zation mode. The charged reagents presented, as their main fragmentation path-
way, the loss of 46 Da (C2H6O) and the presence of the fragment m/z 308 for 
TMPP and pyrylium ion, respectively. Both fluorescent reagents have the same 
fragmentation pattern, the loss of 18 Da (H2O) and the common fragment m/z 
105. A more in-depth investigation of the reagents in terms of their fragmentation 
pattern, matrix effects, LoD and LoQ should be carried out. 

The derivatization-targeted approach was developed, for the first time, based on 
DEEMM-derivatization of amino compounds followed by the analysis of the 
derivatives in NLS mode. The method was successfully applied to several plant 
samples, proving useful in detecting amino compounds in a significantly higher 
number than anticipated. Apart from DEEMM, other derivatization reagents were 
examined, and some demonstrated promising results in terms of their derivatives’ 
fragmentation patterns. The future perspectives include streamlining the proposed 
approach by automatizing the derivatization and data analysis stages for more 
efficient elucidation of detected compounds. In general, the derivatization-targeted 
approach can be further extended to any functional group which can be derivatized. 
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SUMMARY IN ESTONIAN 

Aminorühma sisaldavate ühendite  
derivatiseerimine-suunatud LC-MS analüüs 

Töötati välja derivatiseeritud amiinide ja aminohapete sarnasel MS/MS fragmen-
tatsioonimustril baseeruv analüüsimeetod, mis nimetati derivatiseerimine-sihitud 
analüüsiks. Meetod kasutab eellasioonide skaneerimise (PIS) režiimi, kui frag-
mentatsioonil tekib ühine laetud fragment, ja neutraali kao skaneerimise (NLS) 
režiimi, kui ühine fragment on laenguta. Seega võimaldab see meetod tuvastada 
kõiki ühendeid, millel on konkreetne funktsionaalne rühm. See võimaldab vähen-
dada keerulistes proovides tuvastatavate ühendite arvu võrreldes tavapärase 
avastusanalüüsiga (non-targeted analysis). 

DEEMM derivatiseerimise ja NLS režiimi kombineeritud lähenemisviisi 
kasutati aminoühendite tuvastamiseks 11 taimeliigi proovides. Töö esimeses osas 
optimeeriti derivatiseerimisreaktsiooni tingimused ja reaktsiooni lõpetava rea-
gendi kasutamine. See võimaldas vähendada derivatiseerimisreaktsiooni kõrval-
produktidest tingitud kromatograafiliste piikide arvu, mis lubas NLS režiimis 
tuvastada rohkem tippe ilma segavate mõjudeta. 

Arendatud meetodit rakendati 42 taimeproovile viiest taimeliigist, mis kasva-
vad enamasti Vahemere piirkonnas. NLS režiimis teostatud poolkvantitatiivsetele 
analüüsitulemustele rakendati hierarhilist klasteranalüüsi, mis näitas, et amino-
ühendite sisaldust saab kasutada taimede klassifitseerimiseks perekondadesse, 
Ptilostemon ja Carduus, peamiselt tänu viimase kõrgemale aminoühendite sisal-
dusele. Lisaks rakendati meetodit viiele põllumajandusliku tootmise kõrval-
saadusele, et hinnata nende kasutatavust söödalisandina vabade aminoühendite 
sisalduse seisukohalt. Kokku tuvastati ja identifitseeriti 50 aminoühendit, millest 
33 kvantifitseeriti NLS režiimis ja 46 kvantifitseeriti MRM režiimis. 

Uuriti ka teiste derivatiseerivate reagentide sobivust kasutamiseks derivati-
seerimine-sihitud analüüsil. Need reagendid grupeeriti kui isotiotsüanaadid, püsi-
va laenguga ja fluorestseeruvad reagendid ning uuriti vastavate derivaatide frag-
mentatsioonimustreid. Isotiotsüanaatide rühma kuuluvate reagentide fragmentee-
rumise ühiseks jooneks oli neutraalse 34 Da fragmendi (H2S) kadu negatiivses 
ionisatsiooni režiimis. Laetud reagentidest esines peamise fragmentatsiooni raja-
na TMPP puhul 46 Da (C2H6O) kadu ja pürüüliumiooni puhul laetud m/z 308 
fragmendi olemasolu. Mõlemal fluorestseeruval reagendil on sama fragmentat-
sioonimuster, 18 Da kadu (H2O) ja ühine laetud fragment m/z 105. Derivatiseeri-
tud ühendite fragmentatsioon, maatriksefektid, LoD ja LoQ vajavad veel põhja-
likumat uurimist. 

Töötati välja derivatiseerimine-sihitud analüüsi metoodika, mis põhineb 
aminoühendite DEEMM-derivatiseerimisel ja järgneval derivaatide analüüsil 
NLS režiimis. Meetodit rakendati edukalt mitmete taimproovide ekstraktide 
analüüsil ja see võimaldas tuvastada oluliselt rohkem aminoühendeid, kui oleks 
olnud võimalik sihitud analüüsi (targeted analysis) korral. Lisaks DEEMM-ile 
uuriti ka teisi derivatiseerimisreagente ning fragmentatsioonimustrite põhjal 
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võiks mõned neist samuti sobida derivatiseerimine-sihitud analüüsiks. Tulevikus 
tuleks rõhku panna derivatiseerimise ja andmeanalüüsi etappide automatisee-
rimisele. Üldiselt on derivatiseerimine-sihitud analüüsi põhimõte kasutatav ka 
mis tahes funktsionaalsete rühmadega analüütide tuvastamiseks, kui on olemas 
sobiv derivatiseeriv reagent. 
 
  



102 

ACKNOWLEDGMENTS 

First and foremost, I would like to thank my supervisor Koit Herodes for his 
calmness, openness, and willingness to share knowledge and the head of our 
research group, Ivo Leito. I would like to thank the people I have closely worked 
with: Arianna, my students Khrongkwan (Oey) and Michaela, and Dunja for our 
collaboration and for providing the agricultural by-products samples. I would like 
to thank my colleagues Udhan, Ernesto, Ngan, Tofu and Sigrid for your advice, 
conversations, help and exchange of information. I would also like to thank Felipe 
and Ernesto for their help with some derivatization experiments. Overall, a big 
thanks to the members of the Chair of the Analytical Chemistry group.  

My gratitude goes to my group of friends Akila, Apostol, Ayesh, Chaitanya, 
Ilona, Imali, Jhalak, Meruert, Michaela, Naila and Natalia here in Tartu. A special 
shoutout to Ayesh for introducing me to the group and Michaela, Naila and 
Chaitanya for their close friendship. My closest long-term friends Yago and 
Antonio, thank you for your friendship and support throughout these 5 years. I 
thank all of my friends for accepting me for who I am and becoming my family 
abroad. I will always cherish the time we spent together. 

My greatest appreciation goes to my mom, Elizabete, and my dad, Dione, 
thank you for supporting me and my professional endeavors. I know you did your 
best even when we were going through difficult times. A special thanks to Cabral 
for his positive attitude throughout my studies, my aunt Luana for motivating me 
and my grandparents for always keeping me in their prayers. I would like to thank 
my family in general. I am also grateful to my partner Kristaps for keeping me 
motivated, for being understanding and a good listener and for making my days 
even more colorful.  

I would like to thank my therapist, Fabyanne, for guiding me in this journal of 
self-improvement and discovery that started happening during my PhD journey 
and thank myself for being willing and putting the effort to grow, emotionally and 
professionally.  

Last but not least, I acknowledge Tartu University for the funding from the 
EU through the European Regional Development Fund (TK141 “Advanced mate-
rials and high-technology devices for energy recuperation systems”). The work 
was carried out using the instrumentation at the Estonian Center of Analytical 
Chemistry (www.akki.ee). 
  



 

 
 

 

PUBLICATIONS 

 
 
 
 
  



142 

CURRICULUM VITAE 

Name: Larissa Silva Maciel 
Date of birth: June 3, 1994, Itajubá, Minas Gerais, Brazil 
Citizenship: Brazil 
E-mail: larissasilvamaciel@gmail.com and maciel@ut.ee 
  

Education:  
2020–… PhD program in Analytical Chemistry, 

University of Tartu – Tartu, Estonia 
2018–2020 Master's program in Excellence in Analytical Chemistry, 

Master of Science 
University of Tartu – Tartu, Estonia,  
Uppsala University – Uppsala, Sweden 

2012–2017 Bachelor’s program in chemistry, Bachelor of Chemistry 
Federal University of Itajubá, Itajubá, Brazil 

  
Professional employment 
Apr/18–Jun/18 Temporary lecturer on general chemistry 
 Federal University of Itajubá, Itajubá, Brazil 
Jan/17–May/17 Volunteer research trainee in the biorefining chemistry team 
 Technical Research Centre of Finland Ltd (VTT), Espoo, 

Finland 
Jan/16–Jul/16 Intern at the structural characterization laboratory  
 Solvay Group, Paulinia, Brazil 
 

Scientific publications 
1.  Malenica, D., Maciel, L. S., Herodes, K., Kass, M., & Bhat, R. (2024). Opti-

mization of Ultrasonic-Assisted Extraction of Antioxidants in Apple Pomace 
(var. Belorusskoje malinovoje) Using Response Surface Methodology: Scope 
and Opportunity to Develop as a Potential Feed Supplement or Feed Ingre-
dient. Sustainability, 16(7), 2765. https://doi.org/10.3390/su16072765 

2.  Maciel, L. S., Malenica, D., Herodes, K., Kass, M., & Bhat, R. (2024). Detec-
tion and quantification of free amino compounds in selected agricultural by-
products with derivatization followed by liquid chromatography-tandem mass 
spectrometry analysis. Food Chemistry Advances, 4(January), 100629. 
https://doi.org/10.1016/j.focha.2024.100629 

3.  Ben-Othman, S., Bleive, U., Kaldmäe, H., Aluvee, A., Rätsep, R., Karp, K., 
Maciel, L. S., Herodes, K., & Rinken, T. (2023). Phytochemical characteriza-
tion of oil and protein fractions isolated from Japanese quince (Chaenomeles 
japonica) wine by-product. Lwt, 178(December 2022). https://doi.org/10. 
1016/j.lwt.2023.114632 

4.  Marengo, A., Maciel, L. S., Cagliero, C., Rubiolo, P., & Herodes, K. (2023). 
Free Amino Acids and Biogenic Amines Profiling and Variation in Wild and 



143 

Sub-Endemic Cardueae Species from Sardinia and Corse. Plants, 12(2). 
https://doi.org/10.3390/plants12020319 

5.  Maciel, L. S., Marengo, A., Rubiolo, P., Leito, I., & Herodes, K. (2021). Deri-
vatization-targeted analysis of amino compounds in plant extracts in neutral 
loss acquisition mode by liquid chromatography-tandem mass spectrometry. 
Journal of Chromatography A, 1656, 462555. https://doi.org/10.1016/j. 
chroma.2021.462555 

6.  Goulart, B. V., Nascimento, W. N. dos S., Pinto, A. C., Fagundes, P. M. L. L., 
Maciel, L. S., Alvarenga, M. I. N., & Kondo, M. M. (2020). Sorption and 
mobility of thiabendazole in a Brazilian Oxisol. Ciência e Natura, 42, e44. 
https://doi.org/10.5902/2179460X42330 

 
Attended conferences 
17–22.09.23 6th International Mass Spectrometry School. Cagliari, Italy. 

Poster presentation. 
10–15.12.22 3rd Iberoamerican Conference on Mass Spectrometry. Rio de 

Janeiro, Brazil. Poster presentation. 
13–15.09.22 1st summer School on automation and miniaturization in 

sample preparation provided by Charles University. Hradec 
Králové, Czechia. 

27.08–02.09.22 24th International Mass Spectrometry Conference. Maastricht, 
the Netherlands. Poster presentation. 

 
 

  



144 

ELULOOKIRJELDUS 

Nimi: Larissa Silva Maciel 
Sünniaeg: 3. juuni 1994, Itajuba, Minas Gerais, Brazil 
Kodakonsus: Brasiilia 
E-post: larissasilvamaciel@gmail.com ja maciel@ut.ee 
  
Haridus  
2020–… PhD programm analüütilises keemias, 

Tartu Ülikool – Tartu, Eesti 
2018–2020 Magistriprogramm Excellence in Analytical Chemistry, 

Magistrikraad 
Tartu Ülikool – Tartu, Eesti,  
Uppsala Ülikool – Uppsala, Rootsi 

2012–2017 Keemia bakalaureuseõppekava, keemia bakalaureusekraad 
Itajubá föderaalne ülikool, Itajubá, Brasiilia 

  
Teenistuskäik 
Apr/18 – Jun/18 Üldkeemia ajutine õppejõud 
 Itajubá föderaalne ülikool, Itajubá, Brasiilia 
Jan/17 – May/17 Biorefining Chemistry meeskonna vabatahtlik 

teaduspraktikant 
Technical Research Centre of Finland Ltd (VTT), Espoo, 
Finland 

Jan/16 – Jul/16 Struktuuri iseloomustamise laboris praktikant 
 Solvay Group, Paulinia, Brasiilia 
 
Teaduspublikatsioonid 
1. Malenica, D., Maciel, L. S., Herodes, K., Kass, M., & Bhat, R. (2024). Opti-

mization of Ultrasonic-Assisted Extraction of Antioxidants in Apple Pomace 
(var. Belorusskoje malinovoje) Using Response Surface Methodology: Scope 
and Opportunity to Develop as a Potential Feed Supplement or Feed Ingre-
dient. Sustainability, 16(7), 2765. https://doi.org/10.3390/su16072765 

2. Maciel, L. S., Malenica, D., Herodes, K., Kass, M., & Bhat, R. (2024). Detec-
tion and quantification of free amino compounds in selected agricultural by-
products with derivatization followed by liquid chromatography-tandem mass 
spectrometry analysis. Food Chemistry Advances, 4(January), 100629. 
https://doi.org/10.1016/j.focha.2024.100629 

3. Ben-Othman, S., Bleive, U., Kaldmäe, H., Aluvee, A., Rätsep, R., Karp, K., 
Maciel, L. S., Herodes, K., & Rinken, T. (2023). Phytochemical characte-
rization of oil and protein fractions isolated from Japanese quince (Chaeno-
meles japonica) wine by-product. Lwt, 178(December 2022). https://doi.org/ 
10.1016/j.lwt.2023.114632 



145 

4.  Marengo, A., Maciel, L. S., Cagliero, C., Rubiolo, P., & Herodes, K. (2023). 
Free Amino Acids and Biogenic Amines Profiling and Variation in Wild and 
Sub-Endemic Cardueae Species from Sardinia and Corse. Plants, 12(2). 
https://doi.org/10.3390/plants12020319 

5.  Maciel, L. S., Marengo, A., Rubiolo, P., Leito, I., & Herodes, K. (2021). Deri-
vatization-targeted analysis of amino compounds in plant extracts in neutral 
loss acquisition mode by liquid chromatography-tandem mass spectrometry. 
Journal of Chromatography A, 1656, 462555. https://doi.org/10.1016/j. 
chroma.2021.462555 

6.  Goulart, B. V., Nascimento, W. N. dos S., Pinto, A. C., Fagundes, P. M. L. L., 
Maciel, L. S., Alvarenga, M. I. N., & Kondo, M. M. (2020). Sorption and 
mobility of thiabendazole in a Brazilian Oxisol. Ciência e Natura, 42, e44. 
https://doi.org/10.5902/2179460X42330 

 
Osalemine konverentsidel 
17–22.09.23 6th International Mass Spectrometry School. Cagliari, 

Itaalia. Stendiettekanne. 
10–15.12.22 3rd Iberoamerican Conference on Mass Spectrometry.  

Rio de Janeiro, Brasiilia. Stendiettekanne. 
13–15.09.22 1st summer School on automation and miniaturization in 

sample preparation provided by Charles University.  
Hradec Králové, Tšehhi Vabariik. 

27.08–02.09.22 24th International Mass Spectrometry Conference. 
Maastricht, Madalmaad. Stendiettekanne. 

 
 
 

 
 



146 

DISSERTATIONES CHIMICAE  
UNIVERSITATIS TARTUENSIS 

1. Toomas Tamm. Quantum-chemical simulation of solvent effects. Tartu, 
1993, 110 p. 

2. Peeter Burk. Theoretical study of gas-phase acid-base equilibria. Tartu, 
1994, 96 p. 

3. Victor Lobanov. Quantitative structure-property relationships in large 
descriptor spaces. Tartu, 1995, 135 p. 

4. Vahur Mäemets. The 17O and 1H nuclear magnetic resonance study of 
H2O in individual solvents and its charged clusters in aqueous solutions of 
electrolytes. Tartu, 1997, 140 p. 

5.  Andrus Metsala. Microcanonical rate constant in nonequilibrium distribu-
tion of vibrational energy and in restricted intramolecular vibrational 
energy redistribution on the basis of slater’s theory of unimolecular re-
actions. Tartu, 1997, 150 p. 

6. Uko Maran. Quantum-mechanical study of potential energy surfaces in 
different environments. Tartu, 1997, 137 p. 

7. Alar Jänes. Adsorption of organic compounds on antimony, bismuth and 
cadmium electrodes. Tartu, 1998, 219 p. 

8. Kaido Tammeveski. Oxygen electroreduction on thin platinum films and 
the electrochemical detection of superoxide anion. Tartu, 1998, 139 p. 

9. Ivo Leito. Studies of Brønsted acid-base equilibria in water and non-
aqueous media. Tartu, 1998, 101 p. 

10.  Jaan Leis. Conformational dynamics and equilibria in amides. Tartu, 1998, 
131 p. 

11.  Toonika Rinken. The modelling of amperometric biosensors based on oxi-
doreductases. Tartu, 2000, 108 p. 

12. Dmitri Panov. Partially solvated Grignard reagents. Tartu, 2000, 64 p.  
13. Kaja Orupõld. Treatment and analysis of phenolic wastewater with micro-

organisms. Tartu, 2000, 123 p. 
14. Jüri Ivask. Ion Chromatographic determination of major anions and 

cations in polar ice core. Tartu, 2000, 85 p. 
15. Lauri Vares. Stereoselective Synthesis of Tetrahydrofuran and Tetra-

hydropyran Derivatives by Use of Asymmetric Horner-Wadsworth- 
Emmons and Ring Closure Reactions. Tartu, 2000, 184 p.  

16. Martin Lepiku. Kinetic aspects of dopamine D2 receptor interactions with 
specific ligands. Tartu, 2000, 81 p. 

17. Katrin Sak. Some aspects of ligand specificity of P2Y receptors. Tartu, 
2000, 106 p. 

18. Vello Pällin. The role of solvation in the formation of iotsitch complexes. 
Tartu, 2001, 95 p. 

19.  Katrin Kollist. Interactions between polycyclic aromatic compounds and 
humic substances. Tartu, 2001, 93 p. 



147 

20. Ivar Koppel. Quantum chemical study of acidity of strong and superstrong 
Brønsted acids. Tartu, 2001, 104 p. 

21. Viljar Pihl. The study of the substituent and solvent effects on the acidity 
of OH and CH acids. Tartu, 2001, 132 p. 

22. Natalia Palm. Specification of the minimum, sufficient and significant set 
of descriptors for general description of solvent effects. Tartu, 2001, 134 p. 

23. Sulev Sild. QSPR/QSAR approaches for complex molecular systems. 
Tartu, 2001, 134 p. 

24. Ruslan Petrukhin. Industrial applications of the quantitative structure-
property relationships. Tartu, 2001, 162 p. 

25. Boris V. Rogovoy. Synthesis of (benzotriazolyl)carboximidamides and their 
application in relations with N- and S-nucleophyles. Tartu, 2002, 84 p. 

26. Koit Herodes. Solvent effects on UV-vis absorption spectra of some 
solvatochromic substances in binary solvent mixtures: the preferential 
solvation model. Tartu, 2002, 102 p. 

27. Anti Perkson. Synthesis and characterisation of nanostructured carbon. 
Tartu, 2002, 152 p. 

28. Ivari Kaljurand. Self-consistent acidity scales of neutral and cationic 
Brønsted acids in acetonitrile and tetrahydrofuran. Tartu, 2003, 108 p. 

29. Karmen Lust. Adsorption of anions on bismuth single crystal electrodes. 
Tartu, 2003, 128 p. 

30. Mare Piirsalu. Substituent, temperature and solvent effects on the alkaline 
hydrolysis of substituted phenyl and alkyl esters of benzoic acid. Tartu, 
2003, 156 p. 

31. Meeri Sassian. Reactions of partially solvated Grignard reagents. Tartu, 
2003, 78 p. 

32. Tarmo Tamm. Quantum chemical modelling of polypyrrole. Tartu, 2003. 
100 p. 

33. Erik Teinemaa. The environmental fate of the particulate matter and 
organic pollutants from an oil shale power plant. Tartu, 2003. 102 p. 

34. Jaana Tammiku-Taul. Quantum chemical study of the properties of 
Grignard reagents. Tartu, 2003. 120 p. 

35. Andre Lomaka. Biomedical applications of predictive computational  
chemistry. Tartu, 2003. 132 p. 

36. Kostyantyn Kirichenko. Benzotriazole – Mediated Carbon–Carbon Bond 
Formation. Tartu, 2003. 132 p. 

37. Gunnar Nurk. Adsorption kinetics of some organic compounds on bis-
muth single crystal electrodes. Tartu, 2003, 170 p. 

38. Mati Arulepp. Electrochemical characteristics of porous carbon materials 
and electrical double layer capacitors. Tartu, 2003, 196 p. 

39. Dan Cornel Fara. QSPR modeling of complexation and distribution of 
organic compounds. Tartu, 2004, 126 p. 

40. Riina Mahlapuu. Signalling of galanin and amyloid precursor protein 
through adenylate cyclase. Tartu, 2004, 124 p. 



148 

41. Mihkel Kerikmäe. Some luminescent materials for dosimetric applications 
and physical research. Tartu, 2004, 143 p. 

42. Jaanus Kruusma. Determination of some important trace metal ions in 
human blood. Tartu, 2004, 115 p. 

43. Urmas Johanson. Investigations of the electrochemical properties of poly-
pyrrole modified electrodes. Tartu, 2004, 91 p. 

44. Kaido Sillar. Computational study of the acid sites in zeolite ZSM-5. 
Tartu, 2004, 80 p. 

45. Aldo Oras. Kinetic aspects of dATPαS interaction with P2Y1 receptor. 
Tartu, 2004, 75 p. 

46. Erik Mölder. Measurement of the oxygen mass transfer through the air-
water interface. Tartu, 2005, 73 p.  

47. Thomas Thomberg. The kinetics of electroreduction of peroxodisulfate 
anion on cadmium (0001) single crystal electrode. Tartu, 2005, 95 p. 

48. Olavi Loog. Aspects of condensations of carbonyl compounds and their 
imine analogues. Tartu, 2005, 83 p.  

49. Siim Salmar. Effect of ultrasound on ester hydrolysis in aqueous ethanol. 
Tartu, 2006, 73 p.  

50. Ain Uustare. Modulation of signal transduction of heptahelical receptors 
by other receptors and G proteins. Tartu, 2006, 121 p. 

51. Sergei Yurchenko. Determination of some carcinogenic contaminants in 
food. Tartu, 2006, 143 p.  

52. Kaido Tämm. QSPR modeling of some properties of organic compounds. 
Tartu, 2006, 67 p.  

53. Olga Tšubrik. New methods in the synthesis of multisubstituted hydra-
zines. Tartu. 2006, 183 p.  

54. Lilli Sooväli. Spectrophotometric measurements and their uncertainty in 
chemical analysis and dissociation constant measurements. Tartu, 2006,  
125 p. 

55. Eve Koort. Uncertainty estimation of potentiometrically measured ph and 
pKa values. Tartu, 2006, 139 p.  

56. Sergei Kopanchuk. Regulation of ligand binding to melanocortin receptor 
subtypes. Tartu, 2006, 119 p.  

57. Silvar Kallip. Surface structure of some bismuth and antimony single 
crystal electrodes. Tartu, 2006, 107 p. 

58. Kristjan Saal. Surface silanization and its application in biomolecule 
coupling. Tartu, 2006, 77 p. 

59. Tanel Tätte. High viscosity Sn(OBu)4 oligomeric concentrates and their 
applications in technology. Tartu, 2006, 91 p. 

60. Dimitar Atanasov Dobchev. Robust QSAR methods for the prediction of 
properties from molecular structure. Tartu, 2006, 118 p.  

61.  Hannes Hagu. Impact of ultrasound on hydrophobic interactions in 
solutions. Tartu, 2007, 81 p. 

62. Rutha Jäger. Electroreduction of peroxodisulfate anion on bismuth 
electrodes. Tartu, 2007, 142 p. 



149 

63. Kaido Viht. Immobilizable bisubstrate-analogue inhibitors of basophilic 
protein kinases: development and application in biosensors. Tartu, 2007,  
88 p. 

64. Eva-Ingrid Rõõm. Acid-base equilibria in nonpolar media. Tartu, 2007, 
156 p. 

65. Sven Tamp. DFT study of the cesium cation containing complexes relevant 
to the cesium cation binding by the humic acids. Tartu, 2007, 102 p. 

66. Jaak Nerut. Electroreduction of hexacyanoferrate(III) anion on Cadmium 
(0001) single crystal electrode. Tartu, 2007, 180 p.  

67. Lauri Jalukse. Measurement uncertainty estimation in amperometric 
dissolved oxygen concentration measurement. Tartu, 2007, 112 p. 

68. Aime Lust. Charge state of dopants and ordered clusters formation in 
CaF2:Mn and CaF2:Eu luminophors. Tartu, 2007, 100 p. 

69. Iiris Kahn. Quantitative Structure-Activity Relationships of environ-
mentally relevant properties. Tartu, 2007, 98 p. 

70. Mari Reinik. Nitrates, nitrites, N-nitrosamines and polycyclic aromatic 
hydrocarbons in food: analytical methods, occurrence and dietary intake. 
Tartu, 2007, 172 p. 

71. Heili Kasuk. Thermodynamic parameters and adsorption kinetics of orga-
nic compounds forming the compact adsorption layer at Bi single crystal 
electrodes. Tartu, 2007, 212 p. 

72. Erki Enkvist. Synthesis of adenosine-peptide conjugates for biological 
applications. Tartu, 2007, 114 p.  

73. Svetoslav Hristov Slavov. Biomedical applications of the QSAR approach. 
Tartu, 2007, 146 p. 

74. Eneli Härk. Electroreduction of complex cations on electrochemically 
polished Bi(hkl) single crystal electrodes. Tartu, 2008, 158 p.  

75. Priit Möller. Electrochemical characteristics of some cathodes for medium 
temperature solid oxide fuel cells, synthesized by solid state reaction 
technique. Tartu, 2008, 90 p.  

76. Signe Viggor. Impact of biochemical parameters of genetically different 
pseudomonads at the degradation of phenolic compounds. Tartu, 2008, 122 p. 

77. Ave Sarapuu. Electrochemical reduction of oxygen on quinone-modified 
carbon electrodes and on thin films of platinum and gold. Tartu, 2008,  
134 p.  

78. Agnes Kütt. Studies of acid-base equilibria in non-aqueous media. Tartu, 
2008, 198 p.  

79. Rouvim Kadis. Evaluation of measurement uncertainty in analytical che-
mistry: related concepts and some points of misinterpretation. Tartu, 2008, 
118 p. 

80.  Valter Reedo. Elaboration of IVB group metal oxide structures and their 
possible applications. Tartu, 2008, 98 p. 

81.  Aleksei Kuznetsov. Allosteric effects in reactions catalyzed by the cAMP-
dependent protein kinase catalytic subunit. Tartu, 2009, 133 p. 



150 

82. Aleksei Bredihhin. Use of mono- and polyanions in the synthesis of 
multisubstituted hydrazine derivatives. Tartu, 2009, 105 p. 

83.  Anu Ploom. Quantitative structure-reactivity analysis in organosilicon 
chemistry. Tartu, 2009, 99 p.  

84. Argo Vonk. Determination of adenosine A2A- and dopamine D1 receptor-
specific modulation of adenylate cyclase activity in rat striatum. Tartu, 
2009, 129 p. 

85.  Indrek Kivi. Synthesis and electrochemical characterization of porous 
cathode materials for intermediate temperature solid oxide fuel cells. 
Tartu, 2009, 177 p.  

86. Jaanus Eskusson. Synthesis and characterisation of diamond-like carbon 
thin films prepared by pulsed laser deposition method. Tartu, 2009, 117 p. 

87. Marko Lätt. Carbide derived microporous carbon and electrical double 
layer capacitors. Tartu, 2009, 107 p. 

88.  Vladimir Stepanov. Slow conformational changes in dopamine transpor-
ter interaction with its ligands. Tartu, 2009, 103 p.  

89. Aleksander Trummal. Computational Study of Structural and Solvent 
Effects on Acidities of Some Brønsted Acids. Tartu, 2009, 103 p. 

90.  Eerold Vellemäe. Applications of mischmetal in organic synthesis. Tartu, 
2009, 93 p. 

91.  Sven Parkel. Ligand binding to 5-HT1A receptors and its regulation by 
Mg2+ and Mn2+. Tartu, 2010, 99 p. 

92.  Signe Vahur. Expanding the possibilities of ATR-FT-IR spectroscopy in 
determination of inorganic pigments. Tartu, 2010, 184 p. 

93.  Tavo Romann. Preparation and surface modification of bismuth thin 
film, porous, and microelectrodes. Tartu, 2010, 155 p. 

94.  Nadežda Aleksejeva. Electrocatalytic reduction of oxygen on carbon 
nanotube-based nanocomposite materials. Tartu, 2010, 147 p.  

95.  Marko Kullapere. Electrochemical properties of glassy carbon, nickel 
and gold electrodes modified with aryl groups. Tartu, 2010, 233 p. 

96. Liis Siinor. Adsorption kinetics of ions at Bi single crystal planes from 
aqueous electrolyte solutions and room-temperature ionic liquids. Tartu, 
2010, 101 p. 

97.   Angela Vaasa. Development of fluorescence-based kinetic and binding 
assays for characterization of protein kinases and their inhibitors. Tartu 
2010, 101 p. 

98. Indrek Tulp. Multivariate analysis of chemical and biological properties. 
Tartu 2010, 105 p. 

99.  Aare Selberg. Evaluation of environmental quality in Northern Estonia 
by the analysis of leachate. Tartu 2010, 117 p. 

100. Darja Lavõgina. Development of protein kinase inhibitors based on 
adenosine analogue-oligoarginine conjugates. Tartu 2010, 248 p. 

101. Laura Herm. Biochemistry of dopamine D2 receptors and its association 
with motivated behaviour. Tartu 2010, 156 p. 



151 

102. Terje Raudsepp. Influence of dopant anions on the electrochemical pro-
perties of polypyrrole films. Tartu 2010, 112 p.  

103.  Margus Marandi. Electroformation of Polypyrrole Films: In-situ AFM 
and STM Study. Tartu 2011, 116 p. 

104. Kairi Kivirand. Diamine oxidase-based biosensors: construction and 
working principles. Tartu, 2011, 140 p. 

105. Anneli Kruve. Matrix effects in liquid-chromatography electrospray 
mass-spectrometry. Tartu, 2011, 156 p. 

106. Gary Urb. Assessment of environmental impact of oil shale fly ash from 
PF and CFB combustion.  Tartu, 2011, 108 p. 

107. Nikita Oskolkov. A novel strategy for peptide-mediated cellular delivery 
and induction of endosomal escape. Tartu, 2011, 106 p. 

108. Dana Martin. The QSPR/QSAR approach for the prediction of properties of 
fullerene derivatives. Tartu, 2011, 98 p. 

109.  Säde Viirlaid. Novel glutathione analogues and their antioxidant activity. 
Tartu, 2011, 106 p. 

110.  Ülis Sõukand. Simultaneous adsorption of Cd2+, Ni2+, and Pb2+ on peat. 
Tartu, 2011, 124 p. 

111. Lauri Lipping. The acidity of strong and superstrong Brønsted acids, an 
outreach for the “limits of growth”: a quantum chemical study. Tartu, 
2011, 124 p. 

112. Heisi Kurig. Electrical double-layer capacitors based on ionic liquids as 
electrolytes. Tartu, 2011, 146 p. 

113. Marje Kasari. Bisubstrate luminescent probes, optical sensors and 
affinity adsorbents for measurement of active protein kinases in biological 
samples. Tartu, 2012, 126 p. 

114. Kalev Takkis. Virtual screening of chemical databases for bioactive 
molecules. Tartu, 2012, 122 p. 

115. Ksenija Kisseljova. Synthesis of aza-β3-amino acid containing peptides 
and kinetic study of their phosphorylation by protein kinase A. Tartu, 
2012, 104 p. 

116. Riin Rebane. Advanced method development strategy for derivatization 
LC/ESI/MS. Tartu, 2012, 184 p. 

117. Vladislav Ivaništšev. Double layer structure and adsorption kinetics of 
ions at metal electrodes in room temperature ionic liquids. Tartu, 2012, 
128 p. 

118.  Irja Helm. High accuracy gravimetric Winkler method for determination 
of dissolved oxygen. Tartu, 2012, 139 p. 

119. Karin Kipper. Fluoroalcohols as Components of LC-ESI-MS Eluents: 
Usage and Applications. Tartu, 2012, 164 p. 

120. Arno Ratas. Energy storage and transfer in dosimetric luminescent 
materials. Tartu, 2012, 163 p. 

121.  Reet Reinart-Okugbeni. Assay systems for characterisation of subtype-
selective binding and functional activity of ligands on dopamine receptors. 
Tartu, 2012, 159 p. 



152 

122.  Lauri Sikk. Computational study of the Sonogashira cross-coupling 
reaction. Tartu, 2012, 81 p. 

123. Karita Raudkivi. Neurochemical studies on inter-individual differences 
in affect-related behaviour of the laboratory rat. Tartu, 2012, 161 p. 

124.  Indrek Saar. Design of GalR2 subtype specific ligands: their role in 
depression-like behavior and feeding regulation. Tartu, 2013, 126 p. 

125. Ann Laheäär. Electrochemical characterization of alkali metal salt based 
non-aqueous electrolytes for supercapacitors. Tartu, 2013, 127 p.  

126.  Kerli Tõnurist. Influence of electrospun separator materials properties on 
electrochemical performance of electrical double-layer capacitors. Tartu, 
2013, 147 p. 

127.  Kaija Põhako-Esko. Novel organic and inorganic ionogels: preparation 
and characterization. Tartu, 2013, 124 p.  

128.  Ivar Kruusenberg. Electroreduction of oxygen on carbon nanomaterial-
based catalysts. Tartu, 2013, 191 p. 

129. Sander Piiskop. Kinetic effects of ultrasound in aqueous acetonitrile 
solutions. Tartu, 2013, 95 p. 

130.  Ilona Faustova. Regulatory role of L-type pyruvate kinase N-terminal 
domain. Tartu, 2013, 109 p. 

131. Kadi Tamm. Synthesis and characterization of the micro-mesoporous 
anode materials and testing of the medium temperature solid oxide fuel 
cell single cells. Tartu, 2013, 138 p.  

132.  Iva Bozhidarova Stoyanova-Slavova. Validation of QSAR/QSPR for 
regulatory purposes. Tartu, 2013, 109 p. 

133. Vitali Grozovski. Adsorption of organic molecules at single crystal 
electrodes studied by in situ STM method. Tartu, 2014, 146 p. 

134. Santa Veikšina. Development of assay systems for characterisation of 
ligand binding properties to melanocortin 4 receptors. Tartu, 2014, 151 p. 

135. Jüri Liiv. PVDF (polyvinylidene difluoride) as material for active 
element  of twisting-ball displays. Tartu, 2014, 111 p. 

136. Kersti Vaarmets. Electrochemical and physical characterization of 
pristine and activated molybdenum carbide-derived carbon electrodes for 
the oxygen electroreduction reaction. Tartu, 2014, 131 p. 

137. Lauri Tõntson. Regulation of G-protein subtypes by receptors, guanine 
nucleotides and Mn2+. Tartu, 2014, 105 p. 

138. Aiko Adamson. Properties of amine-boranes and phosphorus analogues 
in the gas phase. Tartu, 2014, 78 p. 

139. Elo Kibena. Electrochemical grafting of glassy carbon, gold, highly 
oriented pyrolytic graphite and chemical vapour deposition-grown graphene 
electrodes by diazonium reduction method. Tartu, 2014, 184 p.  

140.  Teemu Näykki. Novel Tools for Water Quality Monitoring – From Field 
to Laboratory. Tartu, 2014, 202 p. 

141.  Karl Kaupmees. Acidity and basicity in non-aqueous media: importance 
of solvent properties and purity. Tartu, 2014, 128 p. 



153 

142. Oleg Lebedev. Hydrazine polyanions: different strategies in the synthesis 
of heterocycles. Tartu, 2015, 118 p. 

143.  Geven Piir. Environmental risk assessment of chemicals using QSAR 
methods. Tartu, 2015, 123 p. 

144.   Olga Mazina. Development and application of the biosensor assay for 
measurements of cyclic adenosine monophosphate in studies of G protein-
coupled receptor signalinga. Tartu, 2015, 116 p. 

145.  Sandip Ashokrao Kadam. Anion receptors: synthesis and accurate 
binding measurements. Tartu, 2015, 116 p. 

146.  Indrek Tallo. Synthesis and characterization of new micro-mesoporous 
carbide derived carbon materials for high energy and power density 
electrical double layer capacitors. Tartu, 2015, 148 p. 

147.  Heiki Erikson. Electrochemical reduction of oxygen on nanostructured 
palladium and gold catalysts. Tartu, 2015, 204 p. 

148.  Erik Anderson. In situ Scanning Tunnelling Microscopy studies of the 
interfacial structure between Bi(111) electrode and a room temperature 
ionic liquid. Tartu, 2015, 118 p. 

149.  Girinath G. Pillai. Computational Modelling of Diverse Chemical, Bio-
chemical and Biomedical Properties. Tartu, 2015, 140 p. 

150. Piret Pikma. Interfacial structure and adsorption of organic compounds at 
Cd(0001) and Sb(111) electrodes from ionic liquid and aqueous 
electrolytes: an in situ STM study. Tartu, 2015, 126 p. 

151. Ganesh babu Manoharan. Combining chemical and genetic approaches 
for photoluminescence assays of protein kinases. Tartu, 2016, 126 p. 

152. Carolin Siimenson. Electrochemical characterization of halide ion 
adsorption from liquid mixtures at Bi(111) and pyrolytic graphite 
electrode surface. Tartu, 2016, 110 p. 

153.  Asko Laaniste. Comparison and optimisation of novel mass spectrometry 
ionisation sources. Tartu, 2016, 156 p. 

154.  Hanno Evard. Estimating limit of detection for mass spectrometric 
analysis methods. Tartu, 2016, 224 p. 

155. Kadri Ligi. Characterization and application of protein kinase-responsive  
organic probes with triplet-singlet energy transfer. Tartu, 2016, 122 p. 

156.  Margarita Kagan. Biosensing penicillins’ residues in milk flows. Tartu, 
2016, 130 p. 

157. Marie Kriisa. Development of protein kinase-responsive photolumine-
scent probes and cellular regulators of protein phosphorylation. Tartu, 
2016, 106 p. 

158. Mihkel Vestli. Ultrasonic spray pyrolysis deposited electrolyte layers for 
intermediate temperature solid oxide fuel cells. Tartu, 2016, 156 p. 

159. Silver Sepp. Influence of porosity of the carbide-derived carbon on the  
properties of the composite electrocatalysts and characteristics of polymer 
electrolyte fuel cells. Tartu, 2016, 137 p. 

160. Kristjan Haav. Quantitative relative equilibrium constant measurements 
in supramolecular chemistry. Tartu, 2017, 158 p. 



154 

161. Anu Teearu. Development of MALDI-FT-ICR-MS methodology for the 
analysis of resinous materials. Tartu, 2017, 205 p. 

162. Taavi Ivan. Bifunctional inhibitors and photoluminescent probes for 
studies on protein complexes. Tartu, 2017, 140 p. 

163. Maarja-Liisa Oldekop. Characterization of amino acid derivatization 
reagents for LC-MS analysis. Tartu, 2017, 147 p. 

164. Kristel Jukk. Electrochemical reduction of oxygen on platinum- and 
palladium-based nanocatalysts. Tartu, 2017, 250 p. 

165.  Siim Kukk. Kinetic aspects of interaction between dopamine transporter 
and N-substituted nortropane derivatives. Tartu, 2017, 107 p. 

166. Birgit Viira. Design and modelling in early drug development in 
targeting HIV-1 reverse transcriptase and Malaria. Tartu, 2017, 172 p. 

167. Rait Kivi. Allostery in cAMP dependent protein kinase catalytic subunit. 
Tartu, 2017, 115 p. 

168.  Agnes Heering. Experimental realization and applications of the unified 
acidity scale. Tartu, 2017, 123 p. 

169.  Delia Juronen. Biosensing system for the rapid multiplex detection of 
mastitis-causing pathogens in milk. Tartu, 2018,  85 p. 

170.  Hedi Rahnel. ARC-inhibitors: from reliable biochemical assays to regu-
lators of physiology of cells. Tartu, 2018, 176 p. 

171.  Anton Ruzanov. Computational investigation of the electrical double 
layer at metal–aqueous solution and metal–ionic liquid interfaces. Tartu, 
2018, 129 p. 

172.  Katrin Kestav. Crystal Structure-Guided Development of Bisubstrate-
Analogue Inhibitors of Mitotic Protein Kinase Haspin. Tartu, 2018, 166 p. 

173.  Mihkel Ilisson. Synthesis of novel heterocyclic hydrazine derivatives and 
their conjugates. Tartu, 2018, 101 p. 

174. Anni Allikalt. Development of assay systems for studying ligand binding 
to dopamine receptors. Tartu, 2018, 160 p. 

175. Ove Oll. Electrical double layer structure and energy storage characteris-
tics of ionic liquid based capacitors. Tartu, 2018, 187 p. 

176.  Rasmus Palm. Carbon materials for energy storage applications. Tartu, 
2018, 114 p. 

177. Jörgen Metsik. Preparation and stability of poly(3,4-ethylenedioxythio-
phene) thin films for transparent electrode applications. Tartu, 2018,  
111 p. 

178.  Sofja Tšepelevitš. Experimental studies and modeling of solute-solvent 
interactions. Tartu, 2018, 109 p. 

179. Märt Lõkov. Basicity of some nitrogen, phosphorus and carbon bases in 
acetonitrile. Tartu, 2018, 104 p. 

180. Anton Mastitski. Preparation of α-aza-amino acid precursors and related 
compounds by novel methods of reductive one-pot alkylation and direct 
alkylation. Tartu, 2018, 155 p. 

181.  Jürgen Vahter. Development of bisubstrate inhibitors for protein kinase 
CK2. Tartu, 2019, 186 p. 



1 5 

182.  Piia Liigand. Expanding and improving methodology and applications of 
ionization efficiency measurements. Tartu, 2019, 189 p.  

183.  Sigrid Selberg. Synthesis and properties of lipophilic phosphazene-based 
indicator molecules. Tartu, 2019, 74 p.  

184. Jaanus Liigand. Standard substance free quantification for LC/ESI/MS 
analysis based on the predicted ionization efficiencies. Tartu, 2019, 254 p. 

185. Marek Mooste. Surface and electrochemical characterisation of aryl film 
and nanocomposite material modified carbon and metal-based electrodes. 
Tartu, 2019, 304 p.  

186. Mare Oja. Experimental investigation and modelling of pH profiles for 
effective membrane permeability of drug substances. Tartu, 2019, 306 p. 

187. Sajid Hussain. Electrochemical reduction of oxygen on supported Pt 
catalysts. Tartu, 2019, 220 p. 

188.  Ronald Väli. Glucose-derived hard carbon electrode materials for sodium-
ion batteries. Tartu, 2019, 180 p. 

189. Ester Tee. Analysis and development of selective synthesis methods of 
hierarchical micro- and mesoporous carbons. Tartu, 2019, 210 p. 

190. Martin Maide. Influence of the microstructure and chemical composition 
of the fuel electrode on the electrochemical performance of reversible 
solid oxide fuel cell. Tartu, 2020, 144 p. 

191. Edith Viirlaid. Biosensing Pesticides in Water Samples. Tartu, 2020, 102 p. 
192. Maike Käärik. Nanoporous carbon: the controlled nanostructure, and 

structure-property relationships. Tartu, 2020, 162 p. 
193.  Artur Gornischeff. Study of ionization efficiencies for derivatized com-

pounds in LC/ESI/MS and their application for targeted analysis. Tartu, 
2020, 124 p. 

194.  Reet Link. Ligand binding, allosteric modulation and constitutive activity 
of melanocortin-4 receptors. Tartu, 2020, 108 p. 

195.  Pilleriin Peets. Development of instrumental methods for the analysis of 
textile fibres and dyes. Tartu, 2020, 150 p. 

196.  Larisa Ivanova. Design of active compounds against neurodegenerative 
diseases. Tartu, 2020, 152 p. 

197.  Meelis Härmas. Impact of activated carbon microstructure and porosity 
on electrochemical performance of electrical double-layer capacitors. 
Tartu, 2020, 122 p.  

198.  Ruta Hecht. Novel Eluent Additives for LC-MS Based Bioanalytical 
Methods. Tartu, 2020, 202 p. 

199.  Max Hecht. Advances in the Development of a Point-of-Care Mass 
Spectrometer Test. Tartu, 2020, 168 p. 

200. Ida Rahu. Bromine formation in inorganic bromide/nitrate mixtures and 
its application for oxidative aromatic bromination. Tartu, 2020, 116 p. 

201.  Sander Ratso. Electrocatalysis of oxygen reduction on non-precious 
metal catalysts. Tartu, 2020, 371 p. 

202. Astrid Darnell. Computational design of anion receptors and evaluation 
of host-guest binding. Tartu, 2021, 150 p. 

5



156 

203.  Ove Korjus. The development of ceramic fuel electrode for solid oxide 
cells. Tartu, 2021, 150 p. 

204. Merit Oss. Ionization efficiency in electrospray ionization source and its 
relations to compounds’ physico-chemical properties. Tartu, 2021, 124 p. 

205.  Madis Lüsi. Electroreduction of oxygen on nanostructured palladium 
catalysts. Tartu, 2021, 180 p. 

206. Eliise Tammekivi. Derivatization and quantitative gas-chromatographic 
analysis of oils. Tartu, 2021, 122 p. 

207.  Simona Selberg. Development of Small-Molecule Regulators of Epi-
transcriptomic Processes. Tartu, 2021, 122 p. 

208. Olivier Etebe Nonga. Inhibitors and photoluminescent probes for in vitro 
studies on protein kinases PKA and PIM. Tartu, 2021, 189 p. 

209. Riinu Härmas. The structure and H2 diffusion in porous carbide-derived 
carbon particles. Tartu, 2022, 123 p. 

210.  Maarja Paalo. Synthesis and characterization of novel carbon electrodes 
for high power density electrochemical capacitors. Tartu, 2022, 144 p. 

211. Jinfeng Zhao. Electrochemical characteristics of Bi(hkl) and micro-meso-
porous carbon electrodes in ionic liquid based electrolytes. Tartu, 2022, 
134 p. 

212.  Alar Heinsaar. Investigation of oxygen electrode materials for high-
temperature solid oxide cells in natural conditions. Tartu, 2022, 120 p. 

213.  Jaana Lilloja. Transition metal and nitrogen doped nanocarbon cathode 
catalysts for anion exchange membrane fuel cells. Tartu, 2022, 202 p. 

214.  Maris-Johanna Tahk. Novel fluorescence-based methods for illuminating 
transmembrane signal transduction by G-protein coupled receptors. Tartu, 
2022, 200 p. 

215.  Eerik Jõgi. Development and Applications of E. coli Immunosensor. Tartu, 
2022, 103 p. 

216.  Alo Rüütel. Design principles of synthetic molecular receptors for anion-
selective electrodes. Tartu, 2022, 109 p. 

217. Tanel Sõrmus. Development of stimuli-responsive and covalent bisub-
strate inhibitors of protein kinases. Tartu, 2022, 148 p. 

218.  Oleg Artemchuk. Autotrophic nitrogen removal processes for nutrient 
removal from sidestream and mainstream wastewater. Tartu, 2022, 115 p. 

219. Andre Leesment. Quantitative studies of Brønsted acidity in biphasic 
systems and gas-phase. Tartu, 2023, 83 p. 

220.  Meeli Arujõe-Sado. Structural effects in aza-peptide bond formation re-
action. Tartu, 2023, 83 p. 

221.  Jonas Mart Linge. Electrochemical reduction of oxygen on silver-based 
catalysts. Tartu, 2023, 269 p. 

222.  Tõnis Laasfeld. Integrating Image Analysis and Quantitative Modeling for 
a Holistic View of GPCR Ligand Binding Dynamics. Tartu, 2023, 226 p. 

223. Ernesto de Jesus Zapata Flores. Derivatization Reagents used in nega-
tive mode electrospray LC-MS. Tartu, 2023, 107 p. 



224. Patrick Teppor. Obtaining platinum-free oxygen reduction catalysts 
through biomass valorization: a case study of peat. Tartu, 2023, 161 p. 

225. Peeter Valk. Methanol Oxidation on Platinum-Rare-Earth Metal Oxide 
Activated Catalysts. Tartu, 2023, 162 p. 

226.  Shidong Chen. Unravelling prehistoric plant exploitation in eastern Baltic: 
organic residue analysis of plant-based materials by multi-method approach. 
Tartu, 2023, 245 p. 

227. Yogesh Kumar. M-N4 macrocycle-based catalysts for electrocatalysis of 
oxygen reduction and oxygen evolution. Tartu, 2023, 224 p. 

228.   Kerli Martin. Recognition of carboxylates by synthetic receptors – from 
structure-affinity studies to solid-contact anion-selective electrode proto-
typing. Tartu, 2024, 130 p. 

229.   Huy Quí Vinh Nguyen. Development of Carbon Supported Pt–CeO2 
Catalysts for Proton Exchange Membrane Fuel Cells. Tartu, 2024, 198 p. 

230.   Heigo Ers. Adsorption and Structuring Processes at Single Crystal Elect-
rode – Ionic Liquid Interface – Insights from Simulations and in situ 
Studies. Tartu, 2024, 137 p.  

231.   Ritums Cepitis. Modelling Structural and Geometrical Effects in Carbon 
Dioxide and Oxygen Electrocatalysis. Tartu, 2024, 99 p. 

232.   Kaarel Kisand. Resorcinol-derived carbon-based catalysts for polymer 
electrolyte fuel cell cathodes. Tartu, 2024, 205 p. 

233.   Akmal Kosimov. Template-assisted Mechanosynthesis (TAMS) for the 
production of bifunctional transition metal-based catalysts. Tartu, 2024, 
123 p. 


	Paper I.pdf
	Development of depression-like behavior and altered hippocampal neurogenesis in a mouse model of chronic neuropathic pain
	1 Introduction
	2 Results
	2.1 Mechanical sensitivity in mice after sciatic nerve cuffing (SNC)
	2.2 Time course of the development of anxiety-like and depression-like behavior induced by SNC
	2.3 The effect of SNC on memory and learning
	2.4 The effect of SNC on the volume of the granule cell layer (GCL) and hilus in dentate gyrus (DG), cell proliferation and ...
	2.5 The effect of SNC on cell differentiation in the GCL and hilar area of DG
	2.6 The number of cells expressing early neuronal markers doublecortin and polysialylated neuronal cell adhesion molecule ( ...

	3 Discussion
	4 Materials and methods
	4.1 Animals
	4.2 Surgical procedures and behavioral experiment design
	4.3 Behavioral tests
	4.3.1 Allodynia
	4.3.2 Anxiety and depression related behavior
	4.3.2.1 The elevated plus-maze (EPM)
	4.3.2.2 Novelty suppressed feeding test (NSFT)
	4.3.2.3 Tail suspension test (TST)

	4.3.3 Contextual fear conditioning and extinction

	4.4 Neurogenesis assay
	4.4.1 BrdU administration, animal perfusion and brain tissue processing
	4.4.2 Assessment of the volume of the GCL and hilus in the DG and quantification of the cell number in the GCL
	4.4.3 Cell proliferation and differentiation assessment of the newly generated cells in the GCL and hilus areas of DG
	4.4.4 Doublecortin and PSA-NCAM immunohistochemistry and quantitative analysis

	4.5 Statistical analysis

	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References


	Paper II.pdf
	`Unpredictable chronic mild stress does not exacerbate memory impairment or altered neuronal and glial plasticity in the hi...
	1  INTRODUCTION
	2  METHODS AND MATERIALS
	2.1  Mice
	2.2  Vitamin D deficiency (VDD) induction
	2.3  Unpredictable chronic mild stress (UCMS)
	2.4  Behavioural tests for memory function assessment
	2.4.1  Novel object recognition test (ORT)
	2.4.2  Contextual fear conditioning and extinction, tone-induced fear recall

	2.5  Behavioural tests for assessing anxiety, depressive-like behaviour and self-care
	2.5.1  Novelty suppressed feeding test (NSFT)
	2.5.2  Tail suspension test (TST)
	2.5.3  Open field test (OFT)
	2.5.4  Splash test

	2.6  BrdU administration for neurogenesis assay
	2.7  Tissue collection
	2.8  Measurement of 25(OH)D and Ca2+ levels
	2.8.1  Hematoxylin-eosin (HE) staining, volumetric analysis in the DG and quantification of the cell number in the granule ...
	2.8.2  Immunohistochemistry (IHC) and image analysis of BrdU, caspase-3, ionized calcium-binding adapter molecule 1 (IBA1),...
	2.8.3  BrdU
	2.8.4  Cleaved caspase-3
	2.8.5  IBA1
	2.8.6  GFAP
	2.8.7  TH
	2.8.8  Western blot analysis
	2.8.9  Statistical analysis


	3  RESULTS
	3.1  The effect of dietary-induced VDD and UCMS on serum 25(OH)D and Ca2+level
	3.2  The effect of UCMS on memory in VDD mice
	3.3  The effect of UCMS on body weight, depressive-like, anxiety and self-care behaviour in VDD mice
	3.4  The effect of UCMS on hippocampal morphology, cell number of the GCL and long-term survival of newly generated cells i...
	3.5  The effect of UCMS on hippocampal apoptosis in VDD mice
	3.6  The effect of UCMS on microglial cell density and morphology in the DG in VDD mice
	3.7  The effect of UCMS on caspase-1 and macrophage colony-stimulating factor (mCSF) protein levels in the hippocampus in V...
	3.8  The effect of UCMS on astroglial cell density, morphology and GFAP levels in the hippocampus in VDD mice
	3.9  The effect of UCMS on TH+IHC signal intensity and TH protein levels in the striatum in VDD mice

	4  DISCUSSION
	5  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	PEER REVIEW

	REFERENCES


	Paper I - Derivatization-targeted analysis of amino compounds in plant extracts in neutral loss acquisition mode by liquid chromatography-tandem.pdf
	Derivatization-targeted analysis of amino compounds in plant extracts in neutral loss acquisition mode by liquid chromatography-tandem mass spectrometry
	1 Introduction
	2 Materials and methods (Experimental)
	2.1 Plant material
	2.2 Chemicals
	2.3 Preparation of standard solution
	2.4 Pre-column derivatization
	2.5 Plant extraction
	2.6 LC-MS/MS analysis
	2.7 Statistical analysis

	3 Results and discussion
	3.1 Optimization of the derivatization procedure
	3.2 Proline case
	3.3 Case study

	4 Conclusions
	Authors contributions
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


	Paper II - Free Amino Acids and Biogenic Amines Profiling and Variation in Wild and Sub-Endemic Cardueae Species from Sardinia and Corse.pdf
	Introduction 
	Results and Discussion 
	Phytochemical Analyses 
	Optimization of the Extraction Procedure 
	DEEMM Derivatization-Targeted Characterization by HPLC-MS/MS 

	Statistical Analysis 

	Materials and Methods 
	General Experimental Procedures 
	Plant Material 
	Preparation of the Extracts and Pre-Column Derivatization 
	HPLC-MS/MS Analysis 
	Statistical Analysis 

	Conclusions 
	References

	Paper III - Detection and quantification of free amino compounds in selected agricultural by-products with derivatization followed by LCMS.pdf
	Detection and quantification of free amino compounds in selected agricultural by-products with derivatization followed by l ...
	1 Introduction
	2 Methodology
	2.1 Chemicals
	2.2 Sample pre-treatment
	2.3 Solid-liquid extraction and derivatization
	2.4 Cysteine quantification
	2.5 Instrumentation
	2.6 Statistical analysis

	3 Results and discussion
	3.1 Optimization of the extraction procedure
	3.2 Method validation
	3.3 Influence of the quenching reagent on the determination of amino compound concentration
	3.4 Cysteine quantification optimization
	3.5 Amino compound content

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Supplementary materials
	References





